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Dear Reader,

It is my pleasure to provide a foreword for the eighth volume of the 
IONA Journal of Economics, the premier undergraduate research 
forum for the Vancouver School of Economics – and in my opinion, 
one of the finest examples of undergraduate-run and managed 
research journals in any discipline in the world.

I have been involved in supervising undergraduate research, and 
served as a reviewer for this journal, since my start here at UBC.  
I firmly believe (and research shows!) that practical, hands-on 
experience with research is one of the most impactful learning 
experiences possible.  Retrospective reviews from alumni and faculty 
of their own undergraduate education highlight their first research 
projects as being formative for their careers and academic interests.

I hope that by reading this volume, you will see why.  Undergraduate 
research has a unique position in academia, as being the closest to 
what is interesting, current, and relevant to young people today.  
This is an aspect of scholarship which is often overlooked, in our 
preoccupation with citation counts and top journal publications.  I 
often tell my students that they have a unique position in that they 
can identify aspects of the economic world that the older generations 
overlook or do not recognize – and undergraduate research gives 
them a chance to explore these ideas in a profound and deep way.

To pick only a few examples from this volume: Mea Srisan’s work 
using the homophily of K-Pop idol’s body shapes to capture the 
returns to lookism in Korea is something we faculty might not have 
struck upon. Ting Guo’s deep and analytical insight into the product 
review ecosystem on Amazon and its relationship to video gaming 
is another example of a current and interesting topic.  These papers 
deal with the environment of the daily life of undergraduates, and 
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III
pose a unique perspective on what is economically interesting – often 
very different from faculty members, with tenure and childrearing on 
their mind.

I will not belabour the point, at the editors’ request.  Instead, I will 
address my comments to those of you reading who might be students 
yourselves.  Undergraduate research is one of the best things you 
can do for your academic and professional careers – and it does 
not require a fancy title or RA-ship to get started.  It also does not 
require any special levels of academic brilliance or mathematical 
prodigiousness.  What it does require is determination, hard-work, 
a willingness to handle set-backs, and a creative mind that thinks 
deeply and analytically about economic problems and ideas.  None 
of this is beyond the scope of an undergraduate student here at UBC, 
especially as you move into your final year of study.

The economist James Viner once said that “economics is what 
economists do,” and while I think that is true, there is a deeper 
meaning to this statement.  These young scholars have produced 
work which highlights the breadth of economics, as a discipline 
spanning a domain rich in content, but also the methodology of what 
economists do.  For any economist, from the most mainstream to the 
most heterodox, it is our methodology that defines us – and where 
our deepest disagreements arise.  This volume makes it clear that 
the emerging generation of economists will continue in this proud 
tradition; focusing on understanding the economic world around us 
through rigorous methodologies and a pragmatic focus on models.

I have advised and supervised hundreds of young researchers, and one 
of the privileges of working here at UBC is the intellectual strength of 
our undergraduate cohorts.   The best of our undergraduate students, 
as showcased here, is on par with any cohort from any program in the 
world – and their potential is unlimited.

So, dear reader, if you are not a student, use this as an opportunity to 
get a sneak peek at what the next generation of economic thinkers 
and leaders look like – where their interests lie, where their values 
point them, and what shape their thinking takes on.  While we, the 
faculty, may do our best to try to shape that thought, it will ultimately 
grow and flourish in ways that we cannot predict today… but maybe 
we can get a hint from the outstanding scholarship evidenced here, 
in the IONA Journal’s eight volume.

If you are a student, use this as an inspiration; a template to frame 
what you might or could do.  Realize that, although this work is 
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outstanding, the secret is simply hard work, creativity, and a little 
perspective – and we, your faculty mentors, are here to help point 
you in the right direction, when you need that little extra push – so 
don’t hesitate to reach out and get started.  Now!  Go!  You can do it!

Sincerely,

Dr. Jonathan L. Graves
Assistant Professor of Teaching and Majors Advisor
Vancouver School of Economics, 
The University of British Columbia
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Dear Reader, 

On behalf of the Vancouver School of Economics Undergraduate 
Society (VSEUS), I congratulate the IONA Journal team this year on 
another successful launch. The IONA journal’s capacity to showcase 
novel and innovative research ideas, met with the team’s dedication 
to excellence, ensures that important economic problems are 
considered and the voices of our community are heard. Valentina and 
Colby, I hope you find fulfillment in knowing that you have done an 
excellent job managing this year’s team. Together, VSEUS hopes that 
our shared mandate for enhancing student academic experiences at 
the Vancouver School of Economics continues to grow. 

Readers, I challenge you to absorb, reflect on, and perhaps challenge 
some of the empirical methods presented in this edition of the 
IONA journal. I hope you learn something new from the papers by 
our student community and join me in celebrating another successful 
year of the IONA journal! 

Sincerely,

Erin Song 
President
Vancouver School of Economics Undergraduate Society

 Student
Foreword       
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Dear Reader,

The papers you are about to read span a diverse range of topics, from 
self-rated health to body shape and career outcomes, from consumer 
reviews online to value stocks and earnings surprises. Despite their 
uniqueness, these papers share a common trait: they showcase the 
high standard UBC undergraduate students can meet with enough 
effort and determination. Mea Srisan’s paper, in particular, serves as a 
clear example of this in exploring how deviation from ideal body image 
in South Korea affects one’s labour market prospects. Investigating 
an interesting question in a novel context, all while writing with 
concision and clarity, Mea’s work is excellent; consequently, we have 
decided to feature it at the start of this year’s volume.

As you peruse this year’s journal and each of the four papers within, 
I urge you to reflect on the steps which led to their inclusion in 
Volume VIII. These papers were chosen after months of deliberation 
among our Editorial Board, a team composed of 22 undergraduate 
economics students. Additionally, they underwent rigorous scrutiny 
from our Faculty Review Committee composed of professors whom 
we have listed at the end of this volume. In total, we received 45 
submissions and are delighted to present four excellent papers in this 
year’s journal. 

If you have already completed your undergraduate career, no matter 
how long ago, we hope that you reflect on the intense effort, ingenuity, 
and passion involved in writing these papers. If you are presently an 
undergraduate student, we hope that these papers inspire you to be 
ambitious in your own undergraduate thesis. UBC’s economics degree 
is unique in that it requires all students to write a senior thesis. While 
this may seem daunting or even frustrating, I cannot understate the 
weight of this opportunity. Whether you are considering graduate 
school, work opportunities, or just want to earn a high grade, I want 
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to be clear that writing a strong paper is an achievable, worthwhile 
goal.

This year, the IONA journal introduced comprehensive econometrics 
training staggered by knowledge level with the aim of exposing editors 
to statistics on a deeper level and causal inference more broadly. I 
couldn’t help but feel immense joy during this process. Seeing the 
genuine desire to learn outside the classroom shine through the eyes 
of my fellow team members during these sessions invigorated me. To 
any undergraduates reading, I want to stress that the IONA journal 
does not merely showcase exceptional undergraduate research; 
joining the team also provides you with an opportunity to advance 
your knowledge and gain early exposure to academic research. I 
encourage you in particular to read this volume of the IONA journal, 
itself a legacy of eight years of hard work, with deep interest; consider 
contributing your own skills to future editions of the journal, whether 
through submission of a paper or joining the team as an editor.

Lastly, I want to thank all of the professors at the Vancouver School 
of Economics. We are blessed to have highly intelligent, inspiring and 
caring faculty at this school. They have been monumental in instilling 
in me the value of this journal’s presence and conducting research as a 
career more generally. I hope that their excellence is reflected in the 
excellence of the IONA Journal perennially.

With gratitude,

Colby Chambers
Editor-in-Chief
IONA Journal of Economics Volume VIII
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Dear Reader,

Within the pages of this journal, you will find more than just 
research papers; you will find the collective effort and dedication of 
editors, authors, and faculty members who have embraced the spirit 
of intellectual curiosity and academic excellence. It is with great 
pleasure that I welcome you to explore the inspiring contributions 
presented in this volume.

The success of this journal is a testament to the hard work and 
commitment of our diligent editors who have meticulously curated 
and refined the submissions, ensuring the highest standards are 
upheld. 

To the authors, the driving force behind the intellectual depth of this 
journal, I extend my warmest congratulations. Your research, analysis, 
and innovative insights have added vibrancy and diversity to the field 
of economics. Your pursuit of knowledge and your willingness to 
delve into uncharted territories exemplify the true spirit of scholarly 
inquiry.

A special acknowledgment goes to our esteemed faculty members, 
whose guidance and expertise have played a pivotal role in shaping 
the future of economics through the mentorship of our students. 
Your role in fostering a community of scholars who are driven by 
intellectual curiosity is paramount. 

In the words of the economist Edmund Burke, " The first and simplest 
emotion which we discover in the human mind, is curiosity." It is this 
very curiosity that fuels our quest for knowledge, drives us to question 
established theories, and inspires us to explore new horizons. Our 
commitment to nurturing this curiosity is not only essential for the 
growth of individual scholars but also for the advancement of the 
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field as a whole.

As you delve into the research papers showcased in this volume, I 
encourage you to embrace the spirit of curiosity and wonder that 
embodies our Economics community. Let these works spark your own 
curiosity, challenging you to ponder new ideas, question prevailing 
notions, and seek solutions to the pressing economic challenges of 
our time.

Once again, I extend my heartfelt congratulations to all contributors 
for their exceptional work, dedication, and unwavering commitment 
to the pursuit of knowledge. As we celebrate the achievements 
showcased in this volume, I urge everyone, regardless of their 
economic level or expertise, to allow their eyes to get lost in the 
pages of the journal, to immerse themselves in the captivating world 
of economics.

Within these pages lie the seeds of inspiration, waiting to ignite the 
spark of curiosity within each of us. Let us all embrace the joy of 
learning, engage in meaningful discussions, and together, shape the 
future of our ever-evolving field.

With heartfelt thanks,

Valentina Ramirez
Director of Business Operations
IONA Journal of Economics Volume VIII
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ABSTRACT

This paper examines the relationship between body shape 
and job career outcomes in entry-level jobs by focusing 
on South Korean young adults. Using panel survey data 
from the Korean Education and Employment Panel from 
2009 to 2011, this paper finds that undesirable body shapes 
have negative associations with career outcomes in entry-
level jobs for both men and women. For women, having 
a less desirable body shape results in lower probability of 
employment, lower wages, and lower probability of getting 
paid bonuses while men with undesirable body shapes 
experience lower chance of employment and lower chance 
of having permanent job status. Alternative analyses are 
performed to illustrate the robustness of the results. The 
results provide supporting evidence to existing literature 
documenting appearance-based bias in career settings.

* Vancouver School of Economics, 6000 Iona Dr, Vancouver, BC V6T 1L4. I 
would like to thank my thesis supervisor, Professor Jonathan Graves, for his 
continued support and guidance throughout the process. His encouragement 
and motivation allowed me to push myself and learn to apply concepts to 
solve real-world problems through this project.

Mea Srisan

Body Shape and Career Outcomes in 
Entry-level Jobs: The Study of South 

Korean Young Adults

ECON 490: Seminar in Applied Economics
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INTRODUCTION

 Most of us accept the fact that there is a return to 
being physically attractive. The presence of appearance-based 
discrimination has been well documented in many areas such 
as citizens’ voting for political candidates (Clifford & Walster, 
1973), teachers’ judgments of students (Efrain & Patterson, 
1974), and the selection of actors in the US film industry 
(Smith et al., 1999). Not surprisingly, physical appearance also 
plays a role in the career success of an individual. Although 
people often believe that factors such as educational 
background, cognitive abilities, and technical skills are the 
primary determinants of success in work-related contexts, 
research consistently demonstrates that physical appearance 
also significantly influences workplace dynamics. Hamermesh 
and Biddle (1994) examined the US and Canadian household 
surveys and found that workers who are considered to be 
above-average in physical attractiveness earn about 10% to 
15% more than workers who are below-average in beauty when 
working the same jobs. According to Mobius and Rosenblat 
(2006), the size of this so-called beauty premium is almost as 
wide as the race and gender wage gap in the US labor market. 
Recently, Pfeifer (2012) observed German General Social 
Survey data and showed that more attractive candidates are 
on average more likely to be hired and earn on average higher 
wages than less attractive candidates. 
 Body shape is a salient attribute of physical appearance, 
and many studies have documented harmful weight-based 
stereotypes and discrimination. Levine and Schweitzer (2015) 
found that obesity is often associated with negative traits, such 
as a lack of self-esteem and physical unattractiveness. These 
negative stereotypes give way to stigma and discrimination 
against overweight individuals in multiple domains of living, 
especially in work settings (Brownell, 2001). Flint et al. 
(2016) reported that overweight candidates are deemed less 
qualified during the recruiting process when compared to 
normal-weight candidates. According to research by Carr and 
Friedman (2005), individuals with a body mass index (BMI) 
of above 35 were 84% more likely to have experienced job-
related discrimination when compared to individuals with 
average weight. Similarly, Ball et al. (2002) and Schulte et al. 
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(2007) found evidence that overweight workers receive lower 
starting wages, work longer hours, and are more likely to have 
jobs associated with lower socioeconomic status than normal-
weight individuals. Moreover, many studies have shown that 
the influence of body shapes on career outcomes differs across 
genders. Mason (2012) investigated data from the 1997–2008 
National Longitudinal Survey of American Youth and found 
that obese women (BMI > 30) earned 25% less than non-
obese women while such weight penalty was much smaller 
among men. More recently, Li et al. (2021) and Li et al. (2022) 
examined the Chinese labor market and found that, apart from 
receiving a higher degree of the slim premium than their male 
counterparts, women with lower body weight are more likely 
to have long-term employment contracts and better career 
opportunities than women with higher body weight.
 Despite the lack of agreement in the research, there 
may be evidence suggesting that the role of physical appearance 
on career success varies across different experience levels. 
One study supporting this claim was conducted by Fuller 
and Raman (2017). According to the study, 37% of employers 
ranked experience as the most important qualification in a 
potential candidate. Since work experience provides valuable 
hands-on skills that cannot be compensated for by physical 
attractiveness, the presence of weight bias in entry-level jobs 
that require minimal professional experience should be more 
significant when compared to jobs that require candidates with 
more sophisticated experience levels. As most of the studies 
on the topic are based on career industries that require more 
experience or training such as lawyers (Biddle & Hamermesh, 
1998) or management executives (Frieze et al., 1991), the 
significance of body images in entry-level jobs has not been 
sufficiently clarified.
 Therefore, my research builds on the existing 
discussion on body shape and its effect on career-related 
outcomes by focusing on entry-level jobs. Specifically, my 
research identifies and quantifies the relationship between 
body shape and job market outcomes in the early adulthood 
of South Koreans. Since early adulthood is a period in which 
individuals are generally new to the workforce and have only 
accumulated enough professional experience to work in entry-
level jobs, they may have not acquired enough skills to offset 
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the stigma stemming from weight discrimination. In addition, 
I select South Korean young adults as the population of 
interest because South Korea is known for its strict beauty 
standards and physical appearance has a large influence on the 
South Korean job market (Park et al., 2019). As pointed out in 
a Los Angeles Times article by Stiles (2017), many companies in 
South Korea routinely ask applicants to submit their photos, 
leading many job applicants to undergo plastic surgeries to 
enhance their physical appearance.
 To explore the relationship between ideal body shape 
and job market outcomes of Korean young adults, I obtained 
data from the Korean Education and Employment Panel 
(KEEP), a nationally representative dataset comprising 2,000 
middle school seniors (9th graders) and 4,000 high school 
seniors (12th graders). The panel study surveyed the same cohort 
of middle school seniors and high school seniors every year 
for 10 years starting from 2004. For each survey respondent, I 
have data on their education records, employment, household 
details, demographic information, and personal characteristics. 
I extract data on the high school student cohort for three 
years from the 2009, 2010, and 2011 surveys. To measure the 
respondents’ body shape, I utilize weight and height data 
of K-pop idols released by their companies and compute a 
dissimilarity index to measure the dissimilarity between each 
respondent and a group of individuals who are likely to have 
body types that are considered ideal in South Korean culture. 
In choosing the dependent variables of this study, I consider 
not only the pecuniary aspects of job outcomes but also the 
non-pecuniary aspects of career outcomes.  In the KEEP data, 
job market outcomes are  measured by 1) employment status, 2) 
permanent job status, 3) monthly wage, and 4) bonus provision. 
Ordinary least squares regression is used to estimate the effect 
of body shape on monthly wages while logistic regression with 
marginal effects is used for employment status, permanent job 
status, and bonus provision.
 My results provide important insight on beauty 
privilege; they  show that undesirable body shape negatively 
affects career outcomes in entry-level jobs for both men 
and women. For women, having a less desirable body shape 
results in lower probability of employment, lower wages, and 
lower probability of getting paid bonuses while men with less 
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desirable body shape experience lower chance of employment 
and lower chance of having permanent job status. I also perform 
robustness checks by estimating alternative specifications 
using a dissimilarity index computed from BMI rather than 
weights and heights. My primary results are largely consistent 
with these checks. In Section V, I provide a rationale for why 
inconsistent results from the robustness analysis may not be a 
concern in my study.
 This paper’s main contribution to the existing 
literature is three-fold. First, it provides supporting evidence 
to a wide range of studies that have examined the presence 
of appearance-based bias and discrimination in work settings. 
In addition, while most papers tend to focus merely on wage 
premiums or penalties, my paper further explores the effect 
of body shape on other qualitative aspects of a job. Second, 
my findings bolster the existing evidence of a larger weight 
penalty in terms of wages among women.  Third, my paper 
uses the weights and height of K-pop idols as benchmarks for 
ideal bodies and thus deals with the subjectivity and cultural 
inconsistency issues that other researchers have faced in trying 
to find an accurate measure of body shape.
 The remainder of the paper is organized as follows. 
Section II presents the data. Section III describes the empirical 
methodology. Section IV presents the baseline results and 
robustness analysis. Section V discusses the results and Section 
VI offers conclusions.

DATA

A. Student KEEP Data

 The student panel data for this study are obtained 
from the Korean Education and Employment Panel (KEEP), 
a nationally representative dataset comprising 2,000 middle 
school seniors (9th graders) and 4,000 high school seniors (12th 
graders) from high schools. The KEEP panel study surveyed 
the same cohort of middle school seniors and high school 
seniors every year for 10 years starting from 2004. In each 
survey, respondents were asked questions regarding education 
records, employment, household details, professional 
experience, and personal characteristics including their weight 
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and height. I focus on the high school student cohort for three 
years from the 2009, 2010, and 2011 surveys which are the 
most recent years that the English version of the survey data 
was available. While I have data prior to 2009, I do not include 
the earlier years because most respondents were still full-time 
students. The middle school student cohort is excluded from 
this study because they were still attending college from 2009 
to 2011. The response rates of the annual survey during the 
period from 2009 to 2011 for this study were 76.2%, 76.5%, 
and 75.8%, respectively. After dropping observations with no 
weight or height information (135 observations), I exclude 
observations whose BMI is under 10 (one observation) or 
over 40 (eight observations) as those are the lower and upper 
limits for human survival (Lee et al., 2019). The following 
exclusion criteria are also applied to a total of 8072 person-year 
observations: monthly wages over the ninety-ninth percent 
level (33 observations), and invalid logarithm of monthly wages1 
(five observations). The final sample consists of 8034 person-
year observations (4847 males and 3187 females). The summary 
statistics for the KEEP dataset are provided in Tables 1 and 2.
 The employment rate is 51.1% for men and 60.7% for 
women. The higher employment rate among women could 
be the result of the mandatory national military service for 
Korean men which takes around 21 to 36 months. Typically, 
most Korean men complete military service in their early 20s; 
they will first complete one or two years of university studies 
before starting their military service. Since men take longer to 
finish college, they generally start working later than women 
of the same age, resulting in a higher proportion of full-time 
students among men and higher employment rate among 
women. Most employed men and women in the data are 
regularly paid workers (92.7% for men and 97.1% for women). 
The proportions of self-employed workers and family workers 
is higher for men. The average monthly wages earned by men 
and women are 1520000 KRW (approximately 1576 CAD) and 
1330000 (approximately 1379 CAD) respectively. The majority 
of the employed respondents have permanent jobs (82.4% 
for men and 85% for women). Approximately 62.8% of male 
and 54.9% of female regularly paid workers receive bonuses. 
Approximately 82.6% and 80.6% of men and women in the 
1 This is caused by observations with 0 monthly wages (log of 0 is undefined).
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data have completed higher education.
 Job Market Outcomes.— There are several characteristics 
in a job profile that make a job appealing to young adults 
entering the labor market for the first time. Some determinants 
of the desirability of a job include monetary compensation, 
the socioeconomic status of the job, job security, permanent 
status and labor union presence, and job contents (Kim & Han, 
2015). Even though remuneration is generally the key aspect 
that constitutes a desirable job, non-monetary aspects of a job, 
such as job security and future prospects, also heavily define a 
job’s appeal  (Brown, 1980; Jencks et al., 1988). Since workers 
value more than just wages, to comprehensively address the 
correlation between ideal body shape and career-related 
outcomes, both pecuniary and non-pecuniary outcomes must 
be taken into account.
 In the KEEP data, job market outcomes are measured 
by 1) employment status, 2) permanent job status, 3) monthly 
wage, and 4) bonus provision. Monthly wages were measured 
in units of 10000 Korean Won (KRW). Respondents who 
attended school full-time are excluded from the analysis as it is 
likely that they were not actively looking for jobs. Respondents 
who helped their family at least 18 hours per week on an unpaid 
basis are considered employed. A permanent position is defined 
as either self-employment, a family worker, or a regularly paid 
job with a contract of one year or more. When analyzing the 
effect of body shape on bonus provision, I restrict the sample 
to only regularly paid workers. Each dependent variable except 
for monthly wage is represented by a binary variable. 

 Body Shape and Problems with Measuring It.— The 
key independent variable of this study is body shape. Since 
body shape cannot be measured directly, determining each 
respondent’s body shape requires the use of a proxy variable. 
One plausible candidate is BMI. As Swami (2006), Fisher, 
and Voracek (2006) suggest, BMI is one of the significant 
determinants of physical attractiveness since body weight is 
inversely related to physical attractiveness. However, both 
studies also note that although BMI is a salient indicator of 
female physical attractiveness, BMI plays a much more minor 
role in determining male physical attractiveness because the 
negative correlation between attractiveness and body weight 
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is much more pronounced among women than men. More 
importantly, the image of an ideal body varies across cultures; 
whether or not one’s body shape is considered ideal depends on 
where they are. While some countries place a greater emphasis 
on curves, others prefer thinner frames. Due to cultural 
differences in ideal body shapes, using BMI to determine 
whether one’s body shape is preferred or not is problematic 
(Swami, 2006).

B. K-Pop Idol Data

 To address the cultural inconsistency in ideal body 
shape, I use data on the weights and heights of K-pop idols who 
are more likely to uphold the South Korean body standards 
as a benchmark for ideal bodies. The K-pop idol data used 
in this study were obtained from an open-access data source 
Rlist.io. The dataset is comprised of personal information 
of K-pop idols released by their companies. For each idol 
observation, I have information on their weight, height, and 
birth date. After dropping 986 observations with no weight 
and height information, the final K-pop idol sample consists 
of 1306 observations (811 males and 495 females). I summarize 
the weights, heights, and BMIs of the K-pop idol dataset in 
Table 3. By looking at the summary statistics, we can see that 
the majority of the K-pop idols are taller and lighter than the 
KEEP survey respondents. This suggests that South Koreans 
prefer slimmer and taller figures.

C. Dissimilarity Index

To measure how ideal each KEEP respondent’s body is, I 
compute a dissimilarity index to measure the dissimilarity 
between each respondent and a representative group of K-pop 
idols. To compute the dissimilarity index, I first scale the weight 
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and height of all idols in the dataset before grouping them into 
an appropriate number of clusters based on their weights and 
heights using a K-means clustering algorithm. Data scaling and 
clustering are done separately for each gender. Next, I scale 
the weights and heights of the KEEP respondents relative to 
the idol data. After scaling the data, I compute the Euclidean 
distances between each respondent’s scaled weight-height 
datapoint and each center of the K-pop idol. The dissimilarity 
index of each respondent is defined as the minimum of all the 
distances between each respondent and all centers of K-pop 
clusters. Under this framework, having a smaller dissimilarity 
index corresponds to having a more ideal body shape. The 
summary statistics of the dissimilarity index are shown in Table 
2. Figures 1-2 show the histograms of the dissimilarity index for 
men and women. Figures 3-4 show the scatter plots of weights 
and heights of K-pop idols for male and female idols as well as 
the visualizations of K-Means clustering.

EMPIRICAL METHODOLOGY

 To estimate the impact of body shape on job market 
outcomes among young adults, I run logistic regression models 
with marginal effects to analyze the effect on binary dependent 
variables. For the continuous dependent variable, the analysis 
is done through an ordinary least squares regression. The key 
identifying assumption underlying this framework is that 
conditional on my controls, any omitted variables which are 
correlated with dissimilarity do not influence my employment 
outcomes. The potential threat to this is of course an omitted 
variable bias as there are numerous factors that contribute 
to career success. For example, individuals with a smaller 
dissimilarity index may make distinct lifestyle choices or 
exhibit attitudes and work ethics that are positively linked to 
career outcomes. They might possess higher self-confidence, 
enabling them to confidently request raises or excel at work, 
compared to someone equally qualified in the same job but 
with a larger index. The following regression specification is 
used for the baseline analysis:
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where the subscripts i and t denote individual i and year t, 
respectively. Y is either the logarithm of monthly wages or one 
of three dummy dependent variables: employment status, 
permanent job status, or bonus provision. Dissimilarity denotes 
the dissimilarity index of how different each respondent is to 
the representative group of K-pop idols. PerChar represents 
the vector of the respondent's personal characteristics 
including education level and a dummy indicator of whether 
they took out a student loan for college, which is a proxy for 
family income.  denotes year fixed effects. JobChar denotes 
the vector of the respondent's job characteristics including the 
job industry, location, and type of employment2. Exp represents 
a vector of the respondent's professional experience and 
qualifications including obtainment of certificates, job training, 
or internship experiences. Health represents a vector of the 
respondent's health characteristics including drinking and 
smoking behavior.   is the error term.  represents the 
estimated impact of having a socially preferred body shape 
on career outcomes. All the regression analyses in this study 
are run separately for male and female respondents. All 
estimators are computed using heteroskedasticity-robust 
standard errors.

RESULTS

A. Baseline Results

 Tables 4-7 present the baseline results of each outcome 
variable of interest. Column 1 of each table displays the results 
of parsimonious specifications which include only the controls 
for personal characteristics and year-fixed effects. I extend the 
parsimonious specifications by incrementally adding controls 
for job characteristics (column 2), professional experience 
(column 3), and health characteristics (column 4).
 The regression results shown in Table 4 confirm that 
there is a statistically significant association between body 
shape and the probability of employment for both genders. A 
unit increase in the dissimilarity index is associated with an 
approximately 1.5% decrease in the probability of employment 
2 The control for type of employment is only added when analyzing the effect of 
body shape on monthly wages
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for men and 1.2% for women. The effects remain largely intact 
after adding controls for professional experience in column 2 
and health characteristics in column 3. These results suggest

that both men and women with less desirable body shapes are 
less likely to be employed. Since every coefficient from Table 4 
falls within the same range, the influence of body shape on the 
probability of employment does not seem to differ significantly 
between men and women.
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 Table 5 shows the relationship between the dissimilarity 
index and monthly wages. For men, there is no statistically 
significant relationship between the dissimilarity index and 
monthly wages. For women, a unit increase in the dissimilarity 
index is associated with an approximately 1.1% decrease in 
monthly wages which means that there is a negative relationship 
between having a less desirable body shape and monthly wages. 
The estimated effect for women does not change in magnitude 
considerably after adding more controls in columns 2, 3, and 4.

 The estimates from Table 6 illustrate interesting 
results. Unlike other job market outcomes, the regression 
results demonstrate a statistically significant association 
between the dissimilarity index and the probability of having 
permanent job status only for men, but not for women. The 
regression results after adding controls for job characteristics, 
professional experience, and health characteristics demonstrate 
that a unit increase in the dissimilarity index for men reduces 
the probability of having a permanent job by 1.5%.
 Table 7 shows the relationship between the dissimilarity 
index and the probability of receiving a bonus. Similar to the 
results we observe for monthly wages, there is a statistically 
significant negative correlation between the dissimilarity index 
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and the probability of receiving a bonus for women. A 
unitincrease in the dissimilarity index corresponds to an 
approximately 2.5% decrease in the probability of receiving a 
bonus for women. Adding controls for job characteristics, 
professional experience, and health characteristics in columns 
2, 3, and 4 does not alter the estimated effects appreciably. 

 Overall, the baseline results show that women with 
less desirable bodies suffer from lower chance of employment, 
lower monthly wages, and lower chance of getting paid 
bonuses while men with less ideal bodies are subject to lower 
chance of employment and lower chance of having permanent 
jobs. Additionally, we can see that the estimated effects of 
body shape on all four job market outcomes fall within the 
approximate range of 1% to 2.5%. Although these numbers 
seem small, it is noteworthy to keep in mind that the results 
from the regressions are marginal effects and the effects can 
still be significant when comparing individuals at the opposite 
ends of the body shape spectrum. For illustration, consider the 
female respondent with the smallest dissimilarity index (0.03) 
and the female respondent with the largest dissimilarity index 
(14). Suppose that these two women are identical in other 
characteristics. Then the regression results from Table 5 tell 
us that the difference between their monthly wages should be 
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as large as 15.37%. Therefore, even though the results from the 
regression analyses are small, they still provide evidence for 
the large appearance-based bias in the workplace observed in 
previous studies, given that the identifying assumption holds.

B. Robustness Checks

 I conduct a variety of robustness checks to examine the 
validity of my results. Rather than computing the dissimilarity 
index based on weight and height, I compute the dissimilarity 
index based on the BMIs of the KEEP respondents and K-pop 
idols. Subsequently, I replace the original dissimilarity index 
with the new dissimilarity index computed using BMIs and 
re-estimate the baseline regression specifications using this 
new independent variable. Since BMI is closely related to 
weight and height3, the estimated effects from the alternative 
specifications should be consistent with the results from the 
baseline analysis. The process of computing the dissimilarity 
index is similar to before. I first start by scaling the BMIs of 
K-pop idols before clustering the idols by their BMIs using 
the K-means algorithm. Then, I scale the BMIs of the KEEP 
survey respondents relative to the idol data. Subsequently, I 
compute the absolute differences between each respondent’s 
scaled BMI and the centroid (the average BMI) of each idol 
cluster. The dissimilarity index is defined as the smallest 
absolute difference between each respondent’s BMI and all 
idol cluster centroids. The descriptive statistics of the BMI 
dissimilarity index are shown in Table 2.  
 The results from the regressions ran using the 
dissimilarity index from BMI are presented in Tables 8-11. 
Looking at the results in Table 8, we see that there is no 
significant association between BMI dissimilarity and the 
probability of employment for women which is unlike what 
we observe from the baseline results in Table 4. The estimated 
effect for men, on the other hand, demonstrates results that 
are consistent with the baseline specification; there is a 
significant negative correlation for men which means that men 
with less desirable BMIs are more likely to be unemployed. 
The estimated effect for men is also about the same magnitude 
obtained from the main specification shown. 
3 Body Mass Index (BMI) = weight (kg) / [height (m)]2
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 The estimated effects of BMI dissimilarity on monthly 
wages shown in Table 9 are consistent with the baseline 
results in Table 5. There is a statistically significant association 
between monthly wages and the BMI dissimilarity index for 
women, although the magnitude of the effect is smaller than 
the results observed earlier from the baseline specification.
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 Comparing the results of the alternative regression on 
permanent job status from Table 10 with the baseline results in 
Table 6, we observe different results for men. The coefficients 
from Table 10 show no statistically significant association 
between the BMI dissimilarity index and the probability of 
having permanent job status for both genders while Table 6 
illustrates that there is a significant association for men. Lastly, 
we examine the estimated effects of BMI dissimilarity on the 
probability of receiving a bonus in Table 11. The estimated 
results in Table 11 provide similar results to the baseline 
specification in Table 7. There is a statistically significant 
negative correlation between the BMI dissimilarity index and 
the probability of receiving a bonus for women, but not for 
men which suggests that women with more desirable BMIs are 
more likely to get a bonus.
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 Comparing the results of the alternative regression on 
permanent job status from Table 10 with the baseline results in 
Table 6, we observe different results for men. The coefficients 
from Table 10 show no statistically significant association 
between the BMI dissimilarity index and the probability of 
having permanent job status for both genders while Table 6 
illustrates that there is a significant association for men. Lastly, 
we examine the estimated effects of BMI dissimilarity on the 
probability of receiving a bonus in Table 11. The estimated 
results in Table 11 provide similar results to the baseline 
specification in Table 7. There is a statistically significant 
negative correlation between the BMI dissimilarity index and 
the probability of receiving a bonus for women, but not for 
men which suggests that women with more desirable BMIs are 
more likely to get a bonus.

DISCUSSION

 The results from the alternative specifications with 
BMI illustrate the validity of the estimated effects of body 
shape on monthly wages and the probability of receiving a 
bonus for both genders. As for the effect on employment 
status, the robustness check shows consistent results for men 
but not for women, and vice versa for permanent job status. 
Although the inconsistent results cast doubt on the validity 
of the relationships between body shape and those two job 
outcomes shown by the baseline results, it may be the case 
that the dissimilarity index from BMI is less precise than the 
dissimilarity index from weight and height in determining how 
ideal a body shape is. According to Song and Baek (2021), BMI 
is “too sparse to characterize detailed body shapes” and thus 
the dissimilarity index computed from BMI may have failed to 
capture the association between body shape and employment 
status and bonus provision. Hence, despite the inconsistent 
results from the alternative specification, there might still be 
significant correlations between body shape and the two career 
outcomes.
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 My findings indicate that undesirable body shapes have 
negative associations with career outcomes in entry-level jobs 
for both genders. For women, having a less ideal body shape is 
associated with lower probability of employment, lower wages, 
and lower chance of getting paid bonuses while men with 
less ideal body shapes are less likely to be employed and have 
permanent jobs. These results are consistent with previous 
studies documenting the wage penalty from being overweight 
or failing to meet beauty standards.  My results also provide 
supporting evidence for previous studies indicating that 
women suffer more pronounced weight penalties in terms of 
wages than men. 
 My findings further illustrate that penalties from failing 
to meet body standards apply not only to the monetary aspect 
but also to the non-monetary aspects of career outcomes. For 
instance, I have shown that men with less desirable bodies are 
less likely to have permanent jobs. Therefore, in the discussion 
of appearance-based bias in work settings, it is essential that 
aspects of a job other than remuneration are also taken into 
consideration.
 Another key contribution of my paper lies in the use 
of the dissimilarity index. While BMI has been a popular 
measurement of physical appearance in studies on the 
association between physical attractiveness and labor market 
outcomes, many studies have reported that BMI fails to 
characterize detailed body shapes (Fisher & Voracek, 2006; 
Song and Baek, 2021; Swami 2006). Moreover, BMI is a flawed 
measure of physical appearance because body standards vary 
across cultures. My paper deals with these two issues by using 
the weights and heights of a group of individuals whose body 
shapes are considered ideal as benchmarks and measuring the 
dissimilarity between South Koreans and those benchmarks.
It is also important to acknowledge the limitations of my 
study. First, the data were obtained through written surveys. 
According to D. H. Lee et al. (2011), South Korean people usually 
over-report their heights and under-report their weights; thus, 
this self-reported data could bias the relationship between 
dissimilarity and labor market outcomes. Second, although I 
have added a variety of controls to mitigate omitted variable 
bias, there might be other unobserved personal characteristics 
that can influence job market performance. For instance, body 
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image can impact self-perception, which in turn can influence 
interview performance, job performance, and ultimately job 
outcomes, irrespective of the employer's level of bias towards 
weight. Additionally, there is potential reverse causality in 
my regression specification. For instance, it may be the case 
that a change in monthly wage also influences body shape. 
Such reverse causality can cause an endogeneity issue for 
my estimates. Future research should develop a systematic 
approach to address the issues of measurement error and 
reverse causality as well as a more complete set of control 
variables to minimize omitted variable bias.

CONCLUSION

 In this paper, I utilize the panel survey data from 
the Korean Education and Employment Panel to investigate 
the relationship between body shape and career outcomes in 
entry-level jobs. I employ the weight and height data of K-pop 
idols released by their companies and compute a dissimilarity 
index to measure how desirable each respondent’s body shape 
is. Using these data, I show that individuals with less desirable 
body shapes suffer job market penalties and that such penalties 
are different for men and women. My paper complements 
previous literature by providing robust results to the existing 
work on appearance-based bias and goes beyond it by using 
benchmarking as a method of measuring body shape. Future 
research can expand on this study by investigating the long-term 
effects of appearance-based bias on career outcomes beyond 
entry-level jobs. Additionally, exploring the intersectionality of 
body shape with other identity factors, such as gender, race, 
and age, can provide a more comprehensive understanding 
of how multiple dimensions of identity influence career 
opportunities. Furthermore, examining the effectiveness 
of organizational interventions and policies in mitigating 
appearance-based biases can inform strategies for creating 
inclusive work environments.
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ABSTRACT

This paper investigates the short-term capital returns of value 
stocks following quarterly earnings surprises. Using an event-
study framework, the study examines whether value stocks, 
characterized by lower price-earnings (PE) and price-book 
(PB) ratios than the market, outperform average and growth 
stocks. Analyzing the second quarter of the 2022 earnings 
season, the research finds that a portfolio of 32 value stocks 
achieved significantly higher cumulative average abnormal 
returns compared to 32 average stocks. These results support 
the hypothesis that value stocks outperform their counterparts 
in the short-term following earnings events. The study suggests 
the potential development of a short-term value trading 
strategy based on the likelihood of analyst error and earnings 
surprises. These findings contribute to the literature on value 
investing and demonstrate the superior capital returns of value 
stocks, both in the short and long term.
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INTRODUCTION

 Academic and professional research have demonstrated 
extensively that value stocks outperform growth and average 
stocks in the long run. This paper seeks to answer: do value 
stocks provide superior short-term capital returns in response 
to quarterly earnings surprises? Here, we define value stocks as 
those with lower price-earnings (PE) and lower price-book (PB) 
ratios than the market, or S&P 500; average stocks as those 
with PE and PB ratios approximately equal to the market; 
growth stocks as those with PE and PB ratios higher than the 
market; and earnings surprises as any earnings event wherein 
the actual earnings differ from the analysts’ consensus earnings 
estimates.
 This paper explores whether there is evidence in 
support of short-term value stock outperformance following 
an earnings season. If such evidence is found, a potential short-
term trading strategy may be derived wherein an investor 
longs a portfolio of value stocks before their earnings events 
and experiences abnormal gains in a period of 15 trading days 
following the earnings events. This paper uses the second 
quarter of 2022 earnings season, with event windows starting 
and ending in July and August.
 Using an event-study framework, this paper finds that a 
portfolio of 32 value stocks achieved 44.75% higher cumulative 
average abnormal returns over the event window compared 
to a portfolio of 32 average stocks following the mentioned 
earnings season. All cumulative average abnormal returns are 
statistically significant at five percent for both groups. These 
results support the hypothesis that value stocks do outperform 
their counterparts in the short-term following earnings events. 
Further research into this topic over a wider range of earnings 
seasons is needed.
 The subsequent sections of this paper are organized 
as follows. First, a literature review explores the background 
of value investing and its long-term outperformance against 
growth investing. Also reviewed is the existing research on 
the long-term effects of earnings surprises and value stock 
outperformance, which serves as the inspiration for this paper. 
Second, research design, data, and methods are summarized. 
Third, the results section presents the research findings, 
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discusses limitations, and identifies avenues for further 
research into this and similar topics. Finally, the conclusion 
summarizes the results. 

BACKGROUND

 Although value investing traces its origins to the 19th 
century, many consider Benjamin Graham, a mentor to Warren 
Buffett, to be the Father of Value Investing. Dreman (1998) 
notes that among Graham’s favourite investment tools is the 
low price-to-book value method. Later research investigates 
several value investing metrics, among which include the price-
to-earnings (PE) ratio, price-to-cash flow (PCF) ratio, and 
dividend yield methods. 
 Formal statistical research into value investing began 
in the mid-20th century. Cited by many as one of the earlier 
works, Nicholson (1960) studies the relationship between PE 
ratio (or PE multiple) and returns using panel data of 100 trust 
investment-quality stocks between 1939 and 1959. The author 
observes that the 20 lowest multiples showed more capital 
appreciation in all periods than the 20 highest multiples, 
with similar results for the bottom and top 40 multiples. 
Furthermore, stocks that outperformed the market averages 
are predominantly in the low multiple groups. Nicholson 
also demonstrates that a portfolio rebalanced every decade 
in the observation period to always include the current 20 
lowest multiples would have an appreciation of 14.7 times. The 
same portfolio and rebalancing with the 20 highest multiples 
would have only 4.5 times appreciation. Given this evidence, 
Nicholson posits that low PE stocks show greater long-term 
returns, on average, compared to growth stocks in both capital 
gains and dividends.
 In a subsequent study, Nicholson (1968) continues his 
exploration of PE ratios and returns. The author compares 
stocks with ratios above 20 to those with ratios at or below 10. 
The results indicate that five-year appreciation averaged 90% 
for the low PEs but only 32% for the high PEs. Similar results 
were found over longer periods of six to seven years, and over 
shorter periods of one to four years. These findings reinforce 
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the low PE value investing principle.
 McWilliams (1966) performs a similar analysis of PE 
ratios with applications to portfolio management. Analyzing 
returns of 390 exchange-listed stocks from 1953 through 1964, 
the author concludes that better performance can be obtained 
from portfolios comprised of low PE stocks relative to those 
comprised of high PE stocks. Additionally, high PE portfolios 
consistently underperformed the Dow Jones Industrial 
Average. Although good-performing stocks can be found in 
all PE deciles, McWilliams cautions against investing in high 
PE stocks as there exists significant uncertainty surrounding 
whether such companies can continue growing at expected 
rates.
 Basu (1983) arrives at similar conclusions while also 
controlling for firm size. The author investigates earnings 
yield - that is, the inverse of the PE ratio - and its relationship 
with the returns of NYSE-listed stocks. Examining a period 
between 1963 and 1980, the data indicates that the stocks with 
higher earnings yield and therefore lower PE ratios earned, on 
average, higher risk-adjusted returns than their low earnings 
yield counterparts. The earnings yield effect is significant even 
after controlling for differences in firm size.
 In their 1992 paper, Fama and French acknowledged 
the works of Stattman (1980) and Rosenberg et al. (1985). Both 
works find a positive and significant relationship between 
average returns of American stocks and their book equity-
to-market equity values, an inverse of the PB ratio. Fama and 
French (1992) also cite Chan et al. (1992), who discovered a 
similar positive and significant correlation between Japanese 
stock returns and their book equity-to-market equity ratios. 
Fama and French (1992) themselves find that the relationship 
between earnings yield and abnormal returns is positive, but an 
even stronger relationship exists between book-price ratio and 
abnormal returns.
 In their 1993 work, Fama and French posit that the 
following variables, when used alone, have explanatory power 
on average returns: firm size, earnings yield, and book-to-
market equity. Their results indicate that, on average, smaller 
firms and value firms tend to have better performance. In other 
words, according to the results of Fama and French (1993), one 
can expect superior returns from firms with low PE ratios (the 
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inverse of earnings yield) and low PB ratios (the inverse of 
book-to-market equity).
 Dreman and Berry (1995) examined earnings 
announcements and their effects on returns of stocks with 
different PE ratios. The authors define earnings surprises as 
a difference in absolute value between analysts’ forecasted 
earnings and actual earnings announced. They compared stocks 
in the 80th percentile of highest PE ratios with stocks in the 
20th percentile of highest PE-ratios, and found an asymmetry 
of returns in response to earnings surprises. Between 1973 
and 1993, the low-PE ratio stocks earned market-adjusted 
annualized returns of 7.05% and 5.22% for holding periods 
of one quarter and one year following earnings surprises. 
Meanwhile, the high-PE ratio stocks achieved market-adjusted 
annualized returns of -5.69% and -4.57% for holding periods 
of one quarter and one year following the earnings surprises. 
Above and below-market returns continued for 19 quarters 
following earnings surprises for low- and high-PE ratio stocks. 
The authors conclude that earnings surprises, whether negative 
or positive, favour the long-term returns of value stocks, on 
average. Additionally, the effects are strongest in the surprise 
quarter, but persist throughout a one-year holding period and 
beyond.

 Dreman and Berry (1995) also examine the separate 
effects of positive and negative earnings surprises. For positive 
surprises, wherein the reported earnings are higher than 
expected, the low-PE stocks earned market-adjusted annualized 
returns of 20.05% and 9.39% for holding periods of one 
quarter and one year following earnings surprises. Meanwhile, 
the high-PE stocks earned market-adjusted annualized returns 
of 9.39% and 0.32% for holding periods of one quarter and 
one year following earnings surprises. For negative surprises, 
wherein the reported earnings are lower than expected, the 
low-PE stocks earned market-adjusted annualized returns of 
-4.17% and 0.74% for holding periods of one quarter and one 
year following earnings surprises. Meanwhile, the high-PE 
stocks earned market-adjusted annualized returns of -18.49% 
and -9.54 % for holding periods of one quarter and one year 
following earnings surprises. The authors demonstrate that 
both positive and negative earnings surprises favour the low-
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PE stocks.
 Finally, Dreman and Berry (1995) find that the net 
impacts of earnings surprises are minimal on stocks in the 
middle 60 percent of PE ratios. For all earnings surprises 
(positive and negative), the market-adjusted annualized returns 
for holding periods of one quarter and one year following the 
events are -0.57% and -0.36%. This is the rationale for using 
stocks of average PE and PB ratios as the control group in my 
paper.
 Dreman and Lufkin (1997) incorporate four measures 
of value into their research. The ratios include PE, PCF, PB, 
and PD (price-dividend; the inverse of dividend yield) ratios, 
collectively referred to as the price ratios. The authors report 
that diversified portfolios of stocks with low value ratios have 
returns significantly above the market by approximately 300 
basis points annually. Conversely, diversified portfolios of 
stocks with high value ratios have returns below the market by 
roughly the same amount. Tying all four measures together, the 
authors demonstrate that low price ratio stocks do outperform 
both the market and their high ratio counterparts.
 Dreman (1998) uses findings from his prior works, along 
with insights and research from other scholars and industry 
professionals, to create general observations surrounding 
value investing. Note that “out-of-favour stocks”, “lowest 
value ratio stocks”, “worst stocks”, and “value stocks” are used 
interchangeably here. Note that “in-favour stocks”, “highest 
value ratio stocks”, “best stocks”, “favourites”, and “growth 
stocks” are used interchangeably here. Also note that by 
“analyst error”, Dreman refers to earnings surprise. Dreman’s 
observations are as follows:

1. Take advantage of the high rate of analyst forecast error by 
simply investing in out-of-favour stocks.
2. Positive and negative surprises affect “best” and “worst” stocks 
in a diametrically opposite manner.
3. [Earnings] Surprises, as a group, improve the performance 
of out-of-favour stocks, while impairing the performance of 
favourites.
4. Positive surprises result in major appreciation for out-of-
favour stocks, while having minimal impact on favourites.
5. Negative surprises result in major drops in the price of 
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favourites, while having virtually no impact on out-of-favour 
stocks.
6. The effect of an earnings surprise continues for an extended 
period of time.

 The works cited thus far have demonstrated, 
extensively, that value stocks outperform both the market and 
growth stocks in the long run. Moreover, price ratios seem to 
be better predictors of future return than the Capital Asset 
Pricing Model. Indeed, Fama and French (1993) find little 
relation between beta and average returns of U.S. stocks. 
According to the CAPM, higher beta stocks are supposed to 
provide higher returns, but this is not the case. Dreman (1998), 
citing Basu (1977), quotes “low PE stocks provided superior 
returns, and were also somewhat less risky”. In other words, 
compared to their high PE counterparts, low PE portfolios 
exhibit higher returns but are not associated with higher risk.
 Collectively, these studies advocate for long-term 
investments in value stocks, with periodic portfolio rebalancing 
to always include the stocks with lowest price ratios. Even 
strategies as simple as choosing the lowest PE Dow Jones 
stocks and rebalancing every five years provides higher returns 
than the Dow Jones itself (Dreman, 1998). However, the 
strategies explored by these researchers are applicable only to 
longer-term investors. 
 How might a short-term trader benefit from value 
strategies? This topic has yet to be explored as extensively. Like 
the works cited previously, this paper endeavours to investigate 
the relative performance of value stocks. Building upon 
Dreman’s works on returns and earnings surprises, this paper 
will focus exclusively on whether a disparity in performance 
between value and average stocks can be identified in the short 
run: only 15 trading days after earnings surprises. 

DESIGN

 This paper investigates the cumulative abnormal 
average returns over a 20-trading day event window for 
treatment and control groups.
 The treatment group includes a sample of 32 firms 
reporting earnings in the period of July to August 2022 with 
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PB ratios between zero and two, and PE ratios between zero 
and 10. Firms comprising the treatment group are randomly 
selected from over 300 eligible firms during this period. The 
control group includes a sample of 32 firms reporting earnings 
in the period of July to August 2022 with PB ratios between 
three and five, and PE ratios between 17 and 23. Firms matching 
the control group criteria are much more scarce, resulting in 
the control sample of 32 firms being approximately equal to 
the universe of eligible control stocks in this period, when 
matched on a by-day basis with the treatment group. 
These ratios are chosen such that the treatment group, 
composed of value stocks, has PB and PE ratios at 50% of 
market average at most and zero at minimum. The control 
group, composed of average stocks, have PB and PE ratios 
close to those of the market average. The market averages, 
based on the S&P 500, are approximately four and 20 for PB 
and PE ratios, respectively (NASDAQ, 2022). 
A firm must be listed on either the New York Stock Exchange 
or NASDAQ exchange to be included. A firm must also have 
experienced a surprise in earnings - that is, a difference between 
actual reported earnings and analysts’ consensus forecasted 
earnings. Both positive and negative earnings surprises are 
included.
 To limit the effects of broad-market movements on 
returns of one group but not the other, the chosen firms for both 
groups are matched on a by-day basis, with one exception. For 
example, if the treatment group includes five firms reporting 
on a given day, the control group would also include five firms 
reporting on that same day, and so on.
 Day zero is defined as the earnings reporting date for 
any given firm. The estimation period is defined as day -45 to 
day -5. The event period is defined as day -4 to day 15.
 Daily returns data for all firms are obtained from 
the Compustat Security Daily Close Price accessed via the 
Wharton Database Research Services (WRDS). Daily returns 
are then calculated, for any particular day, as the day’s close 
price divided by the previous day’s close price, minus one. For 
the estimation of a three-factor Beta, daily data is obtained 
from the Fama French 5 Factor section in the WRDS. 
 The Fama French (1993) three-factor regression to 
estimate the Beta of any given firm i, using the daily returns 
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and three-factors data over the estimation period, takes the 
following form:

Where: 
  is stock i’s return on day t,

  is the risk-free rate on day t,

  is the market’s return on day t,

  is the control coefficient for firm size (SMB),

  is the control coefficient for firm book-to-market 
 value (HML), and

  is the error term.

 Using Beta from the previous step, the normal 
(expected) daily return for any given firm i is estimated by the 
Capital Asset Pricing Model:

 Note that the risk-free and market return rates use 
mean values for both variables over the estimation window.
 Abnormal returns for any given firm i on any given day 
t, during the event window, are estimated by subtracting that 
day’s return from the firm’s normal daily return:

 Over the event period, average abnormal returns for 
any given day t is the mean of all abnormal returns for that day. 
Cumulative average abnormal returns for any given day k is the 
cumulative sum of average abnormal returns on that day plus 
all prior days.
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 One potential threat to this research design is the 
presence of firm-specific shocks that may distort results. 
However, given that the firms of both samples vary in size, 
industry, and other characteristics, the threat of firm-specific 
shocks is minimal. Another potential threat is that the 
magnitude of earnings surprises is not considered, such that a 
firm is eligible to be included in its respective group so long as 
it experienced an earnings surprise of any size. The results for 
both groups are shown below (Table 1, Table 2)

Table 1
Regression results for each treatment stock during the estimation period. 
Betas are then used in the Capital Asset Pricing Model to determine 
normal returns for each stock.

Stock

AFL 0.928*
(0.064)

ARW 1.144*
(0.121)

VZ 0.199
(0.104)

CLF 1.869
(0.209)

DCO 0.810*
(0.189)

ALLY 1.717*
(0.129)

RYI 2.018*
(0.296)

IP 0.862*
(0.096)

VSH 0.997*
(0.132)

LCII 0.895*
(0.156)

VHI 1.857*
(0.290)
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ASC 1.215*

(0.309)
SYF 1.606*

(0.212)
CRC 1.181*

(0.236)
UNVR 1.399*

(0.168)
ESTE 1.809*

(0.433)
TTE 1.162*

(0.141)
NEXA 1.847*

(0.293)
SI 2.799*

(0.465)
DFH 0.620

(0.398)
LAD 1.294*

(0.208)
MT 1.620*

(0.183)
NLY 1.018*

(0.167)
GPI 1.136545*

(0.252272)
WCC 1.806*

(0.222)
UBS 1.101*

(0.153)
WAL 1.270*

(0.129)
TX 1.228*

(0.196)
IPI 1.968*

(0.329)
SB 1.070*

(0.294)
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CIVI 1.656*

(0.274)
ASX 1.090*

(0.254)

Table 2
Regression results for each control stock during the estimation period. 
Betas are then used in the Capital Asset Pricing Model to determine 
normal returns for each stock.

Stock

BCE 0.678
(0.109)

CR 0.988
(0.143)

CFR 0.973
(0.107)

CMI 1.064
(0.111)

DOV 0.914
(0.085)

FMC 1.164
(0.117)

FRT 0.897
(0.126)

GD 0.823
(0.110)

HAL 1.700
(0.208)

ITT 1.193
(0.119)

EME 1.027
(0.103)

NSC 0.850
(0.084)

SXT 0.679
(0.119)
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WMB 0.923

(0.171)
SFBS 0.528

(0.124)
CHGG 1.029

(0.323)
ENLC 1.843

(0.206)
GIB 0.672

(0.113)
HLI 0.947

(0.135)
SITE 1.228

(0.161)
KAI 0.977

(0.1509)
GOLF 0.758

(0.162)
ALV 1.511

(0.209)
FIX 1.053

(0.188)
RBA 0.523

(0.276)
GRMN 0.864

(0.095)
ELV 0.612

(0.144)
LDOS 0.813

(0.105)
AWK 0.783

(0.162)
BKI 0.366

(0.121)
GNRC 1.806

(0.250)
WIT 1.019

(0.154)
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RESULTS

 The treatment group achieved higher cumulative 
average abnormal returns over a 20-trading day event window 
than the control group. By the final event period day, the 
treatment group had cumulative average abnormal returns 
of 0.0909 versus 0.0628 for control group. In other words, 
the treatment group achieved 44.75% higher cumulative 
average abnormal returns compared to the control group 
(Figure 1). Hypothesis tests at 5% significance indicate that 
cumulative average abnormal returns for every given date are 
all statistically significant for both groups (Table 3, Table 4).

Figure 1 
The Treatment Group (Red) achieves higher cumulative average 
abnormal returns (CAAR) than the Control Group (Blue)
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Table 3
Statistics for the treatment group – statistically significant cumulative 
average abnormal returns (caar) for any given day are denoted by an 
asterisk (*) and are found by dividing the caar by its standard error 
(se)

Time aar caar
-4 0.011 0.011*

(0.004)
-3 0.008 0.0184*

(0.006)
-2 0.006 0.024*

(0.007)
-1 0.006 0.030*

(0.008)
0 -0.003 0.0276*

(0.009)
1 0.001 0.028*

(0.0103)
2 0.002 0.030*

(0.011)
3 -0.001 0.029*

(0.012)
4 0.004 0.033*

(0.013)
5 0.005 0.038*

(0.013)
6 0.013 0.051*

(0.014)
7 0.003 0.054*

(0.015)
8 0.007 0.061*

(0.015)
9 0.005 0.066*

(0.016)
10 0.011 0.077*

(0.016)
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11 -0.0004 0.077*

(0.017)
12 0.0002 0.077*

(0.017)
13 0.003 0.080*

(0.0177)
14 0.003 0.084*

(0.018)
15 0.007 0.091*

(0.019)

Table 4
Statistics for the control group – statistically significant cumulative 
average abnormal returns (caar) for any given day are denoted by an 
asterisk (*) and are found by dividing the caar by its standard error 
(se)

Time aar caar
-4 0.0104 0.010*

(0.003)
-3 0.006 0.017*

(0.004)
-2 0.002 0.018*

(0.005)
-1 0.008 0.027*

(0.006)
0 -0.004 0.022*

(0.006)
1 0.004 0.027*

(0.007)
2 0.0003 0.027*

(0.007)
3 0.003 0.030*

(0.008)
4 0.005 0.035*

(0.008)
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5 0.005 0.040*

(0.009)
6 0.011 0.051*

(0.009)
7 0.002 0.052*

(0.010)
8 0.003 0.055*

(0.010)
9 -0.003 0.052*

(0.010)
10 0.003 0.056*

(0.011)
11 0.006 0.062*

(0.011)
12 -0.005 0.057*

(0.011)
13 0.0001 0.057*

(0.012)
14 0.001 0.058*

(0.012)
15 0.005 0.063*

(0.012)

 From this, we can arrive at the following implications. 
First, value stocks did produce short-term abnormal returns 
in response to earnings surprises in the second quarter of 
2022. Second, and more importantly, value stocks produce 
higher short-term abnormal returns in response to earnings 
surprises when compared to average stocks in this period. 
During the event window, the S&P 500 was mostly bullish and 
followed a short-term upward trend. Thus, coincident positive 
returns can be expected from most stocks. The results seem 
to be consistent with the existing literature; value stocks will 
outperform non-value stocks following earnings surprises. Had 
the market been bearish during the same event period, we 
would still expect the abnormal returns of value stocks to be 
higher than that of non-value stocks. 
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 One limitation of this study is that, due to time 
constraints, it only investigated one earnings season: the second 
quarter of 2022. Further research could explore abnormal 
returns of value stocks using larger sample sizes and more 
earnings dates – looking at overall abnormal returns during 
all four earnings seasons of a given year, for example. Deeper 
research could look at many, if not all, historical earnings 
seasons and provide aggregated data.
 Nonetheless, a trading strategy may potentially 
be derived from this data. An investor seeking short-term 
abnormal returns could long a portfolio of value stocks during 
an earnings season. The investor may open positions at around 
four trading days before and close the positions at around 15 
trading days after each individual stock’s earnings report. This 
strategy may lead to higher abnormal returns compared to 
portfolios of different compositions. During market up-trends, 
this portfolio may yield higher positive returns. During down-
trends, this portfolio will likely yield lower negative returns 
or even positive returns. Thus, investors may use this strategy 
for short-term capital gains in bullish markets or hedging in 
bearish markets.
 There are limitations to the described strategy. First, 
short-term trading strategies with frequent transactions will 
incur high commission costs. These costs significantly diminish 
total returns over time. Second, there is no evidence that 
following such a strategy will yield higher annualized returns 
versus a more passive value investing strategy, such as buying a 
value portfolio and rebalancing periodically. Further research 
can investigate these limitations.
 One final area for further consideration is a comparison 
of short-term abnormal returns in value versus growth stocks. 
This paper compared value and average stocks since the 
existing literature demonstrates that average stocks serve as 
a control group. If short-term performance continues to be 
consistent with long-term performance results, we may expect 
the difference in short-term abnormal returns between value 
and growth stocks to be even greater than the difference 
between value and average stocks.

CONCLUSION
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 The findings of this paper support the hypothesis that 
value stocks outperform in the short run following earnings 
events. This paper demonstrates that value stocks yield higher 
short-term abnormal returns compared to average stocks 
following earnings surprises in the second quarter of 2022. 
Over a 20-trading day event period, a sample of 32 value stocks 
produced 44.75% higher cumulative average abnormal returns 
compared to a sample of 32 average stocks. The difference, in 
favour of value stocks, is expected to be larger if compared to 
growth stocks. All cumulative average abnormal returns for 
every event day are statistically significant at 5% for both groups. 
 These results provide evidence to support the 
proposition of superior capital returns to value stocks even 
in the short-term. It supplements the rigorous literature 
that has demonstrated, for many decades, that value stocks 
outperform non-value stocks in the long run. As such, taking 
advantage of the previously established high probability of 
analyst error (and therefore earnings surprise) for any given 
earnings event, a potential short-term value trading strategy 
may be explored and developed following further research. 



Derek Situ

ABSTRACT

This paper estimates the effect of self-rated health on weekly 
hours worked. Using National Health Interview Survey data 
from 2015 to 2018, I find that a unit increase in Likert-scale 
self-rated health is predicted to increase weekly hours worked 
by about 5-7 hours for individuals aged 21-67 in the U.S. This 
estimated effect is greater for individuals above the median age 
(45 years) at 6-8 additional hours per unit increase in Likert-
scale self-rated health, and smaller for individuals not above the 
median age, at 3-5 additional hours. Endogeneity is addressed 
with an instrumental variables approach, and results suggest 
that justification bias is outweighed by other forms of bias in 
OLS estimates.

Health And Labour Supply: The 
Effect Of Self-rated Health On 

Hours Worked

ECON 490: Seminar in Applied Economics



IONA Journal of Economics

Health And Labour Supply: The Effect Of Self-rated Health 
On Hours Worked

43
INTRODUCTION

Health is an important consideration in an individual’s 
labour supply decisions. Many economists have studied the 
effect of health on labour force participation (Bound et al. 
1999; Blundell et al. 2017; Cai 2010; Stern 1989), but few have 
studied its effect on hours worked; additionally, when hours 
worked is the focus, endogeneity of health is not deemed an 
issue and is not addressed (Pelkowski and Berger 2004) or U.S. 
data is not used (Cai, Mavromaras, and Oguzoglu 2014). This 
paper aims to estimate the effect of self-rated health on weekly 
hours worked for working-age individuals in the U.S. while 
addressing endogeneity concerns. In particular, I characterize 
the extent to which justification bias affects Ordinary Least 
Squares (OLS) estimates. Only individuals aged 21-67 years are 
considered, as the relation between health and hours worked 
for young children, teens, and the elderly is likely different in 
important ways. Specifically, these groups are likely to work 
relatively few hours regardless of their health status as they are 
less likely to be in the middle of their careers. 

The principal challenge faced by scholars investigating the 
causal impact of health on labour supply is endogeneity. First, 
measurement error is likely to occur when survey respondents 
are asked to rate their own health. Not only are measurements 
unlikely to be consistent across individuals, as respondents 
may rate their health differently despite perceiving their health 
to be at the same level, Crossley and Kennedy (2002) show 
that 28% of respondents report their own health differently 
when asked the same question twice—before and after a set 
of additional health-related questions. Second, respondents 
not working may have psychological or economic incentives to 
report poor health or limitations due to disability, such as guilt, 
shame, or disability benefits (Black et al. 2017). This so-called 
“justification bias” may cause the impact of health on labour 
supply to be over-estimated. A third source of endogeneity 
is simultaneous causation. That is, health may affect labour 
supply, but labour supply may also affect health. The former 
effect is of interest in this study, but the latter would bias our 
estimates if true. Indeed, there are intuitively appealing reasons 
why it may be true. Stern (1989) suggests that boredom or lack 
of activity can possibly cause health deterioration when out of 
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the labour force, as can bad working conditions or stress when 
in the labour force. Long working hours may also contribute to 
health deterioration.

 Endogeneity of self-rated health due to measurement 
error, justification bias, and simultaneous causality is addressed 
by instrumenting self-rated health with objective health 
measures. Objective health measures are thought by many 
researchers to be robust to measurement error and justification 
bias, however Baker, Stabile, and Deri (2004) show that 
objective health measures suffer from the same weaknesses 
using a Canadian sample. While objective health measures 
may themselves be subject to measurement error (including 
measurement error due to justification bias), measurement 
errors in binary instrumental variables (IVs), such as the 
objective health measures in this study, do not bias estimates 
in general (Jiang and Ding 2020). Blundell et al. (2017) note 
that objective health is likely to be unrelated to measurement 
error and justification bias in subjective health measurements, 
while being strongly related to subjective health. This provides 
a theoretical basis for the exclusion restriction and relevance 
condition, suggesting that objective health measures may 
be appropriate instruments for self-rated health. A possible 
mechanism through which the exclusion restriction may be 
violated occurs if justification bias is correlated with obtaining 
diagnoses for objective health measures. Since obtaining 
diagnoses requires effort on the part of the respondent, it is 
possible that they may be more likely to do so only if they have 
to justify low hours worked. Such an IV approach also operates 
under the assumption that the measurement errors affecting 
each of objective and subjective health are uncorrelated.

 In section 2, the existing literature on the subject 
is summarized. Section 3 outlines the methodology used, 
and section 4 presents the results of the analysis. Section 5 
concludes the paper with a summary, interpretation of results, 
study limitations, and avenues for future research.

LITERATURE

Although the impact of health on labour supply has been 
studied, a consensus on the size of the effect and whether 
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endogeneity affects estimates has not been reached. Pelkowski 
and Berger (2004) examine the effect of health problems on 
employment, hourly wages, and annual hours worked using 
the Health and Retirement Study dataset. They use OLS to 
investigate the effects of interest, incorporating fixed effects 
to account for unobserved heterogeneity, and a Heckman 
correction to account for the fact that only employed 
respondents had wage data. The authors perform Hausman 
tests, concluding from the results that endogeneity of health 
due to measurement error and simultaneity is not an issue for 
the equations estimated. They find that poor health leads to a 
reduction in annual hours worked. 

 Cai (2010) examines the effect of self-rated health 
on labour supply using the Household, Income and Labour 
Dynamics in Australia Survey. He tests for endogeneity and 
finds that simultaneous causation and unobserved individual 
fixed effects for females contribute to endogeneity. Cai 
addresses this concern using objective health measures as 
instruments for self-rated health and finds that health has a 
positive and significant effect on labour force participation.

 Blundell et al. (2017) investigate the impact of health on 
employment status for adults near retirement. They compare 
estimates obtained from using U.S. data with estimates 
obtained from using English data, as well as estimates obtained 
from variations in methodology. The authors find that declines 
in health are able to explain between 3% to 15% of the decline 
in employment for adults aged 50 to 70, and that these effects 
are larger in the U.S. than in England. To address measurement 
bias, justification bias, and simultaneity bias, the authors use 
objective health measures as instruments for subjective health, 
and produce similar estimates as those obtained from using 
only one of objective measures or subjective measures. They 
provide empirical and theoretical evidence satisfying the 
exclusion restriction, using the Sargan test and arguing that 
objective health measures are likely robust to measurement 
error and justification bias.

 Stern (1989) estimates the effect of disability on labour 
force participation using data from the Survey of Disability and 
the Health Interview Survey. Using objective health measures 
such as symptoms or diseases as instruments for reported 
disability, he finds that disability is able to explain a significant 
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amount of variation in labour force participation. Three tests of 
endogeneity are performed, which provide only weak evidence 
of endogeneity of disability. Between measurement error, 
justification bias, and simultaneity bias, Stern finds that the 
only form of endogeneity consistent with the data is a specific 
case of simultaneity in which working deteriorates health.

 Bound et al. (1999) analyze the relationship between 
health and labour force transitions such as exits, job changes, 
and applications for disability insurance. Using data from the 
Health and Retirement Survey, the authors find that poor 
health causes many older workers to exit the labour force. 
They describe possible sources of endogeneity of health 
measures which can be categorized under measurement error, 
justification bias, and simultaneous causation.

 This paper provides two primary contributions to the 
health and labour supply literature. First, I provide an estimate 
of the impact of health on hours worked using recent U.S. data. 
Second, I assess whether justification bias has a significant role 
in altering OLS estimates.

METHOD

A. Data

 The dataset used for this study comes from the 2015-
2018 samples of the National Health Interview Survey (NHIS) 
hosted by IPUMS. The NHIS is a nationally representative, 
cross-sectional survey of about 40,000 U.S. individuals. The 
survey is administered annually and provides information on the 
demographics, health status, healthcare utilization, and health-
related behaviours of a sample of the civilian U.S. population. 
Table 1 presents a summary of select variables from the final 
version of the dataset used in the analysis. The explanatory 
variable of interest, self-rated health, is originally available 
as a 5-point Likert-coded response ranging from 1 (Excellent) 
to 5 (Poor). The numbering has been inverted to achieve a 
more intuitive interpretation with greater numbers indicating 
greater self-rated health. The variables corresponding to health 
conditions—arthritis, asthma, chronic obstructive pulmonary 
disease (COPD), smoking (ever smoked 100 cigarettes), 
heart attack, heart condition, hypertension, vision problem, 
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and stroke—are available as binary variables indicating past 
diagnosis, or in the case of smoking, the respondent’s best 
estimate. I include only individuals aged 21-67 and remove 
all individuals missing information, leaving me with 86,293 
observations.

Table 1. Summary of select variables

 The dependent variable, weekly hours worked, is not 
available for respondents reporting unemployed status. The 
value 0 is imputed in such cases. Income is reported for 89% 
of respondents and family income is reported for 79% of 
respondents. The dataset includes five imputed values in place 
of missing income and missing family income responses. The 
Centers for Disease Control and Prevention (2021b) provides 
information on the imputation methodology used. Each 
missing value of income or family income is replaced by the 
mean of the five imputed values. Under the assumption that 
the imputation model is correct, this produces unbiased point 
estimates, but underestimates variability (Centers for Disease 
Control and Prevention 2021b). Table 2 presents counts of 
missing values remaining in the dataset by variable, after 
accounting for imputed values for hours worked1, income, and 
family income.

As seen in Table 2, each of the variables related to 
diagnosis of a health condition have about 121,000 missing 
values. According to the IPUMS NHIS website (Blewett et al. 
2022), responses for these variables are only available for adults 
randomly sampled to respond to the survey on behalf of their 
family. Due to this random availability of health condition 
variables, they are likely missing completely at random. This 
justifies a complete-case analysis, in which all observations 
1 The remaining missing values for hours worked are from participants who 
reported employed status, but refused to answer or reported not knowing the answer.
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with any missing health condition variables are deleted, as the 
method has been shown to be the most appropriate when the 
data is missing completely at random (Zhu 2014). 

Table 2. Summary of missing data

Table 2 shows that the remaining variables have a small 
proportion of their values missing—less than two percent 
in all cases. Given this, and the large size of the sample, the 
bias arising from a complete-case analysis is minimal (Zhu 
2014), so observations with incomplete data for the remaining 
variables are removed. The affected variables are education, 
hours worked per week, two-digit North American Industry 
Classification System (NAICS), employment status, marital 
status, and self-rated health.

 To protect the confidentiality of respondents, top-
coding is used to censor the data. Income is top-coded at 
the 95th percentile of any given year. All income values 
corresponding to the top-coded value are multiplied by 1.4, 
which may result in a rough approximation for the mean 
income at the upper tail of a Pareto distribution. This follows 
a popular convention in the literature used by Card and 
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DiNardo (2002). Top-coded family income is treated similarly 
by multiplying other family members’ combined income by 1.4, 
where other family members’ combined income is calculated 
as the difference between family income and income. Hours 
worked per week is top-coded at 95 hours. The proportion of 
top-coded responses for this variable is small (less than 0.2%), 
and responses are not likely to be much greater than the top-
coded value, which corresponds to almost 14 hours worked 
daily or 19 hours worked per day assuming a five-day work 
week. For these reasons, no adjustment is done for top-coded 
hours worked as the bias introduced is likely to be minimal.

 Other data transformations include an inflation 
adjustment for both income variables, as well as an aggregation 
of responses for the education variable. Income and family 
income are converted to 2009 U.S. dollars by multiplying 
their value with a CPI multiplier included in the dataset. 
Doing so renders the estimated effect of the year variable to 
be statistically insignificant in the regression models, thus it 
is excluded. 22 different valid responses are available for the 
education variable, and these are grouped into four possible 
responses: did not graduate high school/no GED, high school/
GED, bachelor’s/associate’s degree, and graduate/professional 
degree.

B. Empirical Strategy 

 Self-rated health and weekly hours worked are 
modelled as simultaneous equations estimated by two-stage 
least squares. Equations 1 and 2 specify the first stage and 
second stage respectively.

Controls is a vector of controls containing a set of region 
dummies, age, age squared, a sex dummy, inflation-adjusted 
family income, inflation-adjusted income, a marital status 
dummy, number of children, education dummies, and a set of 
2-digit NAICS dummies. Instrument is a vector of dummies 
indicating diagnosis of various health conditions. Three sets of 
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instruments are considered, resulting in three separate models. 
The first set of instruments—which contains diagnosis of 
arthritis, asthma, heart attack, heart condition, and vision 
problems—is constructed to obtain the smallest Sargan test 
statistic in order to appeal to the exclusion restriction. The 
second set of instruments—which contains asthma, COPD, 
and smoking—is constructed to represent conditions related 
to the lungs. The third set of instruments—which contains 
heart attack, heart condition, hypertension, and stroke—
is constructed to represent conditions related to the heart. 
Estimates obtained from using different sets of instruments 
are compared to evaluate sensitivity of results.

For all three models, empirical tests of the relevance 
condition and the exclusion restriction are evaluated. 
Instrument relevance is tested by F-tests with the instruments 
excluded, and the exclusion restriction is tested by Sargan 
tests. However, the validity of the Sargan test for testing the 
exclusion restriction depends on the homogeneity of effects 
identified from each of the individual instruments (Angrist and 
Imbens 1995; Blundell et al. 2017). Furthermore, Lemieux (2019) 
remarks that in the case of heterogenous effects, rejection of 
the null hypothesis indicates the presence of heterogeneity 
in treatment effects as opposed to the lack of validity of one 
of the instruments. Therefore, the results of the Sargan tests 
should be interpreted with caution.

The set of instruments related to heart conditions may 
have a stronger theoretical basis for satisfying the exclusion 
restriction than the other sets of instruments. This is because 
they either relate to one-off shocks rather than long-term 
conditions that individuals base their decision to supply labour 
on; or in the case of hypertension, to a condition that usually 
has no symptoms (Centers for Disease Control and Prevention 
2021a), and thus no direct reason to affect labour supply 
decisions.

 Joint significance of sets of dummies for the categorical 
control variables (region, education, and NAICS) is evaluated 
by F-tests at the 5% significance level, and all control variables 

1 Roth and Slotwinski attribute this to the lack of high-quality administrative data 
on relative incomes, particularly for women.
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with insignificant effects are removed from the final models 
presented. Notably, the year variable is excluded as a control, 
since its estimated effect is insignificant after adjusting income 
and family income for inflation. Hausman tests are conducted 
to test endogeneity of self-rated health, and OLS estimates are 
compared with IV estimates.

To identify potential differences in the effect of self-
rated health for different ages, OLS estimates and estimates 
for the second-stage regressions of the three IV models are 
re-calculated using subsets of the dataset. One subset consists 
of respondents who are at most the median age (45 years) and 
the other subset consists of respondents over the median age.

RESULTS

 Results from the regression analysis of the whole 
dataset are presented in Table 3. Estimates from the reduced 
form regressions of all three models show that diagnosis of 
any of the health conditions is associated with a reduction in 
hours worked. The estimated coefficients from the first-stage 
regressions show that diagnosis of any of the health conditions 
reduces predicted self-rated health, and the estimated intercepts 
show that self-rated health is predicted to be about 4.8 out of 
5 in the absence of health conditions and with controls set to 
their reference level. The second-stage regressions of all three 
models show that a unit increase in Likert-scale self-rated 
health is predicted to increase weekly hours worked by about 
5-7 hours; the estimates do not vary greatly depending on the 
instruments used. The estimated coefficient from the model 
with lung-related conditions as instruments is the greatest of 
the three at 7.13. The relatively large estimated effect appears 
mostly driven by the effect of diagnosis of a COPD, which can 
be observed in the reduced form and first-stage regressions. 
This is contrasted with the estimated coefficient from the 
model with heart-related conditions as instruments, which is 
the least of the three, at 5.23.

 Test statistics for the Hausman tests and instrument 
relevance F-tests are presented at the bottom of Table 3. 
For all models, the null hypothesis that the instruments are 
weak is rejected at 1% significance, providing evidence for 
instrument relevance. From the Hausman test statistics, the 
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null hypothesis that self-rated health is exogenous is rejected 
at 1% significance for all models. This provides evidence that 
the IV estimates shown perform better than the OLS estimate. 
The OLS estimate is considerably less than the IV estimates, 
suggesting that the overall bias is negative.

Table 3. Regression results: Whole dataset

Table 4. Young vs. old population - OLS and Stage 2 regression results
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Sargan test statistics are presented at the bottom of 

Table 3. The null hypothesis that the instruments satisfy the 
exclusion restriction(2) is not rejected at the 10% significance 
level only for the first IV model. For the models with lung-
related and heart-related instruments, the null hypothesis of 
the Sargan test is rejected at the 1% level. Thus, the instruments 
constructed to perform best in the Sargan test may have 
the strongest empirical appeal for satisfying the exclusion 
restriction. Furthermore, it is worth noting again that in the 
case of heterogenous effects, rejection of the Sargan test null 
hypothesis is an indication of heterogenous effects rather than 
a violation of the exclusion restriction. Thus, the results of the 
Sargan test should be considered with caution.

 Table 4 presents estimates of the second-stage 
regressions for the three models, as well as OLS estimates, 
when modelling young respondents (at most 45 years of age) 
independently of old respondents (over 45 years of age). 
Depending on the instruments used, the estimated effect for 
young respondents ranges from 3.48 to 4.59 additional weekly 
hours per unit increase in Likert-scale self-rated health. 
For old respondents, the estimated effect ranges from 5.75 
to 8.17—considerably greater than for young respondents. 
The OLS estimates for each subset are less than their IV 
counterparts, suggesting that the overall OLS bias is negative 
for both groups.

Under the assumptions of instrument relevance and 
instrument exogeneity, which are shown to have merit 
empirically and theoretically, interpretation of the estimated 
effect as causal is justified. Concerns of measurement error, 
justification bias, and simultaneity bias are addressed through 
the use of objective health measures as instruments for 
subjective health, making it possible to identify the effect of 
interest.

CONCLUSION

In this paper, the causal effect of self-rated health on weekly 
hours worked was estimated using National Health Interview 
Survey data from 2015 to 2018. Empirical tests suggested that 
the relationship was endogenous, and primary sources of 
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endogeneity were likely to be measurement error, justification 
bias, and simultaneity bias. Endogeneity was addressed using 
a simultaneous equations model, instrumenting self-rated 
health with objective health measures. From a theoretical 
point of view, the objective health measures were likely robust 
to measurement error and justification bias, while being 
highly correlated with self-rated health, making them suitable 
instruments. Empirical tests confirmed instrument relevance, 
and provided evidence that the exclusion restriction was met 
for at least the first set of instruments presented. Failure of 
the empirical tests of the exclusion restriction for lung-related 
instruments and heart-related instruments did not necessarily 
indicate violation of the exclusion restriction, as heterogeneity 
of effects identified from individual instruments may have 
been the cause (Angrist and Imbens 1995; Blundell et al. 2017, 
Lemieux 2019). Instruments related to heart conditions may 
have had the strongest theoretical basis for satisfying the 
exclusion restriction.

A unit increase in Likert-scale self-rated health was 
predicted to increase weekly hours worked by about 5-7 hours, 
using data from respondents aged 21-67 years. This estimate 
was smaller for respondents of at most 45 years old (the 
median age in the sample) at about 3-4 hours. It was larger for 
respondents above the median age, at about 6-8 hours. This 
may have been observed because older individuals (especially 
those near retirement) may prioritize rest more than younger 
individuals in the middle of their careers, who may instead 
feel more incentivized to work despite poor health in order to 
advance in their careers, maintain relations with employers, or 
save money for retirement.

 Although the effect of self-rated health driven by 
diagnosis of a COPD in particular was relatively large, the 
choice of instruments used did not affect the estimates greatly. 
IV estimates as a whole were greater than OLS estimates, 
suggesting that the OLS bias was negative. As justification bias 
is likely to bias estimates upwards, it may have been dominated 
by other forms of bias.

 The findings of this study are limited by several factors. 
First, endogeneity of self-rated health is commonly addressed 
in health and labour supply literature using simultaneous 
equations models, but convincing intuitive arguments that the 
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exclusion restriction is satisfied are rare. Most authors, myself 
included, use Sargan tests and explanations that objective 
health is unrelated to measurement error and justification 
bias (Blundell et al. 2017; Cai 2010), but ignore the possible 
direct causality between health conditions and labour supply. 
Second, it is conceivable that controlling for lagged health, 
lagged hours worked, or unobserved heterogeneity may alter 
estimates, so cross-sectional estimates such as those presented 
in this paper may be biased (Blundell et al. 2017). Reverse 
causality may contribute to this bias. Availability of panel data 
can allow future studies to control for lagged conditions and 
unobserved time-invariant characteristics of individuals, and 
offer protection against bias introduced by reverse causality, 
as long as the panel model is appropriately specified (Blundell 
et al. 2017; Leszczensky and Wolbring 2022). Third, the linear 
regression methods used in this study implicitly assume equal 
intervals between response options for Likert-scale self-rated 
health. That is, they assume for example that the increment 
from 1 (Poor) to 2 (Fair) is the same as the increment from 4 
(Very good) to 5 (Excellent). Liddell and Kruschke (2018) note 
that while such metric models are routinely used to analyse 
Likert-scale data, this practice can lead to misinterpretations 
of the data, as the intervals between response options may not 
be equal in practice. Future design-based research on health 
should consider using binary measures of health or ordinal 
models, which do not rely on the assumption of equal intervals.
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INTRODUCTION

 Online retail is becoming increasingly prevalent 
in people’s everyday life and is contributing a substantial 
portion to business revenue. In the United States, sales from 
e-commerce were $871 billion in 2021 and have been growing 
at 16% on average since 2011 (Wang, 2022). Online retail sales 
share out of total retail sales increased from 16% to 19% in 2020 
due to Covid-19, further signifying the increasing importance 
of online retail (UNCTAD, 2021). Therefore, it is vital for 
businesses to understand the mechanisms behind consumers’ 
online purchasing decisions in order to boost their online 
sales. Implemented as a common feature on most, if not all, 
of the e-commerce platforms globally, the consumer reviews 
feature has played a key role in helping consumers make buying 
decisions and in helping sellers increase online sales (Chen et 
al., 2022).
 Many pieces of literature have proven the impact of 
consumer reviews on product sales. Research conducted by 
Consumer Focus finds that consumers commonly rely on 
others’ reviews to guide their purchasing decisions (OECD, 
2019). An analysis by Ahsan (2017) shows the correlation 
between consumer reviews and product sales. Sun et al. 
(2021) find that online reviews have a stronger influence on 
high-quality sellers than on low-quality sellers. Chevalier and 
Mayzlin (2006) analyze the data of books sold on Amazon 
and discover that an increase in a book’s reviews leads to an 
increase in the relative number of sales for the site, and that 
one-star reviews have a greater impact than five-star reviews 
in most cases. For e-commerce in the fashion industry, Lohse, 
Kemper and Brettel (2017) find that positive online reviews 
have a greater impact on products with higher involvement. 
In the video games industry, Zhu and Zhang (2010) find that 
online reviews have a larger impact on less popular games. 
 However, several pieces of literature show different 
findings. In contrast to Sun et al. (2021)’s findings, Lohse, 
Kemper and Brettel (2017)’s study indicates that online reviews, 
both positive and negative, have a greater impact on weaker 
brands. Duan, Gu and Whinston (2008) show that ratings do 
not have a significant impact on movies’ box office revenues. 
Chen, Wu and Yoon (2004) do not find product sales to be 
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related to consumer ratings; however, they do find a positive 
association between sales and the number of reviews. Kim and 
Kim (2022) find that star ratings have an inverted U-shaped 
relationship with product sales; their results also show a 
positive relationship between rating volume and product sales. 
 Within this literature, there has been relatively little 
focus on the impact of customer reviews on product sales for 
video game products specifically. This paper will add value to 
the current literature by using video games data from Amazon. 
The hypothesis is that consumer reviews, especially ratings, 
will have an impact on product Best Sellers Rank (BSR), a rank 
that indicates how well a product is selling in the most recent 
period of time: a higher overall rating of a product will lead to 
a smaller product BSR, or higher product sales. A lower BSR 
implies a greater number of sales. 
 The data used in the analysis is obtained from the 
Amazon Review Data (2018) database which records product 
information and reviews information up until October 2018 
(Ni, Li and McAuley, 2019). To explore the impact of consumer 
reviews on product sales, each product’s number of sales is 
estimated by its Best Sellers Rank (BSR). 
 This paper applies natural language processing (NLP), 
a machine-learning technique which uses computers to study 
human language. A sentiment score is assigned to each review 
text using NLP, which measures how positive or how negative 
each review sounds to humans in a quantitative way. The 
empirical model evaluates the impact of each product’s overall 
review sentiment on product sales. Not much literature in the 
research field uses this technique, and this paper adds value to 
the research area by using evidence from NLP. 
 In October 2016, Amazon banned incentivized reviews, 
which is an important milestone in its review system history. 
Before the ban, consumers were allowed to write reviews for 
products they purchased in exchange for a discounted or free 
product from product vendors. The original intention of this 
was to increase the frequency of ”honest” feedback such that 
consumers could get more product information from the 
reviews. However, research shows that incentivized reviews 
give generally higher ratings, which distorts the original 
purpose of the program (ReviewMeta, 2016). Amazon banned 
this program to increase review fairness, and this event is taken 
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into account in the analysis. The results indicate that review 
features indeed have an impact on product BSR: the mean 
rating of reviews after the ban of incentivized reviews, total 
number of reviews, percentage of verified reviews, percentage 
of reviews after the ban, and the total number of review images 
together have the power to explain 30.1% of the variance in 
product BSR. All variables, except the percentage of reviews 
after the ban, have negative effects on product BSR: higher 
values in these variables leads to a lower BSR and hence, a 
higher product sales. The mean rating of reviews after the 
ban has the largest impact among all of the review features, 
providing support for my hypothesis
 The empirical model is made more robust by 
conducting heterogeneity tests, where the impact of product 
features, such as brand popularity and number of product 
images, on product BSR are assessed in addition to review 
features. Product features are shown to have an impact on 
product sales, but the impact is smaller than the impact of 
consumer ratings. Higher product prices leads to lower sales, 
which partially explains vendors’ motivation behind applying 
discounts on product prices. 
 The findings contribute to the existing literature by 
adding one more piece of evidence that consumer reviews 
indeed have an impact on product sales particularly for video 
game products. This suggests that businesses should pay 
attention to consumer reviews and react to consumer feedback 
promptly, since accumulating too many negative reviews in a 
recent period of time will likely affect the sales of a product 
negatively, which reduces business sales revenue for that 
period. 
 By understanding the factors that impact video game 
product sales, businesses in the video games industry can 
improve their business strategies. According to an online 
survey by Statista in 2022, 60% of video gamers in the United 
States are under the age of 34 (Clement, 2022b). As video 
game users are mostly young people, the finding of this paper 
can also partially imply how consumer reviews play a role 
in young people’s purchasing decisions. Hence, businesses 
in other industries whose main retail platform is online and 
whose consumer age group skews young can also modify their 
business strategies based on the results of this paper. 
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 The rest of the paper is structured as follows. Section 
I reviews past literature and provides background on Amazon’s 
ranking system and its reviews system. Section II describes 
the data. Section III describes the empirical methodologies. 
Section IV presents the results. Section V discusses the 
findings. Finally, section VI concludes the entire paper and 
provides related implications. 

BACKGROUND

A. Amazon Ranking System 

Every product sold on Amazon is assigned a Best Sellers Rank 
(BSR) after it achieves one sale, and a lower BSR indicates 
higher sales. Each product can have multiple BSRs under 
different category levels. For instance, a product can hold a 
rank of 100 in the overarching video games category and a 
rank of 50 in the more specific PC games sub-category within 
the video games domain simultaneously. BSR is updated every 
hour and is largely based on a product’s current sales tendency 
and its historical sales volume (Connolly, 2022). 

Each product is also assigned an organic ranking, which is the 
rank it gets on Amazon’s search engine results pages (SERP). A 
product’s organic ranking does not necessarily reflect its BSR 
and its BSR does not necessarily reflect its organic ranking 
(Connolly, 2022). 

B. Amazon Reviews System
 

 Amazon has maintained a consumer reviews system 
since its inception. A few major changes happened to the reviews 
system before the latest date of the datasets used in this paper 
(October 2018), which includes the prohibition of incentivized 
reviews, the launch of the Early Reviewer Program, and the 
deactivation of a large number of accounts that are suspected 
members of underground review communities. 
 Although Amazon has long been prohibiting businesses 
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to pay for fake reviews, it allowed incentivized reviews, where 
businesses offer free or discounted products to consumers 
to get ”honest” feedback, until this was banned in October 
2016 (Perez, 2016). For incentivized reviews, reviewers write 
reviews of a product and in turn receive a large discount or 
free product from the vendor; all they need to do is disclose 
their affiliation with the vendors when writing the reviews. 
Although the original purpose of incentivized reviews was 
to encourage consumers to write truthful reviews that help 
other consumers make their purchasing decisions, in reality, 
incentivized reviews have been significantly biased toward 
higher ratings. An analysis conducted by ReviewMeta (2016) 
based on 7 million reviews observes that incentivized review 
texts are less critical than non-incentivized review texts, and 
incentivized ratings on average are 0.38 stars (out of 5 stars) 
higher than non-incentivized ratings, which strongly favors the 
vendors. By removing incentivized reviews, the reviews will 
likely reflect more honest opinions. 
 In February 2017, Amazon introduced the Early 
Reviewer Program, where shoppers are encouraged to write 
product reviews by receiving low-value gift cards in exchange 
(Masters, 2021). Unlike the incentivized review feature that 
was banned in October 2016, this program is only applicable to 
products with less than 5 reviews. This helps products with low 
sales to attract more customers by providing minimal consumer 
reviews, which mitigates the crackdown that the October 2016 
policy change brought to the Amazon reviews system. 
 In April 2018, Amazon deactivated a large number of 
customer accounts that used the marketplace for commercial 
purposes. This was in effort to reduce underground reviews 
after the ban on incentivized reviews and make consumer 
reviews more credible. 
It is important to account for the above changes in the 
analysis, as the removal of incentivized reviews could make 
reviews written after October 2016 more trustworthy to 
some consumers. Yet it is also important to keep in mind that 
incentivized reviews still exist after the ban under the table. 
 In addition, it is necessary to understand how product 
star rating is calculated. Amazon uses machine learning 
algorithms to detect fake reviews, and only authentic and 
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verified1 review ratings are used in calculating the star rating. 
Furthermore, more recent reviews are given more weight 
(Amazon, n.d.). Hence, the product star rating is different 
from the simple mean of all consumer ratings. 

DATA 

A. Data Sources 

 As an e-commerce giant, Amazon earned almost $470 
billion USD in its net sales revenue in 2021, which makes it 
a good e-commerce platform to study (Coppola, 2022). This 
paper uses the Amazon Review Data (2018) provided by Ni, 
Li and McAuley (2019), which records reviews and product 
data on Amazon from May 1996 to October 2018. Amongst 
the 29 categories in the entire dataset, the video games 
category comprises 1.12% of all reviews and 0.56% of all 
products. Although it is not one of the largest categories in 
terms of review and product volumes on Amazon, Amazon 
is the most popular platform on which to purchase video 
games. According to the 2022 Statista Global Consumer 
Survey, a multi-selection survey, 44% of the 4,561 U.S. video 
gamers who have purchased digital video games made their 
purchases on Amazon within the past 12 months (Kunst, 2022). 
Furthermore, there are approximately 1.5 million reviews and 
40,000 products available, which ensures that the sample size 
is large enough for analysis. Hence, it is convincing to analyze 
video game products and review data using data from Amazon 
even though the category does not make up a large portion of 
Amazon’s overall product and review database. Lastly, Amazon 
has been an online seller from the very beginning and has 
always been online up until today, which eliminates the impact 
of store factors on product sales as well as the substitution 
effect between online sales and in-store sales. 
 Using data from the Amazon platform only removes 
e-commerce platform heterogeneity, since the user interface 
varies between different platforms, which may highlight 
different aspects of consumer reviews and result in different 
consumer purchasing decisions. In addition, different 
platforms also calculate product star ratings differently, which 
makes it hard to analyze the impact of star ratings on product 
1 If a purchase is unverified, one needs to include more details in review texts for 
the review rating to get included in the star rating calculation
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sales. Thus, it is the best choice to analyze data from just one 
platform. 
 Conducting analysis on video game data exclusively 
removes product category heterogeneity, since people’s 
purchasing decisions can vary amongst different categories of 
products. For instance, consumer reviews may be less important 
to some consumers for necessities and/or very cheap products. 
Video games are not necessities, and their price range is also 
relatively small, which reduces heterogeneity. 
 This paper uses two datasets from the Amazon 
Review Data (2018). One dataset contains consumer reviews 
and the other contains product information; both datasets 
focus specifically on the category of video games and record 
information up until October 2018 (Ni, Li and McAuley, 
2019). The two datasets are linked together by ASIN, Amazon 
Standard Identification Number which is assigned uniquely to 
each Amazon product. 
 The product data specifies the characteristics of each 
Amazon product under the video games category and includes 
information on product ASIN, name, price, brand, categories, 
BSR at different category levels, details, descriptions, technical 
specifications, images, high-resolution images, and other 
relevant products. 
 The reviews data specifies the details of each review 
of the products under the video games category and includes 
information on product ASIN, rating out of 5 stars, reviewer 
ID, review time, review summary, review text, whether 
the review is verified, number of votes, style of the product 
purchased, and images attached to the review. 

B. Data Construction 

 15.22% of the product dataset are duplicate data, 
meaning that some products are recorded multiple times; 
these duplicates are removed. Products without a single review 
are also excluded. Products under accessories or console sub 
categories are excluded as the sales of accessories and consoles 
can be different from video games. Only the products that 
have a BSR at video games level are retained to ensure that the 
sales of all products in the analysis are compared at the same 
level. The above actions (including the removal of duplicates) 
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remove 44,829 of 84,819 (52.85%) data points from the original 
product dataset, leaving approximately 40,000 data points 
remaining for analysis. 
 For the reviews data, 1,079,485 of 2,565,349 (42.08%) 
data points are excluded after removing reviews of products 
that are under accessories or console subcategories or do not 
have a rank in the video games level, leaving approximately 1.5 
million data points remaining for analysis. 
 As summarized in Table 1, although the data cleaning 
process has removed a significant amount of data points from 
the original datasets, the process ensures that the final data 
to be used in the empirical model is clean, high-quality and 
more homogeneous. Moreover, the final data is still large in 
size despite the large exclusion of data points in percentage, 
hence the analysis based on the final data is still credible.

 Natural language processing, a field of machine learning 
which focuses on linguistics, is used to analyze the sentiment 
of each review text in a quantitative way. This paper uses 
VADER (Valence Aware Dictionary for Sentiment Reasoning), 
a text sentiment analysis model that breaks down sentences 
into individual words and analyzes the lexical features of 
each word based on their semantics and suppositions in the 
sentence (Bajaj, 2021). Lexical features include sentiment 
polarity (positive, negative, or neutral) and sentiment intensity. 
The lexical features of individual words are combined together 
to produce an overall sentiment indicator of the texts. Each 
text is assigned a sentiment intensity score that ranges from 
−1 to 1, where a positive score indicates a positive valence, a 
negative score indicates a negative valence, and a score of 0 
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indicates neutral sentiment. The larger the magnitude of the 
sentiment score, the stronger the text is toward that valence; a 
sentiment score of 1 indicates absolutely positive sentiment and 
a sentiment score of −1 indicates absolutely negative sentiment. 
This paper uses the Natural Language Processing Tool Kit 
(NLTK) library in Python to perform sentiment analysis to 
each review text. The sentiment score not only quantifies the 
emotion of each review text, but also serves as an alternative 
measurement to review rating when analyzing the impact of 
reviews on product sales.
 The Unscaled Section of Table 2 shows the summary 
statistics of the product features, aggregate review features, 
and product Best Sellers Rank at the video games level. 
Reviews features are aggregated by product ASIN; features 
include mean rating (MeanRating), mean sentiment intensity 
score (MeanSentiment), number of reviews (NumReviews), 
percentage of verified reviews (VerifiedPercentage), 
percentage of reviews after the ban of incentivized reviews 
(AfterBanPercentage), and total number of review images 
(TotalNumReviewImages). In addition, the meaning rating/
sentiment score of verified reviews, of reviews after the ban of 
incentivized reviews, and of verified reviews after the ban, are 
also computed to serve as alternative mean rating/sentiment 
values; this is because they may have a stronger impact on 
BSR than the rating/sentiment of all reviews. If, for instance, a 
product does not have any reviews that are written after the ban 
of incentivized reviews (October 1, 2016), then that product 
has a mean after-the-ban rating (MeanAfterBanRating) of 0. 
Product features include brand popularity (BrandPopularity), 
number of images (NumImages), number of high-resolution 
images (NumHighResImages), number of details (NumDetails), 
length of product description (DescriptionLength), and length 
of product feature description (FeatureLength). The popularity 
of product brand is calculated as the number of occurrences 
that each brand appears in the entire product dataset. For 
instance, if 20 out of the 39,990 products belong to the brand 
ABC, then each product under that brand is assigned a brand 
popularity of 20. 
 Product BSR at video games level serves as the 
dependent variable for the empirical model in Section III, 
and the aggregate review features are the independent 
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variables. Product features such as brand popularity are used in 
heterogeneity tests to increase model robustness. 

C. Sample Description 

 Table 3 describes the rating distribution of the entire 
sample, verified vs. unverified purchases, as well as before vs. 
after the ban of incentivized reviews (October 1, 2016). The 
first four groups, as shown in columns (1) to (4) in the table, all 
follow the same rating distribution where 5-star rating reviews 
comprise the largest portion of the sample, followed by 4-star, 
1-star, 3-star, and last 2-star ratings. The only exception is the 
sample of reviews after the ban of incentivized reviews, as 
indicated by column (5) in the table, whose 1-star ratings make 
up a larger portion than 4-star ratings. Rating distribution has 
become more extreme after the ban on incentivized reviews, 
where the proportion of 5-star and 1-star ratings both increased 
compared to before the ban. Verified reviews comprise a larger 
percentage of 5-star ratings and a smaller percentage of 1-star 
ratings than unverified reviews. 
 Figure 1 shows the relationship between the mean 
rating and number of reviews of each product after dividing 
products based on their verification status.
 For products with less than ~ 300 reviews, review 
verification status does not play an important role in their mean 
rating. For products with a large number of reviews, verified 
reviews tend to lead to a higher mean rating. This suggests a 
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possibility to incorporate the combined effects of verification 
status and the number of reviews into the empirical analysis. 
 Figure 2 displays the distribution of sentiment intensity 
score of each review, grouped by review ratings. In general, 
sentiment score and rating show a positive correlation with 
each other. This correlation is stronger for lower ratings. On 
the other hand, sentiment scores show a similar distribution for 
4-star and 5- star ratings, and it does not necessarily reflect the 
review rating. For instance, some reviewers show very negative 
sentiments in the review texts, yet give a 4- or 5-star rating at 
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the same time. This can be explained by the inaccuracy of the 
sentiment analyzer (e.g.: the analyzer fails to detect sarcasm 
in the reviews) and/or the personality of reviewers (e.g.: some 
people tend to not give a low rating despite dissatisfaction with 
products). The above observations suggest that sentiment 
scores can be considered as an alternative variable for product 
rating. Although it has a positive correlation with review rating, 
the correlation is far from perfect; it might have a larger impact 
on BSR than product rating, which makes it worth comparing 
the impact of these two metrics, holding all else constant. 

 Figure 3 shows the distribution of mean rating of all 
reviews, mean rating of all verified reviews, mean rating of all 
reviews after the ban of incentivized reviews, and mean rating 
of all verified reviews after the ban of incentivized reviews, all 
aggregated by product. Compared to the mean rating of all 
reviews, the mean rating of verified reviews shows a similar 
distribution, but the mean rating of reviews after the ban on 
incentivized reviews and that of verified reviews after the ban 
show a very different distribution, where the 75th percentile 
values are similar, but the median and the 25th percentile values 
are very low. This is because a large number of products do not 
have any reviews written after the ban of incentivized reviews, 
which results in their mean rating being 0 when conditioned on 
the reviews after the ban. As alternative means show different 
distributions from the simple mean of all reviews, it is worth 
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testing which mean value impacts BSR the most. 

EMPIRICAL METHODOLOGY

 This paper uses OLS regression models to estimate the 
impact of a product’s aggregate consumer review features, such 
as mean rating and total number of reviews, on its Best Sellers 
Rank (BSR) at the video games level. 
 The exact number of sales of a product is only available 
to the product vendor and is unavailable to the public. Hence, 
a proxy is needed for the product number of sales and it needs 
to be publicly available. Product Best Sellers Rank (BSR) 
serves as a good proxy, since BSR is publicly available under 
each product’s Product Details section, is recorded in the 
datasets, and is determined largely by a product’s current sales 
trend (Connolly, 2022). Several websites provide calculators 
that estimate the number of sales of an Amazon product based 
on its BSR at different category levels (Jungle Scout, n.d.). 
Unfortunately, these services are costly, hence product sales are 
estimated using product BSR, and in particular, using product 
BSR at the video games level. This ensures that the products 
are compared at the same level. 
 An advantage of using data from video game products 
is that it has a small number of returning consumers. Unlike 
grocery products such as tissue paper, video games are likely 
to be purchased once only for each consumer, which reduces 
the probability that a product’s sales are constantly from the 
same group of repeat consumers without new consumers. 
Having repeat consumers can underestimate the impact of 
reviews on product sales, since repeat consumers will likely 
purchase products based on their user experience rather 
than other people’s reviews. As video game products have a 
lower probability of getting repeat consumers, the impact of 
consumer reviews is likely not decreased by them. 

A. Basic Model Setup 

The general linear regression model is as follows: 
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where BSRp is the dependent variable which indicates the BSR 
of product p at video games level, Featurerp is the aggregate 
value for product p for review feature r (e.g.: mean rating, mean 
sentiment of verified reviews, number of reviews, percentage 
of verified reviews, etc.),  is the coefficient of Featurerp, and  

 is the error term. 
 A lower BSR represents a higher number of sales, 
hence a very negative coefficient would indicate a large positive 
impact on the number of sales of a product. The hypothesis is 
that rating or sentiment will have a positive impact on product 
sales, meaning that their coefficients are hypothesized to be 
negative. 
 Values for Featurerp are standardized so that all of them 
share the same mean. This allows one to identify the aggregate 
review feature that has the largest impact on BSRp, which is 
the Featurerp with the largest magnitude of the coefficients. 
In this model, all independent variables are standardized so 
that they share the same mean value of 100. Table 2 shows 
description of Featurerp variables and their summary statistics 
before and after the standardization; summary statistics 
before the standardization are under the Unscaled columns 
and summary statistics after the standardization are under the 
Scaled columns.

B. Heterogeneity Model Setup 

 This section explores heterogeneous factors that 
might have an impact on BSR by testing the effects of product 
attributes. The causal relationship between reviews and product 
sales is complex and can be influenced by different factors. By 
including various proxies for a product’s quality (e.g.: product 
details, images, etc.), the model might get an estimate that is 
closer to the causal effect of reviews. The regression equation 
after adding heterogeneous factors is as follows: 
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where Featurerp is the value of product p’s product feature a 
(e.g.: number of images, brand popularity, etc.), and  is the 
coefficient of Featurerp. Again, all of Featurerp and Featureap are 
standardized so that they all share the same mean (100 for this 
model), to assess the variable with the largest impact on BSRp. 
The summary statistics of the variables are again shown in 
Table 2. 

C. Multicollinearity and Variable Selection 

 OLS Technique requires variables to have no perfect 
multicollinearity since it will result in a large variance in the 
results. Hence, correlation and multicollinearity tests are 
conducted before determining the independent variables used 
in both the basic model and heterogeneity model. 
 First, the correlations between different variables are 
computed to detect pair wise collinearity. The correlation 
matrix in absolute values is shown in Figure 4. A larger absolute 
correlation coefficient (cells with darker backgrounds) 
indicates a stronger pairwise correlation, and a smaller absolute 
correlation coefficient (cells with lighter backgrounds) indicates 
a weaker pairwise correlation. 
 Most of the pairs are weakly correlated to each other, 
and most variables do not show a strong correlation to BSR 
(RankVideoGames in the heatmap). The mean rating of reviews 
after the ban of incentivized reviews (MeanAfterBanRating 
in the heatmap) is moderately correlated to BSR with an 
absolute correlation of 0.5, holds a stronger correlation 
strength compared to the mean of all ratings (MeanRating in 
the heatmap), and is in fact the variable with the strongest 
correlation to BSR out of all the variables. This suggests that 
the mean rating for reviews after the ban will likely fit the 
model better than the mean rating for all reviews. 
 Some pairs show a very strong correlation. For instance, 
a product’s number of images (NumImages) and number of 
high-resolution images (NumHighRes− Images have an absolute 
correlation of 1. This suggests that the two variables should not 
be included in the same model simultaneously. 
 Multicollinearity checks are also performed to ensure 
the independent variables selected for the model show limited 
multicollinearity. Variance inflation factors (VIF) are used to 
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measure multicollinearity. A VIF greater than 10 indicates 
strong multicollinearity, and at least one variable needs to be 
removed from the list of independent variables to ensure that 
the OLS assumption is satisfied.

 The results of multicollinearity tests of variables are 
shown in Table 4. In Table (a), MeanRating has a VIF larger 
than 10, which indicates strong multicollinearity between the 
set of variables. After removing MeanSentiment, the VIF of the 
rest of the variables are shown in Table (b); no VIF exceeds 10, 
which suggests limited multicollinearity between the variables, 
hence these variables can be used in the same regression model 
simultaneously. 
 Both the pairwise correlation and multicollinearity 
tests are performed based on non-standardized data, and 
only the regression model uses standardized data (i.e.: all 
independent variables are standardized to a mean value of 100 
and the dependent variable stays unchanged). 



IONA Journal of Economics

74

The Impact of Consumer Reviews on Product Sales: Evidence 
from Video Game Products on Amazon

RESULTS

 Multicollinearity tests are performed over different 
combinations of variables and models that regress on those 
combinations are compared against each other in terms of R2. 

A. Basic Model 

The review features of a product include its total number of 
reviews, percentage of verified reviews, percentage of reviews 
after the ban on incentivized reviews, total number of review 
images, as well as an overall rating/sentiment score. The choice 
of the overall rating/sentiment score is one of the mean value 
(rating or sentiment) of all reviews, mean value of all verified 
reviews, mean value of all reviews after the ban, and mean value 
of all verified reviews after the ban. 

 
 The regression model that achieves the highest R2 
consists of the following independent variables: total number of 
reviews, percentage of verified reviews, percentage of reviews 
after the ban of incentivized reviews, total number of review 
images, and mean rating of all reviews after the ban. Compared 
to the most ordinary model that uses the mean rating of all 
reviews and has an R2 of 0.122, the best-performing model gives 
an R2 of 0.301, which significantly increases the power of the 
independent variables in explaining the variance in BSR at the 
Video Games level. 
 The coefficients of the best-performing basic model 
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are summarized in Table 5. All coefficients, except the 
percentage of reviews after the ban (AfterBan − Percentage), 
have a negative coefficient, which indicates a negative relation 
ship with product ranking and hence, a positive relationship 
with product sales. The mean of all reviews after the ban, or 
MeanAfterBanRating, displays the strongest magnitude. As all 
of the independent variables are standardized to the same 
mean value, this suggests that MeanAfterBanRating has the 
largest impact on product sales. On the other hand, the total 
number of review images, or TotalNumReviewImages, exhibits a 
very small, although non-zero, impact on BSR, which implies 
that it does not impact product sales much. 
 An R2 of 0.301 implies that the review features 
altogether play a non-trivial role in explaining product sales. 
This result supports the hypothesis, which predicts a positive 
impact of consumer reviews, especially consumer ratings, on 
product sales, or a negative impact on product ranking. 

B. Heterogeneity Model 

 The heterogeneity model adds heterogeneous factors, 
the product features of each product, to the basic model. 
Heterogeneous factors include brand popular ity (measured by 
the number of times the brand appears out of all products), 
number of high-resolution images, number of details, length 
of product features, and length of product description. VIF 
checks are done and no significant multi collinearity is found. 
 The coefficient summary of the heterogeneity model 
is shown in Table 6. The explanatory power of review features 
is diluted as additional variables with non zero coefficients are 
added in. Despite that, the mean rating of all reviews after the 
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ban of incentivized reviews still appears to be the variable with 
the largest impact on product ranking. Brand popularity, or 
BrandCount, has the strongest impact out of the five product 
feature factors, and all product features except number of 
details (NumDetails) show a negative impact on product BSR, 
or a positive impact on product sales; number of details of a 
product exhibits a negligible impact. 

 The R2 of the heterogeneity model is 0.358, a small 
increase from the basic model. A regression model that 
explains BSR using only the product features is developed as a 
supplement, where the model formula is displayed in Equation 
3. The R2 of the product features-only model is 0.165, a much 
smaller R2 compared to the heterogeneity model. 

 The comparisons between R2 of different models, 
along with the analysis of coefficients, indicate that although 
product features do have some impact on product sales, the 
impact overall is not large compared to review features. The 
impact of the product price on product sales is also analyzed. 
 Only 6,632 (16.58%) products have a valid price in the 
products dataset, so it is inappropriate to include product 
price in the heterogeneity model. To test the effect of price, 
the subset of products that have a valid price is selected and 
a comparison between the heterogeneity model without the 
presence of price and with the presence of price is made. The 
heterogeneity model without the presence of price has an R2 
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of 0.281 and the heterogeneity model with the presence of 
price has an R2 of 0.286. The coefficient of the price variable 
is 19.99, which indicates a positive impact on product BSR 
and thus a negative impact on product sales. This is expected 
since consumers are expected to be more willing to purchase 
cheaper products. 

DISCUSSIONS

A. Explaining Mechanisms Behind the Results 

 The dataset does not record product star ratings, 
and due to the black box algorithm of Amazon star ratings, 
the star ratings that actually appear on each product page 
cannot be fully replicated. Different measures of mean rating 
and mean sentiment are estimates only, which may overstate 
or understate the actual product star rating. The lack of 
information on product star ratings makes it harder to analyze, 
which may result in either overestimation or underestimation 
of the impact of consumer ratings on product sales.
 Keeping all other independent variables constant, 
the basic model that in cludes MeanAfterBanRating shows a 
greater explanatory power on product ranking than the basic 
model that includes MeanRating. This may be related to review 
recency: all reviews prior to the ban of incentivized reviews 
(October 2016) are relatively old compared to when the data 
was extracted (October 2018). If a product has a large number 
of reviews after the ban, consumers may not scroll far enough 
to see the reviews before the ban. If a product does not have a 
large number of reviews after the ban, consumers may consider 
the prod uct as relatively unpopular or of low quality, which may 
hinder their decision to purchase. Both of these possibilities 
suggest that the reviews written before the ban play a relatively 
trivial role on product ranking. 
 This result has implications for vendors: vendors 
should pay attention to con sumer reviews, especially recent 
reviews, since they can influence product sales in the short run. 
For example, if many recent reviews of a product complain 
about a product’s packaging, the vendor should check out 
the problem with the packag ing of the product and develop 
solutions to fix the problem before the product’s overall rating 
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starts declining, which will likely lead to a decrease in product 
sales. The importance of customer reviews also suggests that 
businesses could increase the number of employees in the 
customer aftercare team to make sure customer feedback is 
received promptly and the business can adjust strategies to 
better suit consumers’ needs. 
 The basic model which includes 
MeanVerifiedAferBanRating, the mean rating of all verified 
reviews after the ban, shows a slightly smaller R2 of 0.300 than 
the basic model that includes MeanAfterBanRating, which has 
an R2 of 0.301. This could be due to the following reasons: (1) 
Consumers do not care much about whether a review is verified 
or not; (2) There is only a very small number of unverified 
reviews after the ban; (3) The unverified reviews show a similar 
rating distribution as verified reviews. 
 For the basic model, different means of sentiment 
scores are not as good an indicator of the product BSR as 
means of ratings, suggesting that consumers care more about 
the overall rating than reading the actual review texts. Indeed, 
a quantified number is often more representative than texts 
and easier to un derstand for people who do not want to read 
long lines of reviews. It is also possible that reviews are written 
in a language that one does not understand, which makes it 
impossible for consumers to make purchase decisions based on 
review texts. Mean sentiment score is not included in the model 
since adding it to the model would increase VIF significantly 
due to multicollinearity. However, this also suggests that both 
rating numbers and review texts together have a joint effect on 
product sales. 
 Both the basic model and the heterogeneity model 
show that MeanAfterBan− Rating has the largest impact on 
product BSR, hence it has a greater effect than the total number 
of reviews. This indicates that the overall rating is more impor 
tant than the number of reviews. Both models also show that 
the total number of review images, or TotalNumReviewImages, 
has a very small impact on product sales. This may be explained 
by the video games category being the focus of this paper. 
Consumers can access game demonstrations and gameplay 
videos from the internet, which reduces the strength of 
consumer review images in impacting product sales. However, 
the impact of the number of review images can be very 
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different for products under other categories. Further research 
can compare the impact of the number of review images for 
various categories of products. 
 In the heterogeneity model, a subset of the data that 
contains a valid price is used to test the impact of price on 
product sales. Although this subset does not make up a large 
percentage of the entire dataset, its size (6632) is still relatively 
large, which makes the result credible. The result shows that 
price does have a negative impact, although not too large, on 
product sales. This can be explained by the observation that 
the price range of video game products, which is shown in 
Figure 5, is not large. Most (over 75%) of the products have a 
price below $200, and half of the products have a price below 
$100. Nevertheless, the negative impact of price on product 
sales suggests that it is worthwhile for merchants to consider 
applying price discounts to their products if they want to 
increase the number of sales, depending on the current sales 
and price of the product. An important consideration is the 
trade-off between the increase in the number of sales and the 
decrease in the profit earned per product sold. 
 These findings can be used to explain why businesses 
are paying expensive advertisement fees to platforms and/or 
influencers to promote their products: advertising increases 
product exposure and encourages product reviews amongst 
consumers. By asking influencers to give positive feedback on 
their products, busi nesses can spur positive reviews, which 
leads to an increase in product sales. The cost of advertisement 
is lower than the revenue earned from the advertisements, 
which explains the motivation behind this action. 
 The findings also explain the reasons behind Amazon’s 
decision to ban incentivized reviews and the continuing 
existence of underground review communities after the ban. 
Before the ban, sellers well understood the importance of 
consumer reviews, hence they were willing to offer discounted 
or free products in exchange for likely higher reviews, which 
could lead to an increase in sales. Understanding the unfairness 
created by this program, Amazon banned it to promote more 
hon est feedback. After the ban, some sellers were willing to 
illegally pay for positive reviews to boost their sales, which is 
why underground review communities still exist. In response 
to this, Amazon kept on detecting possibly fake reviews and 
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hence in April 2018, it deactivated a large number of customer 
accounts deemed suspicious of using the marketplace for 
commercial purposes. 

B. The Impact of Other Variables on Product Sales 

 The heterogeneity model result indicates that only 
35.8% of the variance in product BSR is explained by review 

features and product features. This is not surprising since 
other, more external factors are expected to influence 
consumer purchasing decisions. The information on reviews 
and products is also not complete.
 The datasets do not record whether the product prices 
are at discount or not, and the most recent price and the date 
the product is sold at that price. The price of the product that 
each review is based on is also unknown, hence the prices 
recorded in the datasets are only an estimate of the true prices. 
The shipping fee for each product is also unknown. The 
hypothesis is that the presence of shipping will lower product 
sales. Further research can investigate the impact of (the 
presence of) shipping fees on product sales. 
 As mentioned in Section I, each product has a Best 
Sellers Rank (BSR) and organic ranking. The hypothesis is that 
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organic ranking will have a positive impact on product sales. 
In other words, the more a product appears at the front line 
on Amazon’s search engine results pages, the more likely it will 
get higher sales, when keeping all other variables constant. The 
dataset does not record product organic rankings, hence the 
impact of organic ranking is unknown. 
 External factors such as consumer socioeconomic 
status can also play a huge factor. The purchasing power of 
consumers at a higher socioeconomic status is higher, which 
allows them to buy more video games at higher prices with less 
hesitation.
 The gender of the consumer can also impact their 
purchasing decisions. For instance, Chen et al. (2022) find that 
female consumers, compared to male con sumers, are more 
affected by negative reviews than positive reviews. The reviews 
dataset does not record information on reviewer gender; using 
natural language processing to identify reviewer gender based 
on their name is not a good alterna tive, since people of different 
genders can share the same name and some reviewers do not 
use their real names, making it impossible for computers to 
identity re viewer gender. A controlled experiment is suggested 
if one aims to explore the impact of consumer reviews on sales 
by different genders. In addition, social media reviews and 
reviews by friends and family can also play a role in product 
sales, since they are also reviews just like the reviews written 
on Amazon. 
 Aside from the above factors, the region of each 
product may also be a useful factor. People from different 
countries hold different review evalu ation standards; Amazon 
also owns a different percentage of market share and faces 
different competitors. It would be valuable to analyze the 
degree of impact that reviews have on video game buying 
decisions in different countries, or even different regions of 
countries. 
 The analysis is based on the data from Amazon only, 
and results based on data from other platforms are unknown. 
Future research can focus on the analysis on another platform 
and compare the results from this paper to investigate the 
impact of reviews on various platforms. 
 As mentioned in Section I, product BSR is updated 
every hour to reflect its most recent sales. Hence, this paper 
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analyzes the impact on product sales at a specific point in time 
only. Future research can consider keeping track of product 
BSR over time and performing a time series analysis to reach a 
more holistic conclusion. 
 In 2020, people’s lives were significantly impacted 
by the outbreak of the Covid-19 coronavirus. People were 
forced to stay home during the lockdown, which boosted 
video game sales as people tried to entertain themselves 
without leaving home. In a survey, European gamers report 
that video games make them feel less detached and happier 
overall (Clement, 2022a). According to Statista, digital gaming 
sales on in-game content increased by 12% and the sales on 
paid downloads increased by 21% globally in 2020 (Clement, 
2022a). The statistics indicate that it is worthwhile to study 
the impact of Covid-19 on product sales. However, the dataset 
only records data up to October 2018, which is long before the 
onset of Covid-19, hence the impact of Covid-19 is untestable. 
Nonetheless, it is possible to analyze the role of Covid-19 in 
consumer reviews and sales when sufficient data becomes 
available. 
Finally, it is important to recognize that people extremely 
satisfied or ex tremely dissatisfied are more likely to begin 
word-of-mouth reviews, which could influence the purchasing 
decisions of people close to them (Anderson, 1998). This also 
makes online reviews biased.

CONCLUSION

 Consumer reviews in general have an impact on 
product sales and explain ap proximately 30.1% of a product’s 
Best Sellers Rank. Consumer ratings have the largest impact 
amongst all consumer review features: the higher the rating, 
the lower the product BSR, which indicates higher product 
sales. Ratings after the ban of incentivized reviews have a larger 
impact than the ratings of all reviews. While product features 
also have an impact, the impact is not as large as the impact 
of ratings; review features and product features altogether 
explains ap proximately 35.8% of product BSR. Altogether, 
product brand has a positive impact on sales. On the other 
hand, product price can influence sales negatively: the higher 
the price, the lower the product sales. 
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of a junior editor within the IONA Journal, Noah aspires 
to not only refine his editorial skills but also entertain the 
possibility of contributing papers to its pages in the years 
to come. A dedicated reader, his heart resonates particularly 
with the allure of classic French literature. Outside the realm 
of academia, Noah embraces the vitality of sports, finding 
enjoyment in their diverse forms. Amidst these passions, he 
threads a unique path of growth within the IONA Journal, 
where his contributions promise to enrich the academic 
tapestry.

Bachelor of International Economics

Pranav, a dynamic presence, steps into the spotlight with 
an enthusiastic greeting. Embarking on his first year in the 
Bachelor of International Economics program, his academic 
journey begins with fervor. Fueled by an unwavering interest 
in monetary policy and macroeconomic stabilization, 
Pranav's intellectual pursuits are firmly grounded in economic 
dynamics. Building upon a foundation of diverse experiences, 
including research internships and journalism endeavors 
during high school, he stands poised to contribute to the 
pioneering realm of student research through the IONA 
Journal. Pranav's aspirations are twofold— to enrich his own 
perspectives and knowledge within economic research, and 
to eventually author a paper focused on macroeconomic 
stabilization and the intricacies of low-growth traps. 

Bachelor of International Economics
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Priyanka steps forward as a third-year BIE student, her 
academic journey marked by depth and dedication. Beyond 
the classroom, her multifaceted interests extend to the 
realms of music, marketing, and the captivating embrace of 
literature. Within the tapestry of her pursuits, Priyanka's 
heart is drawn to developmental economics, a realm that 
sparks her intellectual curiosity. Embracing the opportunity 
within the IONA Journal, her aspirations echo a yearning to 
explore the interconnections that economics weaves with 
other fields of study. As she delves into this collaborative 
realm, Priyanka's passion is poised to contribute a unique 
perspective, enriching both her own academic journey and 
the collective efforts of the team.

Bachelor of International Economics
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Shreya Iyer, a vibrant presence, introduces herself 
with exuberance. As a third-year Economics major, her 
academic path is marked by dedication and a thirst for 
knowledge. Enlisting herself within the IONA Journal, 
Shreya's aspirations gravitate towards the realm of practical 
applications within economic research. Eagerly anticipating 
this journey, she looks forward to forging connections and 
collaborative endeavors with the esteemed editorial team. 
With each step, Shreya embarks on a voyage that promises 
to expand her horizons, align her academic pursuits with real-
world contexts, and contribute her unique perspective to the 
collective scholarly exploration of the Journal.

Bachelor of Arts - Economics
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Teona, a fresh presence in the academic sphere, introduces 
herself with clarity. Stepping into her first year as a BIE 
student, her academic journey is marked by the promise 
of growth and exploration. Through her engagement with 
the IONA Journal, Teona aspires to extend her grasp of 
economics, nurturing an environment of continuous learning. 
A spirit of collaboration infuses her endeavors, as she eagerly 
anticipates the opportunity to work alongside peers and 
glean insights from upper-year students. In this voyage of 
knowledge and camaraderie, Teona embarks on a path that 
intertwines her individual pursuit of understanding with the 
collective pursuit of scholarly enrichment within the Journal.

Bachelor of International Economics
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