DISCUSSION #1. (ARTICLE ATTACHED).For this discussion, refer to one of
the articles you found in the Capella library. The article should be a research
report on a quantitative research study in a topic area of interest to you. Use the
Article Analysis Worksheet to gather information to prepare for this discussion.

Briefly summarize the article (1-2 paragraphs). Discuss the data-collection
procedures. How was the data collected? Via paper-and-pencil measures,
computerized surveys, or interviews?

DISCUSSION #2. (ARTICLE ATTACHED) For this discussion, refer to the other
article you found in the Capella library. The article should be a research report on
a quantitative research study in a topic area of interest to you. Use the Article
Analysis Worksheet to prepare for this discussion. Briefly summarize the article
(1-2 paragraphs). Discuss the data-analysis procedures, addressing each of the
following issues:

How was the data analyzed?

What statistical procedures were used?

What were the results?

Did the analysis confirm the hypothesis or hypotheses?
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Abstract

Given the hidden, criminal nature of contemporary slavery, empirically estimating the proportion of the population ensiaved at the national and giobal levei s a chailenge. AL the
same time, litte is understood about what happens to the lives of the survivors of slavery once they are free. [ discuss some data coliection methods from two nongoveraimants!
organizations {NGOs) [ have worked with thal shad light on these issues. The first NGO, the Walk Free Fouridation, estirnates that there are abaut 30 million enslaved in the
world today. The second NGO, Free the Slaves, employs a longitudinal analysis to chronicle the lves of survivors. The acquisition and dissemination of such informalien is
crucia because policyimakers and donors sometinies require hard data before committing time, political will, and rescurces to the cause.
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Headnote .

Given the hidden, criminal nature of contemporary stavery, empirically estimating the proportion of the population enslaved at the national and global levei is a challenge. At the
same time, little is understood about what happens to the lives of the survivors of slavery once they are free. I discuss some data cellection methods from two nongovernmental
wrganizations (NGOs) T have worked with that shed light on these issues. The first NGO, the Walk Free Foundation, estimates that there are about 30 miliion enslaved in the
wortd today. The second NGO, Free the Staves, empioys a longitudinal analysis te chronicle the lives of survivers. The acquisition and dissemination of such information is
crucial because policymakers and doners sometimes require hard data before committing time; political will, and resources to the cause.

Unpacking the Problem of Contemporary Slavery

As Kevir Bales of the Wilberforce Institute for the Study of Slavery and Emancipation explains, "Slavery is the possession and control of a person in such 2 way as to
significantly deprive that person of his or her individual liberty, with the intent of explolting that person through their use, management, profit, transfer or disposal. Usually this :
axercise wili be achleved through means such as violence or threats of violence, decaption and/ or coercion.”1 i

Thus, at its core, slavery is a dynamic be- tween two individuals, the enslaved ‘and the slave- holder, in which the slave- holder has a monopely of centrol and viclence upon the
enslaved. The slaveholder can coerce the enstaved to perform a number of abomninable acts. This can include: sexual servitude on the streets of New York City; 2 adult labor in
the coltan mines of the Congo;3 child slavery in the shrimp Farms of Bagsglade:;}\'; or forced domestic servitude In the suburbs of Los Angeles.4 Compounding the matier is that
enslaved persons can spend years-sometimes decades-under such conditions.5 This can sometimes lead to siavery lfasting across several generations. Short of homicide, slavery ;
is one of the most inhumane criines one person can commit against another.

In recent years, a number of governments and international govern- mental organizations have addressed modern day slavery at home and abread. In the United States,
Congress passed the Vickims of Trafficking and Violenca Protaclion Act {TVPA) in 2000. The TVPA established the Prasident’s Interagency Task Force to Monitor and Combat
Trafficking-a cabinet-level group whose mission is to coordinate efforts to combat traf- ficking in persons-led by the U.5. State Depertment. Since then, the State Department
has produced its annual Trafficking in Persons (TIP) Repart, which has become "the L.$. Government's principal diplomatic tool to en- gage foreign gevernments on human
trafficking."s Afthough not without controversy, the TIP Report has educated many on the sources and impact of modern dey slavery.7

On the global stage, between 2000 and 2001 the United Nations Gen- eral Assembly adopted three protocols to its Convention against Transna- tional Organized Crime: (1) the
Protocol to Prevent, Suppress and Punish Trafficking in Persons, especially Women and Children; (2) the Pretocol against the Smuggling of Migrants by Land, Sea, and Air; and
{3) the Pro- tocol against the Illict Manufacturing and Trafficking in Firedrms, With 117 signatory countries, these protocals, known as the Palermo Protocols, advanced the
glohal discussion not only on what constitutes contemporary siavery, but alse on what the international community can do to mitigate its spread.

Although some may argue that international agreements like the Palermo Protacols and documents like the TIP Report matter only margin- ally,8 others counter they catalyze
change.9 Building upon a crest of public awareness on human trafficking, U.S. President Barack Obama proclaimed in 2012 at the Clinton Global Initiative, *We are turning the !
tables on the traffickers. Just as they are now using technology and the Internet to exploit their victims, we are going to harness technelogy te stop them."10
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Steve Lohr explains, big data is "shorthand for advancing trends in technology that open the door to a new approach te understanding the world and making decisions."11 This
typically involves using software to find trends and palterns in large amounts of aggregated data from ihe Internet, sometimes from publicly available data, and other times

fram clandestinely cbtained data. i
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Along the lines of utilizing publicly avallable data, the tech-giant Google announced ih Aprlf 2013 & big data partnership with the Polarls Project; an antislavery NGO In
Washlagton, D.C. The parinership, called the Global Human Trafficking Hotline Netwerk, alims to use data mining soft- ware Lo idanfify human trafficking trends from the hotline
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that can even- tually inform "eradication, prevention, and victim protection strateqies."12

Although using big data te fight trafficking is new, the idea has been demonstrated by scholars like Mark Latonero of the Annenberg Center ¢n Communicatien Leadership &
Policy at the Univarsity of Scuthern Califor- nia, Latonero's teamn partriered with local law enforcement agenciés in Los Angeles, explored trends in human trafficking on websites
like Backpage. com, and applied this information to target specific traffickers. This was done by mining dats from advertisements for the sexual services of domestic minors on
the adult section of Backpage in the Greater Log Angeles area, and ldentifying the phone numbers from thoss ads that appesred in the greatest fraquencies. With this
infarrnation, Latonero's team was able to provide law enforcement with data linking certain phone numbers to criminal networks.

The U.5. government is also using big data to mine private information networks, not on the World Wide Web, but on what Is called the Deep Web- that part of the Internet that
is not searchable on databases like Google. The Defensa Advanced Research Projects Agency (DARPA), a branch of the LS. milltary, recently launched a program cailed Memex
to hunt criminal networks on tha Deep Web, The Mirst domaln DARPA intends to undercover with this new technology is human trafficking. 13

These davelopments in big data dovetall with a broader discussion within academia about how social science researchers can apply quantitative metheds to estimate trends in
contemporary slavery. Although rigorous, many studies of modern day slavery anfy exist in the pol- icy and academic communi- Hes, and very few published works actually
employ quantitative methods. In a compretiensive review of the research-based literature on contemporary slavery, El?biets M. Go?dziak and Micah N, Bump of George- town
University found that, of 218 research-based journal articles, only seven (about 3 percenit} were based on quantitative methods. Without hard data, it can be challenging for
scholars te make generalizable inferences to inform policy.

1 this paper, using blg data as a backdrop, I discuss some novel quan- titative methads employed by two RGOs 1 have worked with that shed light on contemporary stavery.
The first NGO, the Walk Free Foundation, esti- mates that there are about 30 million enslaved in the world today. The sec- ond NGO, Free the Slaves, werking with its local
tndian partner, MSEMVS, assesses the lives of survivors and how they are reintegrating into society. The acquisition and dissemination of such information 1s cruciat because
paticymakers and dopors sometimes require hard date before committing time, political will, and resources to the cause.

The Walk Free Foundation

Australian philanthropists Andrew and Nicola Forrest established the Walk Free Foundation {Walk Free)id three years ago to eradicate contemporary slavery. After meeting with
Microsolt co-faunder Bill Gates, Andrew For- rest was inspired Lo explore the underpinnings of contempoerary slfavery using quantitative methods. As Forrest recounts, "Global
madern slavery is hard t measure, and Bill's a measure kind of guy,” adding, “in manage- ment speak, if you cant measure it, it doesn't exist."15 For Forrest, it was important
to inform people in the business and solicy worlds of the axtent to which slavery exists, country-by-country, te prompt action, Although some quantitative assessments of
contamporary slavery existed, very little was publicly avaitable. Forrest sought to collect more precise data to dis- seminate freely and thus launched a Global Slavery Index
{GSI}, vn which [ have been working since 2012.16

The 2013 GSI ranks 162 of the world's natlons in terms of thelr level of contemporary slavery. Methadologically, these rankings are based on several factors; the most nevel is
an estimation of the proportion of the population ensiaved in‘each country. For this measvre, the GSI team (led by Kevin Bales and Fiona David) has drawn upon secondary
saurce data analysis that Bales pioneered for his book, Disposable People, and later dis- seminated in Scientiflc American.17 These secondary sources consisted of a review of
the public record, inchuding materials from published reports fram governments, the investigations of NGOs and international ofganizatiens, and jousnalistic reports. The GSI
team has also drawn upon data from rep- resentative random sample surveys to extrapolate the prevalence of slavery for selected comparable countries, Figure 1 iltustrates the
2013 GSI data for the proportion of the population estimatad to be ensiaved.

in Figure 1 the countries with darker shades indicate a corresponding higher proportion of enslavemeant. Some of the countries with the highest propartiens are Haiti (sbout 2.1
percent of the population enslaved), Mau- ritania {about 4.0 percent of the population enslaved), Pakistan {about 1.2 percent of the population enslaved), and India {about 1.1
percent of the popuia- tion enslaved).

Table 1 lsts the 2013 GSI data in terms of the fotal estimated numier of the enslaved, country-by-country. This is a novel contribution compared Lo other estimates of
contemparary slavery. Such information can be usefyl to busi- ness peopie, poticymakers, and students who want & more informed under- standing of where slavery occurs and
with what frequency. :

Overall, the 2013 G5] estimates about 22.8 million are enslaved arong the 182 countries under study. The country with the least aumber of esti- mated enslaved in 2013 was
Iceland (twenty-two enslaved), and the country with the greatest number was Indla (13.2 million enslaved). The standard deviation {or spread) was extremely large: sbout 1.2
million enslaved,

One important question is if the GSI has made a differance in the reat world. One way to shed light on this is to explore seme of the statis- ties achieved since the GSI's taunch
in Octeber 2013, To date, the GSI hag received over half a miltion website visits. There have been over thirteen theusand downloads of the full report, svailable in English,
Arabic, Freneh, and Spanish. Mareover, there have been over fifteen hundred media reports about the GSI in over thirty-five countries, including The Economist, 18 Die
Standasrd,19 La Vanguardia,20 CNM,21 Netfonal Public Radie, 22 and Time.23

Some of the media reports about the GSI illustrate how it can gener- ate discussion on an underreported issue. In India, for instarice, where the GSI ¢stimates thae greatest
number of the enslaved to be, media response has been strong. The Times of India reported, "Sixty-six years after indepen- dence, India has the dubious distinction of being
home to half the number of modern-day slaves in the world."24 Perhaps due to such sentiments, the Hindustan Times discussed the causes of slavery in India and observed,
"Some of the reasons for high numbers caught in slavery in India are the difficulty in accessing protections and government entitiements, such as the feod rations card,
corruption or nen-perfermance of safety nets (such a5 tha National Employment: Guarantee, primary heaith care and pensions) and practices of land grabbing and asset
gominakion by high-caste groups,"25

There is also sore evidence that the GSI has begun to influence gov- ernment policy. In January of this year, bullding upen the momentum of the GSI, Andrew Forrest signed a
mermorandum of understanding (MOUY with the Pakistani State of Purjab. In the business world, that a government woutd sign a deal with a businessman to help eradicate
slavery in its own borders is stypical. Yet Forrest was able to leverage his influence in Pakistan to encourage a conversation that aims to provide the state of Purjab with
inexpensive coal in exchange for assurances that the government wili wark toward the liberatlon of its own people, 26 Although It is teo early to see how Pakistan wifl hold up to
its promise, this agreemant may herald future MOUs between NGOs like Walk Free and governments that want to mitigate slavery, and one day even eradicate it.

The GSI may also be Influencing heads of state. Former U.5. President Jimmy Carter references the GSI several times In his new bestselling book, A Call to Action: Women,
Religion, Viclence, and Power, And the GSI has been pubilcly endorsed by, among others, Hiliary Clinton, Gordon Brown, Julla Gilard, and Tony Blalr.27

Free the Slaves

The GSI strives to use big data to count the number of slaves in the world. Other NGOs have begun to employ longitudinal techniques to chrosticle the lives of survivers of

slavery ance they are free, One such NGO s Free the Slaves (FTS), which Kevin Bates, Pegagy Callahan, and Jolene Smith co- founded in 2060 as the sister-organization of Anti-

Slavery International (the oldest internativnal human rights organization in the world).28

Early in its evolution, FTS reasoned that the liberation of any slave would be beneficiat not only for that individual, but alse for the commu- nity, and thus produce a "freedom
dividend," muitiplied by each additional person freed. As FTS sxplalns, "Local communities thrive when formerly enslaved people start their own businesses; communities begin
to fiourish as peoeple come together to organize and watch out for one another; children go ta school-and the benefits extend for generations." 29
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Far the past decade, FTS has partnered with different grassroots orga- nizations in Haiti, India, Nepal, Ghana, the Democratic Republic of Congo, and Brazil to empower local
comrmunitias af the enslaved to seek libaration. In India, FTS has worked with a local grassroots organization called Mina Sansadham Evamn Mahila Vikas Sansthan (MSEMVS}).30
Through the ef- Forts of MSEMVS, over 150 villages have eradicated slavery and trafficking in recent years and many more are beginning to experienice liberation in the North
Indian States of Uttar Pradesh and Bihar, two of india's poorest states, as Figure 2 highlights.

In additlon to empawering people in rural Uttar Pradesh to seek libera- lon, MSEMVS has been among the first NGOs Lo begin several longitudinal studies on the effects, In
addition to guantitative studies of the predictive factors of ensiavement, The studies are intended to provide insight into: (1) whether siavery and trafficking have been
eradicated; and {2} whether the socio-economic conditions of people living in these comraunities have improved. I consulted with Free the Slaves at this time, and, along with
Ginny Baumann, Jody Sarich, Austin Choi-Fitzpatrick, and Jessica Leslie, helped put together a follow-up report for the village of Kukrouthi in Ut- tar Praclesh.

Tha follow-ugp report was conducted among the residents of three hamlets in Kukrouthl vilage. 31 There were two sources of information: The first was a set of 120 household
level surveys, and the second was a set of focus group discussions. A total of 929 peopie were accounted for by the surveys. The time periods under comparisen were 2009
{when the libera- ton process began) and 2011 {when the process of seif-liberation by locat residents was completed).

Some of the key findings between the 2009 and 2011 stuclies are as follows, providing credence to FTS's supposition of there being a "freedom dividend” after liberation.
Growth in Childhood Education

One important indicator of a freedom dividend in Kukrouth: village Is the number of children In schoel, The underlying premise is that in free com- munities children recelve
hetter education, which fuels a society's human capital. In Kukrouthi, the taam from MSEVMS found evidence of significant growth in childhood education rates. Whereas in
2009 only 69 percant of the schoot-aged children were reported to be in school, by 2011, 91 percent were enroiled, as Figure 3 illustrates.

Better Nukrition

Another key indicator illuminating the freedom dividend is access to ad- eguate nutrition. As with childhood education, the tearn from MSEVMS reported a dramatic increasa in
the number of families that were able to eat three meals a day, from 31 percent in 2009 to 71 percent in 2011. This was mare than a 200 percent increase, as Table 2 details.

Irnproved Access 0 Health Care

Yet another strong indicator of a freedom dividend is access to health care, even if of rudimentary guality. In 2011, MSEVMS reported that almost the entire population of
Kukrouthi village had access to healtheare. This was another dramatic increase compared to 2069, whaen MSEVMS found that just 52 percent of families received health cara
treatment. Table 3 provides a breakdown of this comparison,

Improvement in Chitdhood Vaccinations

Lastly, In 2009, just one-third of children had the proper number 6f recom- mended vaccinations (i.2., three vacdinations). By 2011, this had increased to 90 percent, as Tabie 4
shows.

A World Without Slavery

Applying quantitative methods to the study of contemporary slavery could contribute significantly to shedding more light on the phenomenon. In coliaboration with my
colleagues at the Walk Free Foundation, 1 have used quantitative methods to estimate the total number of enslaved in the world today. This, in turn, has generated discussion
among the media and pol- icy community on how to mitigate modern day siav- ery, with an eye toward its eradication. With Fres the Slaves and MSEVMS, we have begun to
chronicle systernatically how communitias can benefil from freadom. This information provides prefiminary evidence fo policy makers that liberating slaves provides a wide
range of socloeconomic benefits.

The modern day anti-slavary movement is young. Moving forward, we need mare scholars and policy makers whe want o explore what quantita- tive methods and hig data can
do For the movement. We are at a polnt in the world where everyene agrees thal contemporary alavery is @ wrong that must be addressed. The time is ripe for further
giscussion on how to make this a reality, I hope we can get there, at least in part, through employing quantitative methods and exploring big data.

Sidebar

... at its care, slavery is a dynamic between Lwe individuals, the enslaved and the slaveholder, in which the slaveholder has a monopaly of control and violence upon the

enslaved,

These developments in big data dovetail with a broader discussion within academia about how social stience researchers can apply quantitative methods to estimate trends In
contemporary siavery.

. .. 29.8 million are enslaved among the 1562 countries under study.
Applying quantitative methods to the study of contemporary slavery could contribute significantly to shedding mere light on the phenomenon.
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Abstract There is a poignant divide in contemporary research between qualitative and
quantitative approaches, with relatively few disciplines employing the two concurrently and
harmoniously. Qualitative methods are to be found almost exclusively in social sciences, and
only a few disciplines in this field integrate them with quantitative approacbes. The quantitative
approach is especially developed in natural sciences, with exceptionally sophisticated
methodology developed around hypothesis testing and inferential statistics. The obvious
middle ground is represented by the historical approach, combining verbal description with
descriptive statistics. The latter offers amazing options towards data visualisation, yet carries
relatively little weight in terms of academic success. This paper presents an account of how
descriptive statistics has fared historically, with an emphasis on disciplines in the natural
sciences and geography—where the author can contribute a personal account. I argue that a
more even spread of the three broad types of methodologies would benefit research across
fields. Such a spread, if reflected in the school system, would be particularly helpful in facili-
tating the transition from secondary o tertiary education, and from there to entering research.

Keywords Data visualisation - Descriptive statistics - Geography - Inferential statistics -
Life sciences

1 Introduction

The main distinction between ancient knowledge and mainstream present-day research
resides in numbers. And one can easily get lost in numbers. This observation, or a related
subliminal feeling is what started the rebellion we call qualitative rescarch (for some
details on how this happened, see Bulmer 1984). The success of qualitative research is
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presently limited to social sciences, and this methodology carries most weight in the field
probably incorrectly termed ‘human geography’ (see Johnston 1984 for the scope of this
discipline, and Rafols et al. 2010 for a citations-based assessment of its relationships).
Nevertheless, true geography is a natural meeting point for the quantitative and qualitative,
due to its use of numerical approaches towards describing unique features.

In saying “describing” T have introduced an important point: geography, ever since the
days of exploration, produces maps. And maps are nothing else than two-dimensional
plots, which essentially present novel, previously unexpected patterns. That is, something
that is usvally not testing the validity of prior expectations (bar the case of Columbus
searching a new way to the Indies, whether we call that a prediction or hypothesis; Niaz
2004). Consequently, it does not qualify as hypothesis testing. It simply describes, and in
doing so it uses numbers, but in a purely descriptive way.

The use of descriptive statistics is by no means restricted to geography. In several other
fields, it is often associated to the broader ‘historical’ approach, whether that be a reference
to centuries-history, natural history, or others. (One needs to keep in mind that many
disciplines, including social sciences, largely restrict the meaning of the word *historical’
to cases where timelines are invoked.) The historical approach tends to lack the sine-qua-
non condition of repeatability required by hypothesis testing and its servant-turned-master,
inferential statistics, and best met through experimentation rather than observation (van der
Leeuw and Redman 2002). Nevertheless, the historical method cannot ignore numbers; in
fact some of its more modem expressions are the pinnacle of data visualisation.

The glory days of the historical method represented an inteimediaic stage in the
development of science—the stage when maps stopped being mere hand-drawings and
started incorporating coordinates, and when Linneus and his followers split the plant and
animal kingdoms into classes, orders, families and genera. As mentioned, the initial per-
ception-based stage of our worldview has currently recovered and is living a new life in the
form of qualitative research. But, unfortunately, this intermediate stage which, I argue
here, should also be operating as a middle ground between the other two major approaches
to research (qualitative and inferential), has never quite recovered its status, and mostly
serves as an accessory to hypothesis testing.

Without going too deeply into the philosophy of science, and focusing mostly on
method use, this paper proposes to (1) be an account of the present-day place of descriptive
statistics across several disciplines with an emphasis on biology and geography, (2) discuss
other situations where descriptive statistics are surfacing, (3) comment on the educational
implications of this situation, and finally (4) make suggestions towards a systematic
approach to the intuitive accumulation of knowledge, stressing the importance of
descriptive statistics. The first two objectives will be addressed jointly, discipline by dis-
cipline. As some disciplines have over time expanded into entirely new fields of study, and
new disciplines arose within them, there will be no attempt to do so hicrarchically; fields
and disciplines will simply be listed in a linear sequence. The concluding sections will
address the remaining two objectives.

2 Biology: an overview

The field of life sciences has seen a couple of revolutions over the last few centuries. From
the phase of taxonomy, anatomy, and physiology (when, along a different dimension, the
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encompassing evolutionary perspective, and thence to the current new divide between
organism-level and cell/molecular level biology. To understand the use of methodologies
and their development, the disciplines within biology need to be analysed one by one.

3 Taxonomy

As illustrated in a marvellous book by Berlin (1992), taxonomy is in no way the exclusive
domain of modern science. Traditional societies, in particular hunter-gatherer ones, have
had for a very long time a spectacular understanding of species diversity, achieved in a way
that is almost entirely descriptive. Starting with Linneus in the eighteenth century, tax-
onomy took centre stage among natural sciences. Since, the methods have shifted from
simple text descriptions occasionally accompanied by full body illustrations to text
descriptions increasingly placing an emphasis on numbers (both sizes and number of
segments/units/appendages—summarised as the metric and meristic approaches), and
illustrations more and more focussing of those organs specifically relevant to identification.
Descriptions along the lines of “I hypothesise that this is a different species, and test this
hypothesis by providing numbers for it and its closest relatives and testing for significant
differences” exist, though they are by no means the norm. The understanding is that
differences are sufficiently clear not to require such tests, which essentially equates to the
gestalt approach of ethno-taxonomy. Even the very process of typification for new species,
besides its importance in providing reference material, likely finds its roots in a gestalt
approach—one fundamentally refuting the need for any inferential statistics. Another
important point to add here is the matter of the different species concepts being used
concurrently for different (and sometimes even for the same) groups of organisms. The
biological species concept proposes that organisms belong to the same species if they can
produce fertile offspring, which is at least in theory testable, while other concepts propose
different approaches, of debatable testability. The lack of uniformity in this respect has
repercussions on species numbers as a variable to be mapped in ecology and biogeography.

The current state of taxonomy is both encouraging and distressing. The good news is
that the number of new species being described on an annual basis is increasing, to the
point where the dreaded question “can we actually describe most species before they go
extinct” is leaning towards a positive answer (Costello et al. 2013). The bad news starts to
filter through when zooming in on those who make it happen. A substantial proportion of
the people who still describe species are amateurs, high-calibre amateurs, but nevertheless
people who have to earn an exisience as lawyers, business folk, or medical doctors.
Without implying that researchers in different fields are likely to become billionaires, it is
worth mentioning that research funding depends on the imnpact of one’s previous research,
and impact is not the strongest point with taxonomy. It is indeed difficult to gather tens or
hundreds of citations on articles that only three or four other people in the world (those
working on the same group of organisms as yourself) will ever read. But at the same time,
the reasons why citations have risen to power elsewhere need to be analysed. The more
acceptable (if merely self-justifying) one is that citations are in order, when building a big
pile of knowledge, for those who tested similar hypotheses. The less acceptable one is that,
in fact, once at the helm, hypothetico-deductive thinking felt strong enough to marginalise
everyone else, kicking taxonomy and the like when they were already down.

These days, few taxonomists are entirely bappy people. The younger generation have

of the 1ast twenty or so years been removed from the glory seat of those who discover and thus
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help preserve biodiversity. One of the adaptations asked of them in order to survive aca-
demically involves switching to studies that test, or at least pretend to test, hypotheses.

4 Phylogenetics

The most common way for taxonomists to redeem themselves and purge the sin or
descriptiveness, is phylogenetics. The phylogenetic method proposes to replace the tra-
ditional and fairly rigid classification approach with a fluid ordination-based one, whereby
the relationships between organisms are thoroughly tested, and eventunally presented in the
form of a tree of life, as proposed by Darwin himself (see Tassy 2011). It has to be noted,
however, that Popper (1965), the main proponent of hypothesis testing, described the
Darwinian worldview underpinning phylogenetics as a “metaphysical research pro-
gramme”, not suited for rigorous testing.

In any phylogenetic piece of research, there is in fact ample room for being descriptive and,
in description, intuitive. Characteristic traits can be listed for branches at any level in a
phylogenetic tree, in a similar way to those defining genera, families, orders and so on. This
fact allows for the current co-habitation of taxonomy and phylogenetics, a co-habitation that
has however often looked like a battlefield. The widely accepted truce at this point is that
higher taxa can still be retained. There may, however, be such taxa that do not fit neatly ina
phylogenetic tree. Polyphyletic taxa—those made up of organisms that look similar but are
not really related, were a lost cause from the beginning. More recent victims have been the
paraphyletic taxa, those who are related not in a sibling relationship, but are actually one
embedded in the other. Desperate calls (e.g. Brummitt 2003) that these actually make sense in
a descriptive way by being defined on common characters have fallen on mostly deaf ears.

Despite the pledge of testability solemnly taken by most phylogeneticists (and see
educational interpretations of this in Catley et al. 2013), there are strong suggestions that
phylogenetics is essentiaily just another discipline focused on the beauty of description.
This is best illustrated by the exquisitely decorated phylogenetic trees forming the back-
bone of many recent publications (e.g. Ricardo-Betancur et al. 2013). One of the most
important journals in the field, Melecular Phylogenetics and Evolution, has gone as far as
to present pictorial abstracts—ultimate evidence that a picture is better than two hundred
and fifty words, especially when that picture is a phylogenetic tree with full-body images
of animals aligned on its side. It should be mentioned here that, in fact, the phylogenetic
approach is in most cases just a simplification of the relationships between organisms.
Indeed, presenting living or fossil species as branches on a tree does not leave room for
cases of hybridisation or horizontal transfer of genes, apparently more common and
important than previously thought (Bergthorsson et al. 2004). And simplification is to a
great extent about simplicity of description, and ultimately, beauty.

5 Species lists

A special place in any survey of descriptive endeavours should probably be reserved to
(usnally annotated) species lists. Widely known as faunas for animals and floras for plants,
they started off as very similar to each other, but currently their fate does not look quite the
same. Floras, at least as far as higher plants are concerned, are feasible tasks for most
countries or conservation areas, and one can easily argue that thev are critical to describing

as well as understanding vegetation patterns, in turn critical towards multiple practical
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endeavours. In the case of animals, vertebrates are often well covered in regional field
guides, especially in the case of birds. Field guides complete with illustrations, maps, and
brief descriptions including details of behaviour, are approaching the status of works of art,
and in them has been concentrated the contemporary soul of natural history. But their
public success is seldom associated with scientific laurels. Faunal studies looking at
invertebrates, as were rigorously put together in the second half of the twentieth century,
are sadly regarded as a low form of scientific expression.

Species lists, whether of plants or animals, are also commonly relegated to reports rather
than journal articles. To attempt publishing such lists, otherwise most valuable for con-
servation purposes, in any form other than supplementary online material, one would
commonly have to redefine them by pretending to be testing hypotheses. Such hypotheses
most likely have to be of a phylogenetic nature, as phylogenetics provides a testing
framework for all things taxonomic.

6 Vegetation science

In the same way as animal and plant species, plant assemblages at the landscape level can
be classified, and this classification has taken a convoluted trajectory somewhere between
the ecstasy of discovery and an attempt to objectivity. This story has been narrated in detail
and with some humour by Colinvaux (1978). The discipline still stands firm, with at least
one fairly highly cited journal (Journal of Vegetation Science), although this is increas-
ingly testing hypotheses and adopting phylogenetics as a means of explaining community
assembly.

7 Ecology

Having started off from humble beginnings, ecology is one of the most powerful scientific
disciplines of the day. Only molecular sciences of a medical inclination can claim (o be better
cited. And this power stems to a great extent from its hypothetico-deductive approach.
Ecological statistics, although capable of magnificent descriptive graphs, first and foremost
prides itself with its multi-layered approach to hypothesis testing. Increasingly this relies on
modelling technigues of the “how do our observed data compare with ten thousand never
obscrved but perfectly imaginable realities” kind (Gotelli and Graves 1996). Much of the
discipline’s sophistication runs along the lines of: “what are the relevant imaginable realities
to compare one’s data with”. Incredible amounts of ecological literature have hashed and
rehashed methodologies to the point where the discipline now spreads like a vast dome built
on concepts, few of which are intuitive. Some of these are in existence simply because of p
values below the magic 0.05, and often claim far-reaching applications, but they have very
little to say to the non-specialist picking a flower and asking a question.

8 Biogeography

This discipline started off with the description of geographic units based on the distribution of
plants, animals, and vegetation types (floral kingdoms, zoogeographic regions, and biomes).

Arguably such maps are some of the most fascinating desCIipiive eXercises ever 10 have beel
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undertaken. The current focus of the discipline is to a greater extent leaning towards the
reasons for such distribution patterns, not only in species assemblages but also in single
species. That this is relevant to conservation is beyond doubt. There is however a great
curiosity component involved, as highlighted in the fact that biogeographers need to be
reminded now and then of their relevance to conservation (e.g. Richardson and Whittaker
2010). Insofar as current biogeographical research is searching for the reasons behind present
-or past species distributions, the field is hopelessly lost to hypothesis testing. But the desire to
return to biogeography’s descriptive roots is certainly still there, as shown by the recently
reignited interest in regionalisation (Proches and Ramdhani 2012; Holt et al. 2013).

9 Geography

Much to the dismay of contemporary geographers (both human and physical), I will have to
start here by referring to geography in its traditional sense, which has largely become limited
to school-level teaching—that is, to features on maps. Geography intrinsically lacks the
repeatability attached to the core scientific disciplines (biology, chemistry, physics), as each
broad-scale physical feature on earth’s surface is unique. One can find patterns that are
repeated in the ways in which humans, plants, animals, and physical processes interact with
these features. However, that would not be testing much about the earth—more about
humans, plants, and so on. So any data sets pertaining to such studies—sets of spatially
explicit data—end up more often published in journals focusing on those specific fields. Note
that, in the process, these new data are degraded from discoveries to data sets. In this context,
it is encouraging to see the appearance of a Journal of Maps, one that brings the focus back to
traditional geography. With regards to physical geography in its modern incarnation, this is a
field where technology takes cenire stage, with Remote Sensing (RS) and Geographic
Information Systems (GIS) being all about data acquisition and processing, and leaving the
data sets themselves to the fields they pertain to. This is entirely disconnected from human
geography, which is shown by its overall citation connectivity to be simply a discipline of
social sciences (Rafols et al. 2010), and one arguably more obstinate than others in the use of
qualitative methods in their purest form. More exciting though, there have been wakeup calls
as to the opportunities to map individuals’ movement and life experiences while making use
of technology (e.g. Quercia et al. 2010).

10 Social sciences

A first look for descriptive statistics in the social sciences is likely to be disconcerting to
those who spend their lives perfecting such methods. If we were to pick a few random
articles from the tens of thousands published on an annual basis, we would mostly find
such things as pie charts, ignoring the ample evidence available that these are likely to be
misinterpreted by the human eye (Cleveland 1993). Social sciences have clearly become
the victims of their own success, which accounts for their low citation rate. But to stop here
would be a great injustice.

Social sciences are in fact the only field where qualitative, descriptive and inferential
methods are all used, and often in thoughtful and complementary ways (Sale and Lohfeld
2002). A remarkable recent example is represented by the World Values Research ini-
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the most spectacular global maps of human consciousness—what might as well be the real
meaning of the phrase “human geography” (Ingelhart and Welzel 2005, 2014; Ingelhart
et al. 2008). It’s also from social sciences or the broader humanities sphere that numbers
are drawn to innovate data visualisation techniques—one notable example in this direction
being the work of McCandless (2009, 2014).

11 School education

We have all been taught back in school using a descriptive approach—it may have only
contained a very few data plots, but quite likely it included exireme values (the earliest
records of this and that, the highest mountains and deepest seas, longest rivers and longest
reign of a king). Quite likely, we were not exposed to inferential statistics until we went to
university, although there is an increasing trend globally to introduce this approach at high
school level, It is worth mentioning here though, that the descriptive approach taken at
school level creates a way of thinking likely to be kept, at least to some extent, throughout
one’s life (see Madden 2011). The greater emphasis given to inferential thinking at school
Ievel in certain countries is both derived from, and influential in, key traits seen in their
respective contemporary cultures, and potentially linked to their competitiveness and
performance on an international scene (Kwon et al. 2013).

12 Uﬁiversity education

In a university setting, critical to this discussion is the concept of multiple scholarship, as
outlined by Boyer (1990)—scholarship of discovery, integration, application and teaching.
While developed in a discovery and teaching context, the descriptive approach is partic-
ularly powerful towards integration, where contemporary mapping tools can make the
blending of data and ideas into an object of beauty. The relevance of integration is evident,
for example, in the continued use of textbooks, despite a widespread feeling that, in any
dynamic field, textbooks can become obsolete before they get a chance to be used. While
generally using figures reproduced with permission from original articles, textbooks also
often produce new figures, usually descriptive ones, and manage to collect a fair number of
citations on this account. These citations would often be hard to come by if one aitempted
to publish such figures in the primary literature (but see, for example, the success of the
journals specialising in review articles).

It is certainly unfortunate that academics are not encouraged to focus on integration,
given that integration is critical in being able to convey a bigger picture to the students. A
better connection between teaching and research could be beneficial to both these activi-
ties, and alleviate some of the research-teaching conflicts that arise in academic settings
(see Elsen et al. 2009; Pan et al. 2014).

13 Conclusion

Based on this review I contend that, as new disciplines in natural sciences developed, they
took an increasingly inferential approach, to the point where descriptive statistics has been

pushed in a corner.
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Null Model Actual Method Use
Inferantial Descriptive Qualitative Inferential Dascriptive Quaiitative
Statistics i Methods ist isti

Social Science
Human Geggraphy

Environmental Science

Bicgecgraphy

Ecology
Taxonomy and Phylogenetics

Genetics

Cell/Melecular Biology, Biochemistry
Physics and Chemistry

Fig. 1 A null model for the distributions of method infuitiveness in answering questions from various
research disciplines (arranged in a linear sequence), presented together with the anthor’s experience of the
degree to which these methods are actually employed. Darker shades indicated more intuitive/more used
methods

Figure 1 proposes a null model whereby the most intuitive answers to questions from
different fields of research are answered with different methods, in a way that follows a simple
gradation along a linear arrangement of disciplines. Of course, it can be argued that these
should not be arranged in a linear sequence, as the relationships between them are far more
complex—and this has alrcady been beautifully illustrated in a two-dimensional space (in
itself a simplification, but the easiest way to visualise things on paper or a computer screen) by
Rafols et al. (2010). One should however keep in mind that the relationships between dis-
ciplines are in a sense self-fulfilling prophecy, as perceived links foster further connections,
and trans-disciplinary collaboration grows accordingly (see studies on specialization and
collaboration, e.g. Belmaker et al. 2010; Bhupatiraju et al. 2012). Getting back to Fig. 1, the
actual use of methods, at least in this author’s experience, is sufficiently skewed as to erase
most of the pattern expected from the proposed null model. The use of qualitative methods is
largely restricted to social sciences and human geography, while the descriptive approach is
widely used across the scientific fields, but nearly always as a supporting method in studies
that (claim to) primarily test hypotheses. Although purely descriptive approaches continue to
exist (as is the case in taxonomy), these are at least cancelled out by hypothesis-testing papers
using no descriptive statistics at all. While various disciplines differ in this respect, this is
usnally at levels finer than the broad research fields illustrated here, with research paradigms
using different methodologies coexisting in most fields. This pattern will need to be con-
firmed using actual meta-analyses of methodologies across disciplines.

Interestingly enough, dominant paradigms within narrower disciplines often have little
to do with the place of the discipline within the greater scene of human knowledge. In this
sense, the discipline-by-discipline treatment followed above was probably inevitable. This
discipline-specific mixing of methods is of relevance in a philosophy-of-science context. It
is probably more than just Darwinism-that fits Popper’s description as more of a ‘research
programme’ than a falsifiable hypothesis—the description may be applicable to most
research schools, insofar as they develop their own specific culture.

The tension between realism and falsificationism decried by Early (1999) appears to remain
in the realm of philosophy, with few researchers questioning the basic paradigm of their
discipline, and either supplementing hypothetico-deductive studies with descriptive statistics as

felt necessary, or providing a hypothesis for otherwise descriptive siudies as required. If there is
a single mle across disciplines though_ it is the broad acceptance of hypothetico-deductive

approaches as having the upper ground, except where qualitative methods are employed.
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But are more descriptive studies really needed? It can be argued that, at least in social
sciences, raw data are often presented in government or non-governmental publications,
and there is no need to present these in peer-reviewed publications. However, such data
may be unequally represented across countries, income inequality being accompanied by a
data inequality factor. This effect may not be restricted to social sciences, but notable in
natural science too, Nevertheless, globally-relevant data, which are often easily available
to all, remain poorly presented visually across many fields. Recent work such of
McCandless’ books (2009, 2014} will hopefully stimulate interest in this direction, and
soon we could have global data suitably illustrated on a broader scale.

The question is—if we are to even out the use of methodologies (cf. null model in
Fig. 1), while utilising the same overall research capacity, where would one need to cut
down, and at what levels? Without denying the importance of inferential thinking in
decision making and even in brain development (Bymes and Dunbar 2014), I propose a
smoother transition into it for both individuals and disciplines. At an individual level,
earlier exposure to inferential statistics would reduce the differences between high school
and university students in this respect (Garcia Alonso and Garcia Cruz 2010), and make the
step from one level to the other less painful (painful it certainly is for most South African
students—and T suspect elsewhere in the world too). At the same time, I would advocate
giving a higher status to descriptive studies, while retaining hypothesis testing for situa-
tions where multiple descriptive studies have led to key questions becoming clearly
crysialised. I would also encourage formally linking the ways of questioning things
between qualitative and quantitative research. This would create a more cohesive research
landscape, and one likely to be found more attractive by new entrants. While the concept of
common sense may be viewed as having little relevance to research, any research disci-
pline ends up creating its own paradigm, its own idea of what is common sense. A cross-
discipline culture that would accept and -incorporate some informal inferential thinking
(Madden 2011) would promote the use of simple inferential statistics, but at the same time
remove inferential statistics from the pedestal that separates research from the man on the
street, and qualitative from guantitative paradigms.
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