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During the last three centuries, humankind has seen a rapid increase in the number of new and
emergent technological innovations. This emergence of new technologies begun relatively slowly,
but quickly started accelerating as the previously invented technologies aided the invention of
further technologies. The acceleration of technological progress has now led humankind to the point
where the emergence and adoption of technology far surpasses our capacity to fully comprehend the
impact that these technologies could have on our societies before said technologies are adopted.

This thesis and the largely exploratory study within investigate the effects that smart devices
have on short-term memory. Smart devices were chosen as the focus due to the speed at which they
have spread all across the world and their ubiquity. A number of previous studies have already
found that smart devices have a substantial negative effect on multiple aspects of human cognition;
attention, task performance, and memory all suffer due to the influence of smart devices. The goal
of the present study is to investigate whether reading a text by using a smart device leads to less
information retained compared to reading a text from a paper, and to use the results of the study to
judge whether this subject is in fact worth investigating in further detail.

A total of twelve participants were recruited for the study. The study participants were
divided into two groups and were tasked complete two tasks on subsequent days. The first task
tasked both groups to first read a text, group 1 read the first text using a smart device and group 2
read the text from paper, and then to complete a brief multiple choice test. Task 2 was much the
same as the first task, but this time group 2 was to read a text using a smart device and group 1 was
to read a text from paper. The results of the multiple choice tests were then analysed and it was
discovered that reading a text using a smart device has a substantial negative impact on short-term
memory on individual and group wide levels, as well as across the groups, which therefore indicates

that the subject is indeed worth studying in further detail.
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Viimeisen kolmen vuosisadan aikana uusien innovaatioiden ja teknologioiden maara on ollut
huomattavassa kasvussa. Taméa kasvu alkoi suhteellisen hitaasti, mutta kiihtyi nopeasti aikaisempien
innovaatioiden ja teknologioiden auttaessa uusien innovaatioiden keksimisessd. Tastd seurannut
kiihtyva teknologinen kehitys ja teknologioiden kdyttoonotto on nyt johtanut ihmiskunnan
tilanteeseen jossa ymmarrys teknologioiden vaikutuksista on jddnyt kdyttoonottonopeuden varjoon.

Tama teesi ja teesin sisdltdma tutkimus keskittyvit dlylaitteiden vaikutuksiin ihmisten
lahimuistiin. Aikaisempi tutkimus &dlylaitteiden vaikutuksista ihmisten kognitioon on jo osoittanut,
ettd dlylaitteilla on huomattavia vahingollisia vaikutuksia ihmisten tarkkaavaisuuteen, tyon
suorituskykyyn, sekd muistiin. Tdmén teesin sisdltdméan tutkimuksen tarkoituksena on selvittda
kuinka tekstin lukeminen élylaitteelta vaikuttaa ihmisten l&himuistiin verrattuna tekstin lukemiseen
paperilta, ja tuloksista riippuen ratkaista, ettd kannattaako aihetta tutkia tarkemmin.

Kaksitoista osallistujaa rekrytoitiin tutkimusta varten. Osallistujat jaettiin kahteen ryhméaan
ja heille annettiin kaksi tehtdvada tehtdvéksi kahtena perdkkdisend pdivdnd. Ensimmadinen tehtdva
antoi osallistyjille tehtdvdksi lukea yhden tekstin, jonka jilkeen heiddn tuli tayttda
monivalintakyselykaavake. Ryhmé 1 luki tekstin &lylaitteelta ja ryhmé 2 luki tekstin paperilta.
Tehtdva 2 oli muuten samanlainen kuin tehtdvd 1, mutta ryhma 1 luki tdhédn tehtdvain kuuluvan
tekstin paperilta ja ryhmd 2 luki tekstin dlylaitteelta. Tehtdvien jdlkeen osallistujien antamat
vastaukset analysoitiin, ja analyysin perusteella saatiin selville, ettd kun teksti luetaan dlylaitteelta,
osallistujien tekemien virheiden méérd kasvoi huomattavasti yksilo- ja ryhmétasolla, sekd ryhmien
vilisesti. Saatujen tulosten perusteella voidaan siis paitelld, ettd aiheen tutkiminen tarkemmin ei ole

pelkdstiddn hyodyllistd, mutta myos toivottavaa.
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1. Introduction

Technological progress has been relatively slow throughout the history of humanity. It was not until
the beginning of the first industrial revolution that this slow creep of technological progress turned
into an almost exponential stream of new innovations and inventions. This beginning of the new
industrial era is what started to transform formerly agricultural societies into industrial ones,
ultimately leading to the high-tech societies of the modern day. The transformation started out rather
slowly, but over time the technological progress accelerated with the aid of various new innovation
and technologies. Furthermore, the rise of new industries also created new demands, which in turn
pressured innovators to come up with new solutions. Improved communication technologies
allowed increasingly faster sharing of information, which, again, helped to accelerate technological
progress. Almost every single field of life has gone through multiple transformations due to new
technological innovations. One field, however, has seen very little integration of technology:
education. In fact, new technologies have only recently started to be adopted in educational
institutions across the world, and out of these technologies, smart devices are amongst the most
common ones. Smart phones, tablet devices, and laptops have infiltrated almost every classroom in
developed countries, and these devices have been in existence in their current prolific form for just
over a decade. This infiltration of smart devices is not just limited to educational spaces, they are
everywhere, and they seem to demand an ever increasing amount of attention from their users.
While the benefits that smart devices bring to the table are manifold, having access to the
summation of human knowledge and being able to stay connected to friends and family at all times
to name two, the detriments are also equally, if not more, numerous.

The purpose of this thesis, and the experiment contained within, is to investigate one specific

possible detriment that smart devices might have: does reading from smart device lead to worse



learning outcomes than reading from paper? To answer this question, a largely exploratory
experiment was conducted to find what kinds of effects reading from a smart device versus reading
from paper have on short-term memory.

This thesis will first present a brief history of the three industrial revolutions to give proper
historical context to the recent developments. Following this, a number of technological innovations
and the unforseen effects they had on humanity will be discussed to show how the lack of
understanding of technology can lead to horrific outcomes. The thesis will then move to present a
proper definition for the term 'smart device' and delimit the definition to better fit the purposes of
this thesis. Then a number of previous studies, focusing on the more worrying findings regarding
smart devices, will be presented. This section is then followed by an overview of the present
experiment, which, in turn, is followed by a section justifying some of the choices made in the
setting of the experiment. This is followed by sections where the data from the experiment is
analysed, the results presented, and discussed. Finally, a section where the main findings are

recapitulated and final conclusions are made is presented.

2.0 The three industrial revolutions

Most developed western nations have gone through three industrial revolutions thus far: the first
industrial revolution, which started approximately in 1760 in Great Britain, although the exact year
is a matter of some debate (Nef, 1934), and ended in somewhere in between 1820 and 1840. The
second industrial revolution started roughly thirty years later, in 1870, and ended in 1914, the very
same year that marked the beginning of the first world war. The third industrial revolution is
generally attested to have begun in 1947, and is yet to conclude. All of these industrial revolutions

are marked by specific technological innovations which, as they spread through our societies,



transformed the ways in which we lived our lives. All of the industrial revolutions are also marked
by extremely rapid technological progress, which, unsurprisingly, is one of the primary concerns
that many academics and scholars have voiced, with the reason being that we do not have good
enough understanding as to what kinds of effects the accelerating changes brought by technological
advancements have on the various societies they are introduced to (Rescher, 1980).

Below is a brief history of the industrial revolutions, what brought them about, and what
kinds of effects they had on our societies. Additionally, some of the more recent developments and
discoveries are discussed, especially those pertaining to learning and academic performance.
Finally, a brief discussion on why it is only now that the concerns that have been raised over the
adoption of new technologies in the sphere of education have become pertinent enough to cause the
concerns to spread. This section, while it may seem out of place, is important so that the recent
developments and the concerns regarding these recent developments can be given proper historical
context, and to highlight exactly how rapid the recent progress has been, and thus, why it is of

utmost importance that more attention is divested into this field of study.

2.1 First industrial revolution

The first industrial revolution begun spontaniously in Great Britain, and from there spread to the
rest of the western world. The hallmark developments are generally agreed upon, and are not
limited to only the more well-known technological advancements and industrialization, the
transformation of a society from agrarian to industrial, but also include large-scale demographic
transformations. The major technological innovations in the field of industry included the textile
industry due to the invention of the power loom, improvements in iron making which allowed larger

scale production of iron to meet the new industrial scale demands, invention of machine tools, such
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as lathes and milling machines, which, in turn, allowed the economical production of precision
metal parts, and finally, and perhaps most importantly, improvements in the efficiency of steam
engines which were used to power most of the other mechanical inventions at the time. Other
related fields that benefitted from the technological advancements include, but are not limited to,
chemistry, material sciences, glass making, paper making, and agriculture. Agriculture being
perhaps the most important field of all due to the improvements allowing for greater productivity
without needing as many workers as before, which then allowed these now free workers to provide
their labour for other industries.

Transportation and communication also saw rapid improvements. Transportation was made
more efficient through the introduction of better roads and improved waterways, both of which were
later improved further as railroads and steamboats entered the scene. Communication, which had
been thus far primarily carried either on foot or by horse, became much faster due to the invention
of telegraphs in 1837, and telephones in 1876, which, due to making the exchange of information
faster, made the world just that bit smaller and more well connected and thus further contributed
towards future technological development.

While the progress and the benefits brought by the first industrial revolution were great, a
number of less than beneficial developments came with it. Urbanization, while quite a natural
development due to the increase in demand for labour in the manufacturing sector and the
simultaneous decrease in agriculture sector, put people in quite the unnatural environment. The
people, now tightly packed together, saw a substantial decrease in both physical and mental well-
being; sanitation and health services were either subpar or near non-existent. Furthermore,
criminality saw a substantial increase as well, an effect that seems to invariably come with
urbanization, an observation which can be made even today in developing countries that are going
through their own industrial revolutions (Jalil, 2010). General living expenses also saw an increase

as the demand for housing and general goods increased, an expected development, one that basic



supply and demand rules predict. The environment also suffered, although the effects would not
become evident until later. In essence, the living standards of the working class were awful relative

to the 21* century standards.

2.2 Second industrial revolution

The second industrial revolution, or the Technological Revolution as it is sometimes called, picked
up where the first industrial revolution left off. The developments that were started during the first
industrial revolution continued, new technologies and innovations now becoming more wide spread
and accessible to the general public, and material technologies continued to improve. With these
improvements becoming more wide spread, the demand for new goods also rose as a result, which,
in turn, placed new demands on the production of said goods. This necessitated increases in the
production capabilities which were quickly met due to inventions such as replacable parts which
allowed the mass production of the needed goods.

While these developments were as a whole beneficial to the standards of living, they did not
come without detriments. The great increases in production demands also increased the amount of
energy required to run the new technological innovations; coal alone, which was introduced during
the first revolution, was not enough and as such other energy sources were required. To combat this
new need for energy, oil and gas were introduced as new sources of energy. The steam engine,
which can be said to be the crown jewel of all the inventions made during the second industrial
revolution, also became wide spread and was adopted for use in many industries, such as forestry
and mining, in order to meet increased production demands. New technological innovations

continued to appear at a rapid pace and were integrated into different industries, and as these new
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technologies continued to spread outside of industry, they were adopted as parts of peoples' every
day lives. The end of the second industrial revolution came to an abrupt end when the first world

war started in 1914.

2.3 Third industrial revolution

The period of time from the beginning of the first world war until the end of the second world war,
while not devoid of technological advancements, different military related technologies
unsurprisingly saw a sharp increase, was not as impactful or rapid in its technological progress as
the periods of the first and the second industrial revolutions were. Instead of the focus on new
innovations and technologies that marked the first two industrial revolutions, the technologies
invented thus far were improved upon and production processes were optimized. Although
relatively poor in new innovations, there was one field in particular that saw continued and rapid
improvements: engines. It was not until 1947 when a new industrial revolution, and the thus far
unbeforeseen, almost exponential technological advancement started taking place.

The beginning of the third industrial revolution, the Digital Revolution, can be dated to the
year 1947 and the invention of the humble transistor. This unassuming electronic component
became perhaps the most impactful invention that the modern human had made thus far, paving the
advanced computing and the rapid technological progress that improved computers allowed for.
Thanks to this and number of other computer related inventions, the MOS chip for instance, the
information processing capabilities of computers started to skyrocket. This drew the attention of
both governmental organizations and private companies which recognized the potential that

improved computers had. The attention brought with it new innovations, improved funding, and
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experts to be, and thus production methods improved. This, then, led to further improvements in
computer components, the production methods used to produce said components, and
improvements on the software side of computing. Computers, which upon their inception were
prohibitively expensive and large enough to fill entire rooms, became cheaper and smaller year by
year. By the year 1970 computers had become small enough and affordable enough that they were
no longer out of the common consumers' reach and thus, home, or personal, computers started being
adopted by people.

In addition to computer technology, another massively impactful technology was also in the
works: the internet. This technology had its beginnings in the relatively humble ARPANET project
started in 1966 and was declared operational in 1971. This new technology, due to the great
prospective communication benefits that it could bring, saw a great deal of interest. Thus it was not
surprising that the development of the concept was rapid, and it did not take even two decades for
this technology to evolve into what is now known as the world wide web, which became accessible
to the wider public in 1991. This technology improved rapidly, and due to the benefits it brought,
rapid access to information and the ability share information almost instantaneously, the internet
quickly stormed into the world stage. Almost every single country had access to the internet in one
form or another by the year 1999. These technologies, computers and the internet, continued to be
improved upon over the next two decades: computers continued to become smaller and smaller,
ultimately leading to the pocked-sized smart devices that are currently taking over the world, and
the internet evolved to its current interactive Web 2.0 form. The digitalization of our societies is

well under way and it is almost certainly unstoppable.



2.4 Two failures to look before leaping

The three industrial revolutions highlight the rapid pace of technological advancement humanity has
made over the last three centuries. They also highlight the acceleration of technological progress as
well as the accelerating speed at which we adopt new technologies. While on the surface these
might seem like a good developments as new technologies tend to be better than old ones and thus
provide greater benefits than the technologies they supplant, this, however, is not always the case.
This is especially worrisome due to the oftentimes all too slow discovery of the downsides of the
new technologies.

To illustrate some of these failures to apply the common sense principle of looking before
leaping, two past innovations will be presented and discussed. The first of the two is the invention
of the substance known as Scheele's Green, a vivid, yellowish-green pigment invented by Carl
Wilhelm Scheele during the early parts of the first industrial revolution. This seemingly innocuous
new pigment quickly gained in popularity amongst the general public due to the invention and
spread of indoor gas lighting, which in turn made it possible for people to enjoy the visual
spectacles that the use of colors in furnishing brought into their homes. This new green pigment was
used for wallpapers, in paints, and furniture; most homes of this era had something that used this
new pigment in some way. The adoption of this pigment however coincided with a wave of
mysterious illnesses and deaths. As it turns out, at least from a current date perspective, there was
really nothing mysterious about this wave: the component which gave Scheele's Green its
characteristic vivid green color was arsenic. While we now understand the dangers of using arsenic,
at the time this understanding was woefully lacking. The realization that the arsenic was the culprit
behind the wave of illnesses and deaths came slowly, and while the consumers eventually
recognized the danger of using arsenic-filled wallpaper, the pigment itself was never officially

banned in Britain.
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The second innovation is tetraethyllead as a fuel additive. This organolead compound was
originally identified and synthesised in the mid 19" century, but it was not until 1921 that it was
discovered that this compound could be used as a fuel additive to increased the knock resistance of
fuel. General Motors had rolled out their newest line of vehicles in 1909, the first of which was the
Cadillac model 30. The model, however, came with a problem: the fuel used at the time was not as
suitable as it should have been for the type of internal combustion engine that the model was fitted
with. The engine used in the model 30 was a high compression internal combustion engine, but the
fuels used at the time were not designed to endure the high compression environment inside the
engine's cylinders which caused the fuel to haphazardly combust when it should not have done so.
This tendency to combust at unintended times not only created a lot of noise, but also caused undue
wear and tear on the engine itself. This effect, due to the loud noise it made, was named engine
knocking. General Motors had to fix this problem somehow as the later car models they released
also used similar high compression engines, engines which in fact became an industry standard
during the following years and remain so even to this day. Instead of modifying the engine design
itself, they opted to research fuel additives so they could discover an additive that acted as an
effective antiknock agent and, as was mentioned above, in 1921 they finally discovered
tetraethyllead. This new fuel-tetracthyllead mixture worked wonders, and it did not take long until it
was adopted far and wide due to the high performance and relatively low cost of the mixture.
However, what the general public was not made well-aware of was that the fuel additive was indeed
a compound which contained lead. The health risks that exposure to lead had were already well
known at the time, both amongst researchers and the general public, and it did not take long for
controversy to erupt (Kovarik, 2005). It took more than fifty years for governments to start
requiring the phasing out of tetraethyllead fuels and another thirty to complete this phaseout, but at
this point the damage was already done. Tetraethyllead is extremely toxic, requiring only minor

exposure to lead to severe lead poisoning, and by the time leaded fuels were starting to be phased
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out, lead had already spread everywhere. Apart from the obvious health effects that lead poisoning
has, lead is also highly neurotoxic. Lead exposure has been linked to lowering of IQ levels, even
when the exposure to lead has been mild (Schwartz, 1994; McFarland, 2022) as well as increased
levels of antisocial behaviour, violence, and criminality (Needleman et al., 2002). Thus there is an

unexpected link between leaded fuel and social instability.

2.5 The takeaways

During the course of the industrial revolutions, there is an easily observable trend of accelerating
technological progress, a trend which makes sense since older technologies and innovations are
often used to fuel and further accelerate upcoming progress and innovation. The rate at which new
technologies are adopted is also increasing, perhaps due to humanity's desire for the novel, or
perhaps due to the sheer volume of new and exciting technology. These developments, however,
come with a number of downsides. Some of the new innovations are in fact not entirely benign, a
fact that can be seen from the two examples given in the previous section. In the case of Scheele's
Green, the full effects of arsenic were not well-known at the time the innovation made its
breakthrough, and in the case of tetracthyllead as a fuel additive, the general public and government
regulators were not made aware of the dangers of leaded fuel fast enough. Both of these examples
make the danger of acceleration apparent: there is not enough time to fully grasp the effects of new
technologies before they are adopted into use by the general public, this especially so as progress
continues to accelerate. Some of the newer technologies that have caused concerns amongst

researchers and scientists are, for example, social media, blockchain technology, and the focus of
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the present thesis, smart devices. The adoption of these technologies and innovations has been fast,
and they have spread far and wide in a very short amount of time, which has left researchers with

very little time to examine the effects these technologies might have on our lives.

3.0 Technology and education

While new technologies have been integrated into most aspects of life in western nations, one field
has been slow to adopt these new technologies: education. While the rest of the society adopted new
technologies at a rapid pace, the field of education remained surprisingly resistant to adopting and
integrating new technologies. The same tools that had been used for centuries, albeit slightly
improved, continued to be used: pens and paper are commonplace, blackboards are still in use, and
the classrooms remain largely the same as they were hundred years ago. While it is true that
technology has been integrated into the educational settings in some ways, projectors for instance
have been in use for almost two decades now, the integrated technologies still follow the same
principles as the ones they supplanted. There are, however, some more radical developments that
have started to take place. For instance, a number of different online platforms have been integrated
into education. Moodle, for one, can be used to share course material and make the said material
available at any time, a feat that was not possible before the advent of the internet. Before this the
teachers needed to hand out the course material in a physical form, and if the students lost the
material, they would no longer have access to it. This and other sorts of small improvements have
taken place due to the internet becoming common. Interestingly, however, the largest integration of
technology was not instantiated by the educational institutions themselves, but the very students
who attend these institutions: smart devices have slowly, but surely, infiltrated every space in

western educational institutions, thus supplanting many of the traditional tools that were in use until
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this point. Pens and paper replaced by analogue or digital keyboards and LED screens, course
material made accessible at any time, and perhaps most impactfully, the possibility to access the

courses and materials remotely.

3.1 Recent developments

As anyone who has an eye for technological progress can attest, it is undeniable that western
societies are moving towards a future that demands an increased use of different digital
environments and solutions. This is especially true for the field of education where digital solutions
are starting to be the preferred option over the more traditional ways of doing things. This
development towards the preference of the digital over the analog has become even more
pronounced due to the COVID-19 pandemic which has forced many of the educational institutions
to do away with contact teaching in favour of remote options due to health and safety concerns.
However, the move towards digital solutions in education started long before the pandemic; the
pandemic itself only served to accelerate the already ongoing changes in the educational landscape.
As can be predicted, these changes have sparked numerous debates amongst experts. One of
these debates in the field of education is whether or not cursive should still be taught in schools,
perhaps an odd one, but nevertheless a pertinent issue as the need for cursive, and handwriting in
general has become less necessary over time due to keyboard writing. In fact, many states in the
United States of America have chosen to remove the teaching of cursive from their school curricula
in favour of teaching typing using a keyboard. While this move has been met with criticism (Berger
2017), this kind of criticism has been largely ignored, partly due to the sheer utility and
preponderance of digital environments and the keyboards that are necessary to operate within these

environments. Some states in the US have, however, mandated the teaching of cursive, much to the
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pleasure of the critics (Loewus 2016; Rueb 2019), thus carrying on the traditional educational ways.
These developments are not only limited to the USA; Canada has seen similar developments over
the last decade (Geyn 2013), and it is not only probable but likely that almost every single
developed country is moving towards digitalization in education.

One might then ask: why is this important in any way? Why does it matter if schools no
longer teach cursive? Is it not just a good thing that school curricula change to better suit the times
we live in? After all, with the proliferation of different smart devices and their accompanying
writing implements, keyboards and touch screens, the need for cursive, and handwriting in general,
is indeed seemingly coming to an end.

Handwriting, as it turns out, is "important for the early recruitment in letter processing of
brain regions known to underlie successful reading" (James and Engelhardt 2012). Handwriting, it
seems, is of great benefit to young children who are in the early stages of learning to read. Further
evidence for this importance of handwriting is provided by Kiefer et al. (2015). They investigated
the differences that writing by hand and typing using a keyboard had on a group of preschool
childrens' reading and writing performance. They trained the children on eight different letters of
the German alphabet over 16 training sessions, during which one group was exclusively trained
through typing, while the other group was exclusively trained through handwriting. They assessed
the subjects' letter recognition, letter naming, letter writing, as well as word reading and word
writing, and the results of their analysis showed that typing was not in any way superior to
handwriting while handwriting was superior in two of the assessed items: word reading and word
writing. The results, therefore, show that learning letters through handwriting instead of typing is
more beneficial in terms of learning outcomes due to, as Kiefer et al. claim, handwriting facilitating
perception-action coupling.

Furthermore, it seems that the writing implement used for learning letters is important as

well. Mayer et al. (2020) tested which one of three different writing implements, traditional pencil
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and paper, virtual keyboard, or a stylus on a tablet, provided the best learning outcomes for reading
and writing performance as well as visuo-spatial skills. They found that using a pencil on paper and
using a keyboard both had specific advantages, while, unsurprisinlgy to them due to the background
literature, stylus on tablet did not have any advantages over the two other methods. Participants
trained with pencil on paper showed superior performance on two areas: visuo-spatial skills and
letter recognition, while subjects trained through the use of a keyboard showed superior
performance in word writing and word reading compared with a stylus on a screen. They conclude
that "handwriting with pencil fosters acquisition letter knowledge and improves visuo-spatial skills
compared to keyboarding."

As the research findings show, writing by hand has a number of beneficial learning effects
that writing done on a keyboard or other writing implements lack. Writing using a keyboard also
has its advantages as Mayer et al. found, although these advantages do not surpass those provided
by handwriting. Overall, writing by hand seems to offer the most in terms of beneficial learning
outcomes. As for the worries regarding the removal of cursive from school curricula, while they are
not entirely unfounded, are of much less importance due to the main benefits of writing by hand not

necessitating cursive in particular, but writing by hand in general.

3.2 Why focus on smart devices?

Smart devices are at the moment the newest piece of technology that has been adopted far and wide.
The adoption of these devices into educational contexts is not particularily surprising as they are
widely available, provide unbeforeseen functionality, and are extremely portable and thus ever
present. Out of all the different types of smart devices, smart phones, laptop computers, and tablet

devices are the most commonly occurring devices in the context of education. The benefits of these
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devices are many, for instance, ease of access to information. However, the adoption of these
devices has brought a number of problems as well. The ever present access to the internet keeps the
users constantly connected to other users through e-mail services, different chat applications, and,
most importantly, through social media. This constant connectedness, while it may sound like it is
of great benefit, is in fact one of the greatest detriments of smart devices in terms of learning
outcomes as will be shown in the sections to follow.

The previous section illustrated some of the problems that the adoption of new writing
techniques has brought with it in terms of reading and writing performance. The section also
showed that there are certain disagreements between researchers as to how detrimental these effects
are and whether the older techniques should still be taught. The study of smart devices in terms of
the effects they have on different, some very simple, aspects of learning is woefully lacking, and

there is little systematic research done on the subject.

4.0 Background Literature

The adoption of new technologies, as can be seen from the previous sections, is often so rapid that
there is little to no time to research the effects, especially the negative effects, that those new
technologies bring with them. This is perhaps due to these negative effects mostly emerging in the
long term, while the positive effects, which are commonly used to drive the adoption of the new
technologies, emerge sooner. The focus, unsurprisingly, therefore is on the positives rather than the
negatives. However, if the possible negative effects that new technologies are not studied in-depth
before adopting new technologies, the negative effects can border the catastrofic. An example of
this kind of a possible catastrofic development is climate change which, as it is commonly claimed,

is mostly driven green house gases emitted by fossil fuel burning, a concern which was not taken
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seriously until very recently.

The following sections will first present a proper definition for smart devices and how the
term is used in the context of this thesis and then move to present a number of studies showing
some of the more worrying findings pertaining to the effects that smart devices have in the context
of learning and academic performance. These studies will show where this particular field of study
is currently. Furthermore, the findings of these studies will be used to both to inform the choices
made in the present study and to guide the analysis of the data.

To be noted is that while the focus of this thesis is on the negative effects of smart devices,
there are a number of positive effects as well. Furthermore, while it may be easy to assume that this
thesis, due to its focus on the negative effects, is an attempt at discouraging the adoption of new
technologies in the educational context, or even an all out condemnation, the thesis should not be

taken as such.

4.1 Defining smart device

Colloquially smart devices are most commonly known to be smart phones, tablet devices, laptops,
and sometimes even desktop computers. While this colloquial understanding of what a smart device
is is not entirely inaccurate as these devices certainly qualify as smart devices, this understanding is
somewhat lacking in breadth and depth. The devices listed above are merely the peak of the iceberg,
the devices that are most well known and most visible in peoples' every day lives. In reality, smart
devices come in many other shapes and sizes: home appliances such as refrigerators and washing
machines, and toasters, larger devices such as smart cars, and smaller wearable devices such as
smart wrist watches. Many of these devices seem almost disconnected from the others, a

refrigerator and a smart phone are hardly comparable after all, however, they do have a number of
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similarities that result in all of them being categorized under the umbrella term "smart device."

While the colloquial understanding is not entirely inadequate, a proper definition of smart
device is required. Manuel Silverio, a researcher of connected autonomous vehicles at Coventry
University, UK, defines smart devices as devices that are capable of network connectivity, are
context-aware, and have the ability to perform autonomous computing. Network connectivity is
perhaps the most self-explanatory of these three key aspects: the device has to be able to connect to
a data network, be it the world wide web or another data network separate from the world wide
web. The two other key aspects, however, are not as self-explanatory. Context awareness refers to a
device's ability to gather information about its environment at any given time and adapt behaviours
accordingly. For example, a sensor connected to a light source, which, when it detects movement,
sends a signal to the connected light source which then causes the light source to turn on. Finally,
autonomous computing refers to a device's ability to perform tasks, or computations, without any
direct commands by a user. For example, the navigation system of a car that calculates the most
efficient route to a destination, which, in the event that the driver of the car does not follow the
route planned by the navigation device, is capable of automatically recalculating the next most
efficient route.

These three key concepts are a result of Silverio's previous work. Silverio et al. (2018)
performed an in-depth literature review in order to find a proper definition for what a smart device
is. Through this review they found that the terminology used is inconsistent at best, something that
is not entirely unexpected as the study of smart devices emerged as a field of research only recently.
This inconsistent use of terms, as can be expected, is detrimental to the field, and as such, a proper
definitions for the terms, definitions that authors can agree on, are not only helpful but necessary.
This necessity led to the the three key concepts explained above: autonomy, context-awareness, and
connectivity.

The study also introduces another concept: the internet of things (IoT). While this concept is
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not crucial for the present thesis, a brief explanation can be useful. The internet of things "is a
system of interrelated computing devices, mechanical and digital machines, objects, animals or
people that are provided with unique identifiers and the ability transfer data over a network without
requiring human-to-human or human-to-computer interaction" (Gillis 2020). In more simple terms,
the internet of things is an inter-connected network of a number of devices, objects, animals, or
people, that are connected to each other, and through that connection can interact with each other
remotely. This, in effect, would also bring many of the listed entities closer to what a smart device is
which goes to show just how large the umbrella of smart device is in all actuality, especially if the
definition of smart device is left loose or vague.

As can be seen from the definition, smart device as a term covers a wide variety of devices.
Due to this, a more precise definition is used in this thesis so that a number of irrelevant smart
devices can be removed. In this thesis, unless otherwise specified, the term "smart device" is used to

refer to a group of devices consisting of smart phones, tablet devices, and laptops; a grouping that is

closer to the colloquial understanding of the term.

4.2.0 Negative Effects of Smart Devices

Workflow interruptions caused by the beeping or vibration of a smart phone receiving a message or
a notification is common in all facets of life today. Be it during the performance of a job, during
class in an educational institute, or merely during family dinner, the occational beep or vibration let
out by a smart phone is not a surprise to anyone. It is, however, disruptive to the degree of being
annoying, not only to the owner of the phone, but to other people as well. These devices seem to
have an almost ravenous hunger for human attention, disrupting workflows and conversations with

their beeps. In light of this kind of disruptive power, it is not surprising that there are numerous
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negative effects that smart devices have on academic success, as most material needed for academic
success requires the undivided attention of the student. The following sections will present a
number of studies exploring the effects that smart devices have on the human mind, the focus being

primarily on three particular aspects of human cognition: attention, task performance, and memory.

4.2.1 Attention and task performance

A study by Stothart, Mitchum and Yehnert (2015) focused on the effects that waiting to respond to
phone calls and messages has on attention performance; whether receiving a message or a call and
not responding to it would affect attention or not. They tested a group of 212 undergraduate students
of Florida State University of which 46 were excluded leaving a total of 166 participants. The
participants were tested using a sustained attention to response task (SART) where numbers ranging
from one to nine were presented to the participants in no particular order and the participants were
instructed to press a key every time a target number appeared, with the exeption of the non-target
number three. The task was divided into three sections, an 18-trial practice block, and two 360-trial
blocks. All nine numbers were presented 40 times in randomized order to each of the participants
during the 360-block trials. The participants were divided intro three different groups: the text
messaging group which consisted of 57 participants, the call group which consisted of 50
participants, and the no notification group which consisted of 59 participants. During the
experiment the participants in the text messaging group received text messages, the participants in
the call group received phone calls, and the no notification group, which acted as a control group,
did not receive text messages or phone calls. The calls and messages were sent at set intervals: the
first after the first trial, the second after the 91* trial, third after the 181* trial, and the final one after

the 271* trial. Two attention performance metrics were examined, the first being the number of
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commission errors (responses to non-target numbers) the participants made during the experiment.
The second metric was anticipations, responses where the participants responded before they could
have been able to process the number presented before them. A mixed-effects logistic regression
was conducted for both of the metrics, and through this analysis, Stothart et al. discovered that the
probability that the participants made errors increased between blocks, a finding that is to be
expected as sustaining focus for long periods of time is exhausting, and exhauston tends to disrupt
attention. The most important finding of the study was that compared to the control group, the
probability of errors increased much more in the text messaging group and the call group, and
although this increase in probability did not differ greatly between the text messaging group and the
call group, the magnitude of increase was higher for the call group. Stothart et al. also logged
whether the phones of the participants in the call group were ringing and, contrary to what one
might expect, a ringing phone did not increase the probability of making errors. These findings
show that even when a cell phone is not interacted with after a notification is received, the untended
notification can significantly lower the subsequent performance in attention demanding tasks. These
results are not too surprising in light of the results of an earlier pair of experiments conducted by
Thrornton et al. show.

Thornton et al. (2014) conducted two separate experiments aiming to explore whether the
mere presence of a cell phone has negative effects on attentional processes and task performance.
Their first study was divided into multiple parts: two separate digit cancellation tasks (see Hatta et
al. 2012), first of which was cognitively less demanding than the second, two trail making tests (see
Bowie, Harvey 2006) from which the first, again, was cognitively less demanding than the second,
and finally, after the completion of the previous tasks, the participants were instructed to fill two
brief questionnaires. The participants undertook the digit cancellation tasks and trail making tests in
pairs, with one of the participants having a spiral notebook approximately the size of a smart phone

on their table, while the other participant had a smart phone, innocuously left by the experimenter,
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on their table. The participants were not asked to turn off their phones during the tests as to not
draw any undue attention to the phone left by the experimenter in front of the second participant.
This setting, one participant with a notebook on their table and the other participant with a phone on
theirs, created a situation where the participant with the notebook in front of them acted as the
control. The participants then went on to complete the digit cancellation tasks and the trail making
tests under strict time constraints, after which they filled in the two questionnaires. The first
questionnaire was an attentional behaviour assessment (see Ponsford, Kinsella 1991), and the
second a cell phone usage and attachment survey. They found that there was no significant
differences between the participants on the simpler, cognitively less demanding tasks. However, the
more cognitively demanding tasks showed a marked decrease in performance in the participants on
whose tables the experimenter had left their phone. Furthermore, they used the questionnaire
answers to conduct two multivariate analyses to find whether there were variables other than the
presence of the phone at play and, by so doing, found that no other variable, sex, age, condition, and
so forth, had any significant effects on the results. The findings of this study thus provide evidence
to support the claims that the presence of a cell phone negatively impacts attention and task
performance. Their second study was done in order to replicate the findings of their first study
outside of a controlled environment, and the materials used were same as they were in the first
study. In this study, instead of having the participants take the tests in pairs, two larger groups, both
consisting of more than twenty participants, were tested. The participants in the experimental group
were instructed to have their cell phones on their tables, whereas the participants of the control
group had their cell phones hidden away in their pockets. The findings of this study were the same
as the findings of the first: there were no significant differences in performance between the two test
groups during the less demanding tests, but the presence of the cell phones led to reduced

performance in the more cognitively demanding tests, and that the only significant variable was the
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presence of a cell phone. Thus, both of these studies provide evidence for the mere presence of cell
phones having a negative effect on the participants' attention and task performance while
performing more cognitively demanding tasks.

In light of the findings of both of these studies, it can be said that cell phones, and by
extension smart phones, are highly detrimental to both attention and task performance. Not only do
unattended notifications and calls decrease attention and task performance, but the mere presence of
a phone is enough to have a substantial negative impact on attention and task performance. As to
how big of a difference there is between the two, as in which one of these impacts attentional
performance more, is a question yet to be answered, but one could hypothesize that the mere
presence has less of an impact. Regardless of the answer that that particular question, it is clear that
smart devices, which demand much more attention than cell phones due to their expanded
functionality over cell phones, have detrimental effects on attention and task performance especially

in academic contexts which demand high levels of cognitive processing.

4.2.2 Memory

As was shown in the previous section, cell phones, even when not in use, are detrimental to
attention and task performance. These devices drive the users to split their attention between the
phone and the task at hand which is especially harmful when the task requires heightened cognitive
processing to be performed successfully. Media multitasking refers to an act of consuming multiple
different media at the same time, for example, reading a book while occasionally texting using a
cell or smart phone. Media multitasking leads to people switching their attention, often at a rapid
pace, between two or more attention demanding targets (Brasel & Gips, 2011). Within the

controlled settings, such as those in the studies presented in the previous section, this split attention
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tends to be relatively minor; the beep of a phone, or the mere presence of one during a cognitively
demanding task can hardly be compared to actually picking up the phone to answer to the demands
of the beep and thus completely interrupting the completion of the task. This sort of split attention
can hardly be beneficial to learning outcomes due to learning requiring a great amount of focus and
cognitive processing. This section presents a number of studies exploring the effects that smart
device usage and media multitasking has on memory and executive functioning (working memory
capacity).

Cain et al. (2016) conducted an expansive series of experiments on a group of 73 adolescent
participants whose age ranged from 12.8 to 16.5 (mean = 14.4). The goal of their study was to find
whether there is a connection between media multitasking and executive function, cognition, and
personality. Their first step was to create a media-multitasking index score for the participants,
which, in the case of this study was a modified version of the Media Use Questionnaire (see Ophir
et al., 2009). The purpose of the questionnaire was to assess the amount of media that the
participants consumed simultaneusly, for example, how much time a participant spent watching
television while at the same time consuming some other form of media. The resulting MMI score
was then compared to the results of the other experiments done in the study to see whether there
were any correlations between multimedia consumption and the results of the experiments. The
experiments measured the participants' abilities in multiple different domains: academic
performance, executive functioning, crystallized intelligence, personality, cognitive processing
speed, manual dexterity, and probabilistic classification. Academic performance was assessed using
Massachusetts Comprehensive Assessment System. This part was divided into two subtests, the first
of which was concerned with mathematics, and the second English Language Arts. Measuring
executive function involved three different experiments: a working memory count span task, a

working memory N-back task, and a working memory filtering task. Crystallized intelligence
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involved two tasks: a verbal comprehension task and a calculation task. Personality factors
measures included four tests: a growth mindset test, a test measuring grit, a test measuring
conscientiousness, and a test measuring domain-specific impulsivity.

They first calculated the MMI score for each of the participants, and then moved on to find
whether the other measures correlated with the MMI score. To be noted about the MMI score is that
they observed no statistically significant relationship between age and MMI, nor between sex and
MMI. As for the results, first they found a significant correlation between both parts of the
Massachusetts comprehensive assessment system and media multitasking: the more media
multitasking the participants engaged in, the lower their academic performance was in these
particular tests. For the executive function tasks, count span scores and N-back scores were
significantly correlated with the MMI thus associating higher amount of media multitasking with
lower performance in these particular tasks. The third measure in this group, the filtering task, was
not significantly correlated with the MMI. As for both of the measures for crystallized intelligence,
verbal comprehension and calculation, neither was significantly correlated with the MMI. For the
personality measures, growth mindset and domain-specific impulsivity were significantly correlated
with the MMI, while the two others, grit and conscientiousness, were not. Finally, out of the
remaining three tasks, none correlated with the MMI. To summarize, Cain et al. found that there is a
significant correlation between multimedia consumption and worse performance in the following
domains: academic performance, executive function (excluding filtering), growth mindset, and
domain-specific impulsivity. Thus, they conclude, that there is a link between greater media
multitasking and worse adolescent academic performance.

Thus far it has been shown that split attention and media multitasking both have a
substantial negative impact on academic performance, and that both seem to be connected to
working memory capacity. Working memory capacity plays an important role in the learning of

sequential information where the learning is intentional and requires some form of control, but not
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incidental learning where automated processing is required (Unsworth & Engle, 2005). Thus, any
disturbance to the working memory of an individual can be reliably said to negatively impact their
academic performance. However, these working memory capacity disturbances caused by different
devices are not the only problem that the introduction of smart devices into different learning
environments present.

A report by Sparrow, Lue and Wegner (2011) presents four sequential experiments that
explore the effects that the expectation of having future access to information after the information
has initially been acquired has on the memory of people who are to be faced with difficult questions
in due time. The first experiment in this series of four tested the participants' reaction times to
matched computer and noncomputer terms with a modified Stroop task after completing two
separate question blocks, one easy, and one more difficult. The results of this test showed that the
computer terms were more accessible than the noncomputer terms, thus confirming that when
people are faced with a difficult question and that they are in need of new information, their focus is
directed towards computers and computer related terms.

The second experiment in the series tested how well the participants remembered
information when they could expect to later access that same information online. The participants
were tasked to read 40 trivia statements, some of which were of the new information variety, and
some which were of the type that may be remembered generally, but not in detail. The participants
then moved to type these statements down using a computer. Half of the participants were told that
the computer would save what they had typed, while the other half were told that what they had
typed down on the computer was going to be permanently erased. After this first typing step, the
participants were instructed to write down as many of the trivia statements as they could remember.

The results of this particular experiment showed that the participants who believed that what they
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had written down was going to be erased were able to remember a significantly larger number of
statements than the participants who believed that what they had written down was saved by the
computer and thus would be available for inspection later.

The third experiment in the series tested the participants' ability to memorize where to find
information. Much like in the previous experiment, the participants were instructed to read and
write down trivia statements. However, this time, once the participants had written down a
statement, the computer showed one of three messages: one that told the participant that the entry
had been saved, one that told the participant that the entry had been saved into a specific, clearly
labeled folder, or one that told the participant that the entry had been erased. All three of these
messages were shown in equal quentities, one third for each. The participants were then instructed
to complete a recognition task in which all the statements, 30 in total, of which half were slightly
altered. The participants were tasked to judge whether a given statement was exactly as they had
read it, whether the statement was saved or erased, and in the case of the statement being saved into
a particular folder, the participants had to name the folder into which the statement had been saved.
To be noted, during this experiment the participants had access to the names of the folders. The
results of this experiment showed that the participants were able to recognize the accuracy of a large
portion of the statements; whether the statements were exactly as they had read them or not.
Furthermore, the statements that the participants were led to believe to have been erased were most
easily remembered. The participants were also able to accurately remember which statements had
been saved compared to the statements which were supposedly erased. When the participants were
asked to name the folders into which some of the statements had been saved, the participants were
more likely to remember that information was erased than whether the information was generically
saved or saved into a specific folder.

The fourth and final experiment in the series was done in order to find out if participants

would be able to better remember where to find information rather than remembering the
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information itself. The participants were given a number of trivia statements and were then tasked
to write down as many trivia statements within a period of 10 minutes as they could remember.
These written down statements were saved into generically named folders. The participants were
then asked to remember the name of the folder where a given statement was saved into, with a tip to
help them along the way. As opposed to the third experiment, the participants were not given access
to a list of the folder names and thus had to recall the names of the folders without aid. The overall
results of this experiment showed that the participants were able to remember the folders into which
the different statements had been saved into, as opposed to the poor rate of recall they showed in the
folder recall part of the previous experiment, thus showing that the participants' memory prioritized
"where" when "what" was forgotten. However, due to a number of possible confounding factors, a
more detailed analysis was done. This analysis showed that participants do not remember "where"
when "what" is remembered, and when "what" was forgotten the participants remembered the
"where."

To recapitulate the findings of the four experiments: the first experiment showed that when
people are asked difficult questions, their attention is first and foremost directed towards computers,
most likely due to people being used to computers granting them access to large swaths of
information at a moment's notice. The second experiment showed that when people are expecting to
be able to access a piece of information at a later time, they are more likely to forged that particular
piece of information, and when they expect not to be able to access that piece of information, they
are more likely to remember it. The third experiment showed that people are able to accurately
judge whether a piece of information is accurately reproduced or not, that information that people
believe that they cannot access at a later time is easily remembered, and that people are able to
remember whether a piece of information is saved or not. The fourth experiment showed that when
people cannot remember the specifics of a piece of information, they can remember where to find

that information and vice versa. All in all, the results of these four experiments have worrying
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implications in terms or memory, for it is not only possible but highly likely that the effects
observed in the four experiments extend outside of simple trivia questions. Smart devices, which are
almost always within reach and connected to the internet. This, then, allows the users of smart
devices access almost any desired piece of information at any time. From answers to small trivia
questions, to complex explanations of quantum physics, almost all information that anyone might
desire is within reach at all times, and thus, why expend cognitive resources to remember anything
other than where to find information when the actual information can be accessed at almost any

time. The "where", after all, is a much more simple piece of information than the "what."

5.0 The present study

As can be seen from the rather negative outlook of the background literature, smart devices seem to
have an overwhelmingly detrimental effect on attention, memory, and cognition. However, there is
no clear data on the magnitude or the extent of these effects. Memory, being one of the foundational
pillars of learning, and thus extremely important factor for academic performance, is of particular
interest. If, as the background literature suggest, smart devices have such wide-ranging detrimental
effects on the human mind, it is of utmost importance that the extent and magnitude of these effects
is examined in further detail. The goal of the present experiment is to find whether there are
detrimental memory-related effects when a person reads a text using a smart device versus reading a
text from paper, and how large these detrimental effects are when the reading is done in a natural

environment.
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The hypothesis:
Reading a text from a smart device results in less information being retained versus reading

from paper.

However, there is a slight possibility that the hypothesis will end up being incorrect in the
context of the present study. The studies presented in the background literature were mostly
conducted in unnatural, controlled environment, environments which serve to exert more cognitive
pressure on the participants. Furthermore, the focus of the experiments has been relatively unnatural
as well. The studies have largely been conducted so that there is just a single point of attention, and
the participants of the studies were specifically instructed on what to remember and what to focus
on, and thus due to the unnatural nature of the setting and the focus of the studies, it is highly
unlikely that any of the participants would encounter a comparable situation outside the study
settings. This unnaturalness thus can greatly affect the results of the studies by exerting extra
cognitive pressure on the participants, pressure that would not emerge in natural settings.

Furthermore, as opposed to the studies presented above, the reading material for the present
study is of natural nature. Natural human language is, as one might guess, natural. The way humans
process language is an incredibly complex process as, for instance, artifical intelligence experts
working with natural language processing have discovered through their attempts at having
computers replicate this ability to a degree. However, to us humans, language processing seems to
come easily. We are able to process language on multiple different levels at the same time without
even thinking about it. Syntax, semantics, pragmatics, and morphology are all processed without
much overt effort, regardless whether the language is in spoken or written form. This seeming ease
at which language is processed by humans therefore can affect any studies, such as the present one,

that use natural language as material, and thus, while the background literature would predict that
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such a complex task as language processing would be negatively impacted by smart devices, there
is also the possibility that due to the seeming ease at which we to process language the results of the

present study might disprove the hypothesis.

5.1 The participants

The participants were recruited based on the following criteria:

1) They were between 18 and 24 years of age
2) Their first language was Finnish

3) They were fluent in English

4) Expressed an interest in linguistics, but

5) Had no prior knowledge about linguistics

In accordance to these criteria, a total of 15 participants were recruited between the first of
January 2022 and 25" of February 2022. The recruitment was primarily done through social media
and various internet message boards, such as Reddit. Of the 15 recruited participants, 3 withdrew
from the study, leaving a total of 12 participants. Of these remaining participants, 8 were male and 4

were female, with a median age of 21 and an average age of 21. The individual participant data can

be found below in table 5.1.

Participant 1 2 3 4 5 6 7 8 9 |10 | 11 | 12
Sex m | m f m f m | m| m f f m| m
Age 22 121121119 (23|21 123|120 |21 |20 |19 | 22

Table 5.1 - Participant data
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5.2 The setting

The participants completed the tasks in a natural, uncontrolled setting at home. This setting was
chosen due to most people doing attention intensive reading at home or other comparable relatively
relaxed environments, which, at least according to the literature presented before in this thesis,
should result in the best outcomes in terms of memorizing the contents of the reading material. In
addition to reducing the cognitive pressure that a more controlled environment would create, this

setting also serves to eliminate the possible ill-effects that the observer's paradox might produce.

5.3 The materials

The reading material consisted of chapters 3 and 5 from George Yule's The Study of Language
(2017), both in digital and printed forms. These two chapters were chosen due to them being of
similar difficulty, written by the same author, and them being written roughly at the same time. In
addition to the reading material, two multiple choice tests were constructed for the study, one for
each of the chapters. Both tests consisted of 17 individual questions with 4 possible answers each,
with only one of the four being correct. The tests were constructed to be easy in difficulty, and the
questions were created in such a way that the answers would not provide aid to answering the other
questions. Furthermore, the order in which the questions were presented in the tests correspond to
the order in which the answers to the questions appear within the reading material. All of the

material used in the study, both the texts and the tests, were in English.
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5.4 The procedure

The experiment took place during a weekend in February 2022, specifically during the 26™ and 27"
days of the month. The participants were first divided into two groups, both of which were briefed
on what to expect independently of each other. The groups were then instructed to complete task 1,
resting a day, and then to complete task 2. After the completion of the tasks the participants were
debriefed. The debriefing consisted of a precise explanation about the intents behind the study and
goals of the study. Any lingering questions that the participants had about the study were also

answered during the debriefing.

5.5 The tasks

The participants were tasked to first read through chapter 3 of Yule's book carefully and after
reading through the text, take a 15 minute break. After the break, the participants were to complete
the multiple choice test to the best of their ability. After the completion of this first task, the
participants were instructed to take a break for the rest of the day. The second task took place the
next day and was identical to the first with the exception that the reading material for this task was
chapter 5 instead of chapter 3.

The difference between group 1 and group 2 was that group 1 was tasked to read the first
text using a smart phone, while group 2 was instructed to read the chapter from paper, and during
the second task group 1 was instructed to read the text from paper, while the participants in group 2

used a smart phone.
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5.6.0 Further elaboration

Three of the choices made in the research setting of the present study are in need of further
elaboration: the use of English instead of the participants' native language, testing short-term
memory instead of long-term memory, and the choice to test the lower levels of Bloom's taxonomy

instead of the higher levels.

5.6.1 Why test lower levels of Bloom's taxonomy?

First, due to the lack of a more systematic exploration into this particular subject, the testing of the
lower levels of Bloom's taxonomy would, assuming that the hypothesis of the present thesis is
correct, create a starting point for further studies. According to Bloom's taxonomy (see Armstrong,
2010), recalling facts and basic concepts, or, in other words, rote memorization, is the lowest form
of learning, while understanding the contents of a text and applying said knowledge belong to the
realms of higher levels of learning. Thus, by starting from the very bottom of Bloom's Taxonomy, it
is possible to not only conduct further studies and experiments that directly build upon the old, but
to also predict, to a degree, the effects that smart devices have on the higher levels of learning. The
higher levels in Bloom's Taxonomy are built upon the lower levels, and therefore, if a lower level of
the taxonomy is negatively or positively impacted, the higher levels are likely to follow suit.
Furthermore, it is already possible to predict the amount of information retained in long term using
existing models (Schacter et al., 2011), whereas the degradation of short-term memory is not as

easy to predict.
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5.6.2 Testing short-term memory over long-term memory

As was mentioned above, long-term memory has already been explored to a degree and thus it
would indeed make sense to build upon that previous research. However, testing long-term memory
when the research setting is set in a natural environment would bring with it a number of problems
that are extremely difficult to control and account for. First, there are a number of internal variables
at play, one of the more important ones being neuroplasticity. Neuroplasticity has been linked to
human ability to learn new spatial routes (Keller & Marcel, 2016), and, more relatedly to the
present study, to new word learning (Hofstetter et al., 2016). While neuroplasticity should be
relatively even amongst the participants of the present study, the participants being of roughly the
same age and neuroplasticity being closely tied to age, there is the possibility that that is not the
case. In addition to internal variables, there are numerous external variables at play as well: stress,
quality of sleep, hobbies, possible injuries, and so forth. These internal and external variables also
interact with each other in unpredictable ways, which, in turn, can create numerous new problems
for the study. This variability can, however, be minimized if these variables are not given time to
cause interference, and thus the decision to test short-term memory instead of long-term memory

was made.

5.6.3 Use of L2 English over L1 Finnish

Due to the subject of the study, it was important to minimize the chances that the participants had
encountered any of the terms of art presented in the reading material, and, since the participants' L1
was Finnish, the chances that they would have encountered any of the terms in Finnish was judged

to be higher than the chance that they would have encountered them in English. This choice,
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however, does come with a drawback: increased cognitive load. As many of the studies presented in
the background literature section showed, the detrimental effects that smart devices may have on
memory are more likely to present themselves under heavier cognitive loads, and processing L2 is

far more cognitively demanding than processing L1, this especially so when the reader is not a

native level user of the L2 (Pérez et al., 2018; Nawal, 2018).

6.0 The results and data analysis

This section presents and analyses the data for the study two groups, first focusing on the individual
participant data of group 1, and then focusing on the group wide as a whole. The same will then be
done with the data concerning group 2. After the data of both of the groups is analysed, the
performance of the two groups will be compared. Attention will in particular be focused on the
participants' error rates, whether they increase or decrease when the task is performed using a smart

device, and which questions were responsible for any erroneous answers.

6.1 Group 1

The first task for group 1 was to read chapter 3 using a smart device and then to complete the
multiple choice test. Of the participants in this group, participants 1, 2, 3, and 4 produced some
erroneous answers, while participant 5 produced none. Participants 1 and 3 produced one error
each, participant 1 answering question 5 incorrectly, and participant 3 answering question 1
incorrectly. Participant 2 got two of the questions, 2 and 12, wrong, while participant 4 got four

questions wrong, those being questions 2, 5, 7, and 16.
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The second task for group 1 was to read chapter 5 from paper and then to complete the
associated multiple choice test. In this task, three of the participants, 1, 3, and 5, produced no errors,
while participant 2 produced an erroneous answer to question 12, and participant 4 produced

erroneous answers to questions 1, 12, and 14. The data for both task 1 and task 2 can be found

below in tables 6.1.1 and 6.1.2.

Participant Participant
Question Key 1 2 3|45 Question Key 1 2| 3|45
1 B b | b | d b | b 1 C c | c | c b | ¢
2 B blc| b | c | b 2 B b|b|b|b|b
3 D d| d|  d|d|d 3 B b|b|b|b|b
4 A a a a a a 4 A a a a a a
5 D c d | d b | d 5 C c|lc|c|c|c
6 A alalalal]a 6 A alalalal]a
7 D d| d d|  a d 7 D d| d d|d|d
8 A alalalal]a 8 D d d | d d | d
9 B b|b|b|b|b 9 C c|lc|c|c|c
10 B b|b|b|b|b 10 A alal alal]a
11 A a a a a a 11 A a a a a a
12 C c b | c|c|c 12 B b | c b | c b
13 C c | c | c c | c 13 C c | c | c c | c
14 B b|b|b|b|b 14 C c|lc | c |, d | c
15 D d| d|  d|d|d 15 B b|b|b|b|b
16 A alal a d a 16 D d d | d d | d
17 A alalal al]a 17 C c | c | c c | c
Errors | 1 2 1 4 0 Erors | O 1 0 3 0
Table 6.1.1 - G1 taskl (smart device) Table 6.1.2 - G1 task2 (paper)

Looking at the number of errors produced by the participants in this group, it can be seen
that all of the participants who produced errors during the first task produced fewer errors during
the second task. Participants 1 and 3 who produced one error each during the first task produced
zero errors during the second task, while participant 2 who produced two errors during the first task
produced only one error during the second, and finally participant 4 who produced four errors
during the first task produced one fewer errors during the second. The number of errors produced by
the individuals in this group thus ranged between zero and four for the first task, average number of

errors per participant being 1.6 and the median 1. For the second task, the number of errors ranged
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between zero and three, with and average of 0.8 errors per participant and a median of 0. The most
problematic questions for task 1 for this group were questions 2 and 5, both having two errors each,

and for task 2 question 12, also with two total errors.

6.2 Group 2

The first task for group 2 was to read chapter 3 from paper and then complete the multiple choice
test. Four of the participants, participants 8, 9, 11, and 12, produced no errors during this task, while
participants 7 and 10 produced one error each, and participant 6 produced two. The question that
participant 7 got wrong was 5, and the question that participant 10 got wrong was 2. The two
questions that participant 6 got wrong were questions 7 and 16.

The second task for this group was to read chapter 5 using a smart device and then to
complete the associated multiple choice test. Participants 7, 9, and 11 produced zero errors during
this task. Participant 8 produced an erroneous answer to question 8, and participant 12 produced an
erroneous answer to question 12. Participant 6 answered three questions wrong, the questions being
3, 7, and 12. Likewise, participant 10 answered three questions wrong, the questions being 1, 12,

and 14. The relevant tables, 6.2.1 and 6.2.2, can be found below.
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Participant Participant
Question Key 6 | 7| 8 | 9 |10 | 11| 12 | Question Key 6 | 7 8|9 |10]|11]12
1 B b | b b b b | b b 1 C c c | c c b | ¢ c
2 B b|b|b|bflc|b]|b 2 B b|b|b|b|b|b]|b
3 D d|d|d|d]|d|d]|d 3 B d b/ b|b|b|b|b
4 A a a a a a a a 4 A a a a a a a a
5 D d c | d|d d d| d 5 C c c | c c c | c c
6 A alalalala|a]|a 6 A alalalala|a]|a
7 D a| d|d|d|d|d]|d 7 D a| d|d|d|d|d]|d
8 A a a a a a a a 8 D d d (o] d d d d
9 B b | b b b b | b b 9 C c c | c c c | c c
10 B b | b b b b | b b 10 A alalalala|a]|a
11 A a a a a a a a 11 A a a a a a a a
12 C c c c c c c c 12 B @ b b b (o] b c
13 C c c | c c c c c 13 C c c | c c c c c
14 B b | b b b b | b b 14 C c c | c c|d| c c
15 D d|d|d|d|d|d]|d 15 B b|b|b|b|b|b]|b
16 A d alalalal|a]|a 16 D d d| d | d d d| d
17 A a a a a a a a 17 C c c c c c c c
Errors| 2 1 0O O 1 0 O Errors| 3 0 1 0O 3 O 1
Table 6.2.1 - G2 task 1 (paper) Table 6.2.2 - G2 task 2 (smart device)

With the exception of participant 7, all of the participants who produced errors during the
first task produced more errors during the second task. Furthermore, participants 8§ and 12 who did
not produce any errors during the first task, produced an error during the second task. Participant 7,
however, defied the trend and, instead of producing more errors during the second task, produced
none. The participants produced a total of four errors during the first task, the number of errors
ranging between zero and two, with an average of 0.57 errors per participant and a median of 0. The
second task saw double the number of errors, eight in total, ranging between zero and three, with an
average number of 1.14 errors per participant and a median of 1. The questions during task 1 saw a
maximum of one error each, however, out of the questions with erroneous answers during task 2,

question 12 rose to be the most troublesome with a total of three errors.
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6.3.0 Comparing the groups

The performance of the two groups in regards to the error rates when they used a smart device
versus paper to read the material seems to be roughly equal. This section will investigate whether
this is truly the case. First, the performance of the two groups during task 1 will be compared,
followed by their performance during task 2, with the paper versus smart device aspect being of

primary interest.

6.3.1 Task 1

Group 1, who were tasked to read the text, chapter 3, using a smart device produced a total of eight
erroneous answers during the task. The number of errors per participant ranged between zero and
four, with an average of 1.6 errors and a median of 1. Group 2 on the other hand was tasked to read
the text from paper. They produced half the number of errors compared to group 1, with a range
between zero and two errors per participant, an average of 0.57 and a median of 0. Thus, between
groups, the number of errors was significantly lower on all metrics when the text was read from
paper instead of a smart device. This data can be found in table 6.3.1. The most troublesome

questions for task 1 were questions 2 and 5, both collecting a total of three erroneous answers.

g1] g2
Errors 8| 4
Range 04/ 0-2
Average |1.6/0.57
Median 1 0

Table 6.3.1 - Task 1
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6.3.2 Task 2

The second task tasked group 1 to read the text, chapter 5, from paper. Group 1 produced a total of
four erroneous answers during the task, the number of errors per participant ranging between zero
and three, with an average of 0.8 errors, and a median of 0. Group 2 had to read the text using a
smart device. They produced a total of eight errors, with a range between zero and three errors per
participant. The average number of errors produced by the participants was 1.14 and the median
was 1. Again, there was an increase in the number of errors produced by the participants when they
had to read the text using a smart device. The average number of errors also increased, although the
increase was not as substantial as it was during task 1. Furthermore, the range was the same
between the two groups. The relevant data can be found in table 6.3.2. The question which caused

to most trouble for the participants was question 12 with a total of five errors.

gl| g2
Errors 4 | 8
Range 0-3|0-3
Awerage | 0.8/1.14
Median 0] 1
Table 6.3.2 - Task 2

6.4.0 Error distributions

This section focuses on the erroneous answers the participants produced during the experiment.
First, the error distribution will be analysed to see whether there are any discernable patterns to be
found. Then each individual question with any number of erroneous answers will be investigated in
further detail. This is then followed by an analysis of the questions for which the participants did
not produce any erroneus answers. The answers were divided into two halves for the purposes of

this analysis: the first half which includes questions 1 through 8, and the second half which includes
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questions 10 through 17. Question 9 is used as the dividing line between the two halves due to the
uneven number of questions and the fact that none of the participants produced an erroneous answer

for the question.

6.4.1 Group 1 error distributions

During task 1 group 1 produced a total of eight erroneous answers. Six of these erroneous answers
were produced for questions in the first half of the multiple choice test, while the rest of the
erroneous answers were produced for the second half of the test. During task 2, however, the error
distribution flipped. Instead of the bulk of the erroneous answer being contained within the first half
of the test, they were appeared in the second half. Only one of the total of four errors was within the
first half, and the rest were found within the second half.

Combining the error distributions of tasks 1 and 2 reveals that the majority of the errors
produced by group 1 across both tasks occurred during the first half of the tests. A total of twelve
errors were produced by group 1 during the tasks, seven of which were produced for questions
within the first half of the test, while the remaining five errors occurred within the second half of

the test.
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6.4.2 Group 2 error distributions

As was the case with group 1, group 2 produced the bulk of the erroneous answers for their task 1
during the first half of the test. The group produced a total of four erroneous answers, three of
which were within the first half of the test, and the remaining one within the second half. The error
distribution for task 2 was even. Group 2 produced a total of eight erroneous answers during the
task, four of which were within the first half and the remaining four within the second half.

Again, much like was the case with group 1, the combined error distribution of tasks 1 and 2
reveals that most of the errors produced during task completion were contained within the first half
of the tests. Of the total of twelve errors produced by the participants of group 2, seven can be

found within the first half, and the remaining five within the second half.

6.4.3 Combined error distributions

Combining the data produced by both groups reveals that the majority of the errors produced during
task 1 were produced during the first half of the test. The groups produced a total of twelve errors
during task 1, of which eight were produced by group 1 and four by group 2. Of these errors a total
of nine occurred during the completion of the first half of the test and the rest, three, during the
second half of the test.

The combined data of task 2 shows a reversal of this: the majority of the errors, although a
slim one, were produced during the completion of the second half of the test. A total of twelve
errors were produced during task 2. Of these errors, group 1 was responsible for four and group 2
was responsible for eight. Five of the total of twelve errors were produced during the completion of

the first half of the test, and the rest, seven, during the second half of the test.



43

6.5.0 Analysis of questions with erroneous answers

Most of the questions that the participants produced errors for only received one or two errors each,
an observation which is to be expected with the small sample size present in this study, while three
of the questions produced a high enough number of errors to raise particular interest. In this section,
each of the questions for which the participants produced erroneous answers for will be presented.
The order in which the questions and their analysis is presented is based on the order in which they

appear in the question sheet, with the questions regarding task 1 being presented first.

6.5.1 Question 1 of task 1

Question 1 of task 1 asked what is the general study of the characteristics of speech sounds called,

with the following as possible answers:

a) Articulation
b) Phonetics
¢) Acoustics

d) Phonology

The correct answer to this question was b) Phonetics. The single erroneous answer produced
by the participants for this question was produced by participant 3 of group 1, answering d) instead
of b). The most likely reason for the erroneous answer lies in the similarity between the terms
phonetics and phonology, and, in fact, it is somewhat surprising that this question received only one

€rroncous answer.
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6.5.2 Question 2 of task 1

Question 2 of task 1 asked where the vocal folds are located. The possible answers to this question

were:

a) Oral cavity
b) Larynx
c¢) Trachea

d) Nasal cavity

The correct answer to this question was b) Larynx. The three erroneous answers were all c)
Trachea. These three erroneous answers were produced by participants 2 and 4 of group 1 and by
participant 10 of group 2. The high error rate in this question is most likely due to the uncommon
and thus unfamiliar terms, larynx and trachea, which the participants are more unlikely to remember
as they had no prior supporting knowledge of the subject. This is likely further exasperated by the
participants being asked to place the vocal cords into the right area instead of the question merely
asking something about the terms themselves. Since the participants knew that they had future
access to the reading material, this relatively high number of errors therefore may be an example of
the previously made observation, discussed in the background literature section, about remembering
the "where" instead of the "what" when faced with a difficult question, with the difficulty of the

question in this case stemming from the unusual terms.



45

6.5.3 Question 5 of task 1

Question 5 of task 1 asked which of the following is a labiodental sound, with the following as

possible answers:

a) [p]
b) [b]
¢) [z]
d) [1]

Of these, d) was the correct choice. Of the three errors made, two were the answer c), one
produced by participant 1 of group 1 and participant 7 of group 2, and one the answer b) which was
produced by participant 4 of group 1. The high error rate for this question is on the odd side as it is
one of the simpler questions in the question sheet. The error rate does suggest that the participants
were not familiar with the terminology, as the answer to this question, if the participant is familiar
with the term, can be tested and deduced in real time. Although, on further inspection, another
possible explanation rises, one with worrying consequences if true. The answer to this question is
contained in a table within the text, table 3.1 specifically. There is a possibility that the way
information within a table is absorbed is different from the way information within normal text is,
and that these two types of ways in which information is presented to the reader exert different
levels of cognitive demands on the the reader's mind. If this is true, then it is likely that there is a
missing, or possibly ignored, distinction to be made between information absorbsion and
information retention, a distinction that should be made so that we know that we are actually
measuring memory instead of information absorbsion or vice versa. This topic, due to the

implications that it has, will be further discussed in section 7.1.1.
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6.5.4 Question 7 of task 1

Question 7 of task 1 asked the participants which of the following is a velar sound, with these as the

possible answers:

a) [J]
b) [d]
¢) [3]
d) [k]

Two of the participants, participant 4 of group 1 and participant 6 of group 2 produced the
erroneous answer a) [j], while the correct choice would have been answer d) [k]. Again, much like
was the case with the previously presented question 5 of task 1, the answer to this question can be
found within table 3.1 in the text. Thus, the two erroneous answers produced by the participants are
likely to stem from the same source as well: the information being contained within a table instead
of standard text, and therefore there might be a difference in the way in which the participants failed

to absorb the information within the table in full.
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6.5.5 Question 12 of task 1

Question 12 of task 1 asked the participants what is the main contributing factor to the sound of

vowels, for which the following were given as possible answers:

a) The tract the air flows through
b) Voiced/Voiceless distinction
c¢) The location of the tongue

d) The volume of air that passes through the chosen tract

Of the participants, only participant 2 of group 1 produced an erroneous answer to this
question. Participant 2 answered b), while the correct answer was c). This erroneous answer is most
likely a simple mistake on the participant's part as the topic is discussed at length in the text,
especially since the voiced/voiceless distinction is also discussed at relative length. This might then
be further exasperated by the two topics, the location of the tongue and the voiced/voiceless

distinction being discussed in close proximity to one another.
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6.5.6 Question 16 of task 1

The last question with erroneous answers in task 1 was question 16. This question asked the

participants what is the vowel [9] called, with the following as possible answers:

a) schwa
b) theta
c) wedge

d) eth

Two of the participants, participant 4 of group 1 and participant 6 of group 2, produced an
erroneous answer to this question. The correct answer was answer a), but both of the participants
chose answer d). The likely explanation for these erroneous answers is a combination of two
factors: the unfamiliar subject matter and the similarity between the symbol for schwa and the
familiar letter e. Since the participants were not familiar with the subject matter and thus had to
memorise the information within the text, a failure to do so would lead the participants to either
guess or to intuit the correct answer, and in the case of this question and the possible answers, in the
light of the participants not remembering the correct answer, making an intuitive connection

between eth and the symbol for schwa is an expected outcome.
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6.5.7 Question 1 of task 2

Question 1 of task 2 asked the participants which of the following terms is used to refer to newly

created words, with these as the possible answers:

a) Neoexpression
b) Coinage
¢) Neologism

d) Spanglerism

Of the participants, two answered this question incorrectly. Both of these participants,
participant 4 of group 1 and participant 10 of group 2, answered b) when the correct answer was c).
The question itself was on the more difficult side due to the possible answers including both of the
terms neologism and coinage as these two terms are closely connected. The distinction between the
two terms is a subtle one for those who are not familiar with the subject matter, so subtle in fact that
the question itself borders on the realm of trick questions, although it is not one. Therefore the
similarity combined with the fact that the two terms are closely connected is the likely culprit

behind the two erroneous answers.
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6.5.8 Question 3 of task 2

Question 3 of task 2 asked the participants which of the following is not a major source of new

words for English language according to the text, with these as the possible answers:

a) Germanic
b) French
c) Latin

d) Greek

Only one of the participants, participant 6 of group 2, produced an erroneous answer to the
question; the correct answer was b) and the participant answered d). This error was most likely a
simple mistake as the question itself was simple and the answer to this question was also a simple
one due to French not being listed as a major source alongside Germanic, Latin, and Greek. French
language was, however, mentioned multiple times within the text, which then might have lead the
participant to the wrong conclusion, and this conclusion might have then been reinforced by most

people not knowing that Greek is in fact a major source of words for English.



51

6.5.9 Question 7 of task 2

Question 7 of task 2 asked the participants which of the following is the word formation process

where two separate words are joined together to produce a new form. The possible answers were:

a) Combining
b) Connecting
¢) Conjoining

d) Compounding

Only one of the participants answered this question wrong: participant 6 of group 2. The
correct answer to the question was d), while the participant answered a). This is again most likely a
simple mistake on the participant's part, as the answers are semantically similar, some of them being
synonymous with each other, and thus if a participant does not remember the correct answer, the

answer which makes the most sense intuitively is likely to be chosen.
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6.5.10 Question 8 of task 2

Question 8 of task 2 asked the paricipants which of the given terms is used to refer to a special type
of joining two words together to produce new forms where only the beginnings and ends of words

are used. The possible answers for this question were as follows:

a) Phasing
b) Agglutinating
c¢) Melding

d) Blending

Participant 8 of group 2 was the only participant to answer this question incorrectly; the
correct answer was d) and the participant answered c¢). This is yet another case where the most
likely explanation for the error is that it was a simple mistake on the participant's part. However, the
interesting part about this particular error is that out of the four terms presented as answers,
blending, the correct answer, is the one that the participants are most likely to be familiar with to
some extent as it is commonly used outside the field of linguistics. Thus, there is a chance that the
participant chose an answer that sounds more technical than the correct answer was, and therefore

chose the rarely used melding.
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6.5.11 Question 12 of task 2

Question 12 of task 2 asked the participants in which way does backformation most commonly

change a word's word class, with the following as possible answers:

a) Adjective -> Verb
b) Noun -> Verb
¢) Verb -> Noun

d) Noun -> Adjective

Participants 2 and 3 of group 1 and participants 6, 10, and 12 of group 2 answered this
question erroneously. All five participants who got this question wrong answered c), while the
correct answer to this question was b). The most probable reason for the high error rate of this
question is a combination of two factors: the similarity between answers b) and c), and the difficulty
of the concept of backformation itself. Of the word formation processes, backformation is on the
more difficult side as it requires more in-depth understanding of linguistic concepts than many of
the other word formation processes discussed in the text. This difficult to understand nature of the
concept therefore might have unduly affected the participants, as if a concept is easily understood, it

is also more easily remembered.
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6.5.12 Question 14 of task 2

Question 14 of task 2 asked the participants what the process of creation of totally new words is

known as, with the following as possible answers:

a) Creation
b) Minting
c¢) Coinage

d) Invention

Two of the participants, participant 4 of group 1 and participant 10 of group 2, produced an
erroneous answer for this question. Both of these participants answered d), while the correct answer
was c). This is another question where the most probable explanation for the errors is that they were
a simple mistake. Although in this case there is a likely exasperating factor at play as well. Two of
the possible answers, b) minting and c) coinage, refer to the creation of money in colloquial use.
This fact can then easily lead the participants awry as the terms, due to their connection to the
creation of currency, might not be used in a field that is completely separate from currency creation.
Thus, with only two remaining answers, the more complex one is likely to be chosen, which is what

seems to have happened in this case.
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6.6 Recapitulation

There was a sharp drop in performance both within group and between groups when the participants
used a smart device to read the texts. The number of errors doubled within both groups, as it did
between the groups. The range for the number of errors also saw a doubling between the groups for
task 1, and remained the same for task 2. Within the groups the range did not change much, but it
was wider for the smart device readers. Within the groups the average number of errors also
doubled, while between the groups the average more than tripled during task 1 and doubled during
task 2.

As for the error distribution, group 1 produced the bulk of the errors found in task 1 during
the first half of the test, while task 2 had most of the errors within the second half of the test. The
combined data for group 1 shows that most of the errors were produced during the completion of
the first half of the tasks. Likewise, group 2 produced the bulk of the errors of task 1 during the
completion of the first half of the task, however, unlike group 1, group 2 produced an even
distribution of errors during the completion of task 2. The combined data of group 2 shows that
most of the errors were produced during the completion of the first half of the tasks.

The combined group data shows that the majority of the errors produced by the groups
during the completion of task 1 occurred during the first half of the tests, while the data for task 2
showed a reversal of this with the majority of the errors produced during task completion being
contained within the second half of the tests.

Inspection of the erroneous answers reveals that there are two types of errors: simple
memory errors where the participants simply forgot the answer, and mistakes that are likely a result

of a failure to absorb information in the first place. The former types of errors are made worse due
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to multiple different factors: difficulty of the source material, similarity between two or more
possible answers, the correct answer being mentioned in close proximity to a wrong answer within

the reading material, and the participants being unfamiliar with linguistics in general.

7.0 Discussion

Within the context of this study, the hypothesis that reading a text using a smart device leads to less
information retained holds true. The participants produced more errors during both of the tasks,
both within the groups and between the groups, when the texts were read using a smart device. The
number of errors produced by both of the groups was roughly the same during both tasks, although
the sizes of the groups somewhat skew the results. A factor which was not taken into account during
the analysis was the sex of the participants. Sex, in the first place, should not have a significant
effect on the results as was shown by the results of the studies discussed in the background literature
section of this thesis. Furthermore, due to the small sample size and the difference between the total
number of males and females in the sample, any analysis based on the sex of the participants would
likely be inaccurate and misleading.

The results of the data analysis reveal two interesting points which are worthy of further
discussion. The first of the two points is the error distribution and its implications, and the second
point is the possible need to make a distinction between information retention and information

absorbsion.
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7.1 Fatigue and minimisation of cognitive pressure

From the distribution of the errors the participants produced during task completion two
observations can be made. The first observation is that the attempts at minimising the cognitive
pressure that the participants experienced during task completion was successful. This conclusion
can be made due to most of the errors being produced during the first half of the tasks, and the fact
that increased congitive pressure leads to faster accumulation of fatigue, which in turn leads to
worse task performance. Thus, if the attempts at minimising cognitive pressure were unsuccessful,
larger number of errors would have presented themselves during the second half of task completion.
However, two easy counter arguments can be made for this assertion: the first half of the tests was
more difficult than the second half, and that the information required to answer the questions in the
first half of the tests had had more time to be forgotten by the participants. The first counter
argument is the more valid one; while the tests were designed to be easy and uniform in difficulty, it
is entirely possible that some parts of the tests were indeed more difficult than other parts. However,
if this was the case, the distribution of questions with a large number of erroneous answers would
have been more even than was observed. As for the second counter argument that the participants
had had more time to forget the early parts of the texts they read, and thus could not answer the
questions within the first half of the tests as accurately as the questions in the second half, the
counter argument, while not without merit, is likely to be untrue. If this was the case, there would
be a more gradual change in the error rates in during both tasks. Although the data produced by

group 1 during task 1 shows this kind of a progression, the data of the other tasks do not.



58

7.2 Information retention and information absorbsion

A confounding factor that might have played a role in the study is the lack of differentiation
between information absorbsion and information retention. While both of these are often lumped
together, perhaps due to the lack of methods to separate them, differentiating them from each other
may be crucial for any memory related studies. Information absorbsion in this context relates to
how much of the information contained in any given text actually enters the short-term memory of
the reader. This process can easily be disturbed by distractions and lapses in attention, the general
readability of the text which may be affected quite heavily by the relatively small sized screens that
smart devices tend to be equipped with, as well as the usability of the medium used for reading. In
addition to these, the reader's choices also affect what is likely to be absorbed and what is not, for
instance, the reader's judgement of what is important information and what is not.

The importance of differentiating between absorbsion and retention lies in the question
"what are we measuring?" If we are trying to measure information retention, can we reliably
measure that if we do not account for the fact that not all of the information within a text might not
have even entered the short-term memory of the reader? The obvious answer is no. Development of
methodologies which allow this kind of differentiation should therefore be done before further

studies are conducted.

7.3 Wider applicability

The results of this study should not be used to make any wider generalisations. While the hypothesis
most certainly is correct within the context of this study, the small sample size and the narrow age

range of the participants advice against making generalisations. While the age range itself is not a
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problem as all the participants are likely to be in the same stage of cognitive development, it does
mean that the results are not applicable to any other age groups. Although it can be predicted that
older age groups are likely to perform worse than the participants of this study due to human
cognitive performance decreasing over time, the small sample size of the study does not provide a
reliable point zero for these kinds of predictions. Furthermore, due to a number of the participants
withdrawing during the study, the two groups were not equal in size, which, in turn, affects the end
result as well. To elaborate, the average number of errors produced per participant is heavily
influenced by the number of participants in the group, a factor that is further influenced by the small

sample size, and thus the advice against making any sweeping generalizations.

8. Future research

The results of this study, while not generaliseable, show that it is worth investigating the issue
further. Conducting a larger scale study on the topic to confirm the results of the present would be a
good, and even necessary, next step. A more controlled version in which more cognitive pressure is
applied to the participants would also be of interest as it is possible that the effects that smart
devices have on information retention do not surface as clearly in a more relaxed natural setting.
These studies can then be followed by studies that investigate the effects that smart devices have on
the higher levels of learning as illustrated in Bloom's taxonomy. Another further avenue of
investigation would be to compare the benefits that smart device use has against the detriments.
This would allow us to discover in which contexts smart devices should be used and in which
contexts they should not be used.

However, even before conducting any such larger scale studies, an investigation into the

topic of information absorbsion versus information retention should be done in order to ascertain
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whether differentiating between them is necessary. This should be possible to some degree due to
the somewhat recent advancements in neuroimaging and neuroscience, although to what extent,

given our yet limited understanding of the neuroscience of human cognition, is to be seen.

9. Conclusions

The subject of the present thesis, the effects that reading a text using a smart device has on human
memory, is worth exploring in further detail. Although the results of the study are affected by the
small sample size of the study, they do show a marked decrease in performance when a text is read
using a smart device, especially so when a piece of information that has to be memorised is not
contained within normal text but inside a table, which in turn lead to the discovery of a possible
extremely important confounding factor. This important confounding factor had to do with the
concept of information absorbtion, or more specifically, the need to make a distinction between
information absorbsion and information retention. The importance of further examining this factor
can not be overstated, as, if it is indeed as important as it seems, it can heavily impact the reliability

and accuracy of the results of any studies that are related to human memory and cognition.
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11.0 Appendix

11.1.0 Instructions

11.1.1 Group 1 instructions for task 1

Instructions

Group 1, task 1

Read through the text labeled as "Text 1" carefully using a smart device.

After reading the text, take a short 10-15 minute break.

Once the break is over, answer the questions in the questionnaire labeled as "Questionnaire 1".

When done, send the answers to me by email in whichever form you find comfortable. An example
of a form is as follows:

Question X
Answer: A

Question Z
Answer: B

Once you are done, relax for the rest of the day.

If you have questions about the task or experience any technical difficulties, please contact me
either by email or directly on Discord.
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11.1.2 Group 1 instructions for task 2

Instructions

Group 1, task 2

Read through the text labeled as "Text 2" from paper carefully.

After reading the text, take a short 10-15 minute break.

Once the break is over, answer the questions in the questionnaire labeled as "Questionnaire 2".

When done, send the answers to me by email in whichever form you find comfortable. An example
of a form is as follows:

Question X
Answer: A

Question Z
Answer: B

This is the end of the tasks. I will provide further details on the debriefing once everyone is done
with the tasks.

If you have questions about the task or experience any technical difficulties, please contact me
either by email or directly on Discord.
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11.1.3 Group 2 instructions for task 1

Instructions

Group 2, task 1

Read through the text labeled as "Text 1" from paper carefully.

After reading the text, take a short 10-15 minute break.

Once the break is over, answer the questions in the questionnaire labeled as "Questionnaire 1".

When done, send the answers to me by email in whichever form you find comfortable. An example
of a form is as follows:

Question X
Answer: A

Question Z
Answer: B

Once you are done, relax for the rest of the day.
If you have questions about the task or experience any technical difficulties, please contact me

either by email or directly on Discord.
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11.1.4 Group 2 instructions for task 2

Instructions

Group 2, task 2

Read through the text labeled as "Text 2" carefully using a smart device.

After reading the text, take a short 10-15 minute break.

Once the break is over, answer the questions in the questionnaire labeled as "Questionnaire 2".

When done, send the answers to me by email in whichever form you find comfortable. An example
of a form is as follows:

Question X
Answer: A

Question Z
Answer: B

This is the end of the tasks. I will provide further details on the debriefing once everyone is done
with the tasks.

If you have questions about the task or experience any technical difficulties, please contact me

either by email or directly on Discord.
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11.2.0 Questionnaires

11.2.1 Task 1 questionnaire

Task 1, Chapter 3 — Question sheet

1. What is the general study of the characteristics of speech sounds called?

a) Articulation
b) Phonetics
c) Acoustics
d) Phonology

2. Where are the vocal folds located?

a) Oral cavity
b) Larynx

c) Trachea

d) Nasal cavity

3. Voiced sounds are produced when:

a) the tongue is not obstructing the airflow

b) air passes through the nasal tract

c) the tongue is pressed against the roof of the mouth
d) vocal folds are drawn together

4. What does place of articulation refer to?

a) the location inside the mouth at which constriction of airflow takes place
b) the tract that air flows out upon speaking

c) the location in which the person speaking speaks

d) the placement of the symbols on the IPA chart
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5. Which of the following is a labiodental sound?

a) [p]
b) [b]
¢) [z]
d) [f]

6. In which area of the mouth are alveolar sounds produced?

a) The rough area behind the upper teeth

b) The roof of the mouth

c) Between the teeth

d) Behind the hard part of the roof of the mouth

7. Which of the following is a velar sound?

a) [j]
b) [d]
c) [3]
d) [k]

8. Stops can also be described as

a) Plosives

b) Halts

c) Closes

d) Terminates

9. Which of the following is a fricative?

a) [t]
b) [f]
c) [4]
d) [n]
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10. When a person raises and curls his or her tongue and lets the airflow escape round
the sides, he or she produces

a) a glide

b) a liquid
c) a fricative
d) a nasal

11. What is the sound produced by the tongue tip tapping the alveolar ridge briefly
called?

a) a flap
b) a tap

c) a flop
d) a bop

12. What is the main contributing factor to the sound of vowels?

a) The tract the air flows through

b) Voiced/Voiceless distinction

c¢) The location of the tongue

d) The volume of air that passes through the chosen tract

13. What is the term used for two vowel sounds?

a) Glide vowel
b) Velar

c) Dipthong

d) Semivowel

14. Which of the following vowels is most commonly used as the first vowel in two
vowel sounds in American English?

a) [1]
b) [a]
c) [u]
d) [o]
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15. Which of the following final sounds is often omitted in Southern British English?

a) [k]
b) [t]
c) 1]
d) [r]

16. What is the vowel [a] called?

a) schwa
b) theta
c) wedge
d) eth

17. What is the space between the vocal folds called?

a) Glottis

b) Velum

c) Trachea

d) Soft palate
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11.2.2 Task 2 questionnaire

Task 2, Chapter 5 — Question sheet

1. Which of the following terms is used to refer to newly created words?

a) Neoexpression
b) Coinage

c¢) Neologism

d) Spanglerism

2. Which of the following terms refers to the study of the origin and history of words?

a) Entomology
b) Etymology
c) Avientology
d) Entomon

3. Which of the following is NOT a major source of new words for English language
according to the text?

a) Germanic
b) French

c) Latin

d) Greek

4. From which language was the word fattoo borrowed from?

a) Tahitian
b) Old Norse
c) Maori

d) Swahili
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5. What does the Brazilian-Portugese word nerdear mean?

a) "to program computers"

b) "to play video games"

c¢) "to surf the internet"

d) "to use an internet search engine"

6. Which of the following is the technical term used for loan-translations?

a) Calque

b) Neo-borrowing
c) Coinage

d) Direct borrowing

7. The word formation process where two separate words are joined together to
produce a new form is known as?

a) Combining
b) Connecting
c¢) Conjoining
d) Compounding

8. A special type of joining two words together to produce new forms where only the
beginnings and ends of words are used is known as?

a) Phasing

b) Agglutinating
c) Melding

d) Blending

9. What does the word telethon mean?

a) Televised marathon

b) Watching a television series to the end in one sitting
c) Long-form televised fundraising

d) Massive television advertisement event
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10. What is the word formation process that produces pet names (Alfred -> Al)
called?

a) Clipping
b) Reduction
c) Cutting

d) Slicing

11. A special type of reduction where a word is reduced to a single syllable and then
-y or -ie is added to the end is called?

a) Hypocorism

b) Melding

c) Typologism

d) Additive reduction

12. In which way does backformation most commonly change a word's word class?

a) Adjective -> Verb
b) Noun -> Verb

c) Verb -> Noun

d) Noun -> Adjective

13. The word formation process which changes the function of a word without any
reduction is known as?

a) Transformation
b) Transmutation
c) Conversion

d) Adaptation

14. The creation of totally new words is known as?

a) Creation
b) Minting
c) Coinage
d) Invention
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15. What are forms such as CD, NATO, and scuba called?

a) Contractions
b) Acronyms

¢) Diminutives
d) Short forms

16. Which of the following terms is NOT a form of affixation?

a) Infixation
b) Suffixation
c¢) Prefixation
d) Postfixation

17. The process where new words are formed by their similarity to some existing
words is known as?

a) Likening
b) Anecdote
c) Analogy

d) Deriving



