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Abstract

An Independent measure between groups design was applied to examine implicit
attitudes towards sugary and diet food images, after consuming a sugary or diet
beverage. Forty participants (13 males, 27 females) took part in the -didindied
condition using Open Sesame software. This true experiment employed Implicit
Association Test measuring reaction times and correct/incorrect responses in the
computer task. SefEsteem was assessed using Rosenberg scale. Independent
Sample THests on the Bcores examined three hypothedes the first hypothesis,

no significant implicit food preference bias was seen. Also, no significant difference
in the number of correct responses between the two conditions for hypothesis 2.
There was no effect on sex Brscores as predicted by hypothesis 3. Linear
Regression did not show association betweenEBs#em and number of correct
responses. However, certain pattetaservdurther research.



Introduction

Introduction of sugar as a part of diet

Sugar is avidely used dietary substance, and an important part of our human diet.
Consumption of sugar has grown dramatically sindeéQéntury, with average

individual consumption per year in UK of 2kg, in"l€ntury was 5kg, and in 20
century is estimated tme about 45kg. However, recent statistics indicate that usage
of sugar is decreasing among developed countries, and consumption of artificial
sweeteners has increased (Wittekind and Walton, 2014). There is an ongoing debate
about the health risks assocateith both sugar and artificial sweeteners.
Consumption of high calorie sugar is associated with various negative health
outcomes, such as obesity and cardiovascular disease @vidlidu,2015). It also

affects satiety and digestion (Clemens, Jones) Kaye, Mayhew, Slavin and

Zivanovic, 2016). The 2018020 Dietary Guidelines for Americans have proposed

to limit added sugar intake to 10% of daily calories. This ten per cent reduction
would lead to decreasing only 2@80 Kcals yet people usually amme close to

680 calories every day in sugar alone. Sweet beverages are a very common part of
diets in many households. The USA is the third leading country for the consumption
of sugary beverages like nalet sodas, sport drinks like Red Bull ©, anddrmges

with artificial sweetener. A regular 12 oz can contain about 150 calories equivalent
to 10 teaspoons of table sugiiis important to note that many of these sugary

drinks are researched in science due to the psychoactive properties of some

ingredients (glucose and caffeine mainly), as well as the health effects of their high
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calorie content. Scientists try to understand how these ingredients affect human CNS

and so modify our perception of foods and the food &hoic

Aims and Objectives

This study aims to experimentally investigate the effects of sugary drinks on
cognitive performance with a sample of random, healthy participEimsesearcher
measured reaction time and numbers of errors scored using a computer task Implicit
AssociationTed. Participants drink either a common sugary beverage or its

artificially sweetened counterpart, and then are presented with two different food
type images- healthy low sugar versus unhealthy high sugar and associated words.
The speed of their reactiomsthe test, and the frequency of errors, may reveal
information about if consuming sugar changes our attitude toward certain foods. This
study also will examine the level of selteem of each participant using inventory

RSE scale and see if there is asgociation with food choice.

Effects of sugar and caffeine on the performance

For decades, cognitive psychologists have studied mental performances in human
participants and how it is affected by diet. Glucose supplies the brain with energy
and acts on cognitive performan@&zholey, Harper and Kennedy, 2004)d

caffeine is a sthulant, and both elevate heart rate and blood pressure. Researchers
have argued over whether caffeine itself could enhance performance, or whether
caffeine and glucose work together. Adan and-&&bulosa, (2010) tested human
participants in reaction ties and concluded that caffeine 75g, and sugar 75g,

(glucose) administered together does influence cognition like attention and learning,
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more than sugar alone or caffeine alone. The effects of glucose on the central

nervous system was researched also lynGa, Greenwood and Bherer in 2010.

Following the consumption of a high sugar beverage, the blood glucose elevates and
therefore improves performance (Kennedy and Scholey, 28609rding to Dye,

Lluch and Blundel(2000, glucose has a positive eftean cognitive performance. A
doubleblind study (glucose versus placebo) on Stroop test task, suggested that
participants in experimental glucose group were faster with reaction times than
control group. OwenScholey, Finnegan, Hu and Sunraea (2012 also researched
effects of glucose administration on human cognition tasks. Interestingly, they

argued that several factors can be involved in moderation of glucose intake and affect
(physiological state, dose, type of cognitive task or length of fastiag pr

consumption).

Frazer (2006) tested Red Bull (caffeine) versus placebo on cognitive performance.
The test conditions involved computer gaming tasks with 21 healthy participants who
regularly played computer games. The results showed that the enefgy d

improved overall gaming performance but not reaction time during the task.

Artificial sweetener and its effects on food choice

In 1965, the artificial lowcalorie sweetener, aspartame, was introduced into the food
environment. Aspartame is an artiicsweetener that consist of two amino acids,
phenylalanine and aspartg¥ang, 2010)Artificial sweeteners are widely used in
carbonated beverages as well as in a variety of foods. Consumers may cheose low
sugar foods with sweetener thinking that iaikealthier food choice. Artificial

sweeteners such as aspartame have been questioned in regard to effect on the nervous

system. It is a controversial food additive because it impacts on neurobehavioral
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functions (LindsethCoolahan, Petros and Lindse2014). Aspartame is metabolised
to aspartic acid, phenylalanine (involved in neurotransmitter regulation), and
methanol. Research shows that use ofecaloric but artificial sweeteners, such as
aspartame, may be linked to obesity. People can often cermaaucts that are low

i's sugar, for example “diet or “light?”

artificial sweetener can contribute to weight gain (Yang, 2010).

Some people may believe that weight loss can be associated with food energy
reducton. A twelveweek study where participants were asked to consume diet or
regular beverage (Williams, StrobiandBrotanek, 2007) while keeping to
1,500kcal per day, concluded that, aspartame was linked to higher energy intake.
Aspartame intake also issaiated with higher motivation to eat, greater cravings,

and greater selection of foods (Rogers, Carlyle, Hill and Blundell, 1988).

Results on healthy participants reveal high consumption of high doses of aspartame
in drinks did not influence working mempobut did worsen cognitive tasks as a

result. For exampleHill, Prokosch, Morin and Rodeheff@0(14 conducted

experiments to test individual responses to food items. Participants were asked to
consume a beverage which contained artificial sweetenarswgarsweetened
beverage, or a drink that contained both. Results show that consuming the beverage
with aspartame influenced decisions with food selection, so that participants were
choosing more frequently high dense sugar food images. Suheé@anFster,

Durlach and Perez (2002) in doultlend experiment tested effect of glucdsased

drink versus aspartame, and enhancement in human cognition with reaction times.
Glucose was significantly correlated with elevated reaction times in comparison to

aspatame.



Aspartame and source of calories

People who consume food or beverage containing artificial sweetener are more
likely to replace the missing calories through other sources of foods, and therefore
eat more and crave more calories (Strawbridge, RQb% caloric beverages could

lead to increased consumption because beverages fail to trigger satiety. Non
nutritive sweeteners, for example aspartame, promote food intake, increased body
weight or metabolic disorders (Swithers, Martin and Davidson, 2008fjcial
sweeteners, have been questioned in regard to effect on the nervous system. It is a
controversial food additive because it impacts on neurobehavioral functions
(Lindsethetal, 2014. With a large consumption of beverages, sweet taste is no
longer the indicator of high calories, then this can result in increased caloric intake.

In the other words, the ability of sweet taste for energy regulation is degraded.

Appetite and hunger reled to foods

According to the European Food Safety Authority (EFSA), there is a relationship
between specific nutrients aa@petite, so that cognitive sensory signals generated at
the time of consumption influence the consumers experience of g@tieygbers
McCrickerd and Yeomang015). Studies have shown that food labelled as low fat

(low energy) lead consumers to over consume these foods relative to control foods
(high energy), up to 34 % more than the control (Davison, Sample and Swithers,
2013). Catrol of the appetite may be associated with functional foods. The goal of
appetite control is to provide the subsequent energy intake that will not exceed
energy expenditure, and therefore is designed to control energy intake. Sweet taste of
food or beveage have been research widely in terms of enhancement of an appetite.

Neural and hormonal signals are sensed and processed, and these are known to
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control the appetite. Hunger also must be identified and managed to achieve control
over appetite function. wnowski, (1995) argues that sweet taste with no added
calories can promote appetite and therefore greater consumption of the food.
Furthermore, replacing sugar with artificial sweetener may result in higher energy
compensation. With a large consumptidradificially —sweetened beverages, sweet
taste is no longer the indicator of high calories then this can result in increased
caloric intake. In the other words, the ability of sweet taste for energy regulation is

degraded.

Satiation and Satiety with food

The effect of satiation can be observed in real life studies. Nutrients in food could
affect psychological and behavioural functions and impact on cognitive
performances such as; reaction times or information processing. (Dye and Blundell,
2002). Energy @nsity in foods, tend to be proportional to palatability and effect
satiety (Drewnowski 199). Palatability is the pleasurable experience of eating and
desire the food that would be eaten. Higher energy dense foods also seem most

palatable (Drewnowski, 199.

Common carbonated drinks are tending to be carbohydrates, which are made of
glucose. Depend on the form of carbohydrate is how it can affect satiety. Satiation
can be explained as a capacity that supresses further eating and has a powerful effect

on biological drive for food (Benelam, 2009).

The function of a satiety cascade starts when food is consumed, thus this is affected
within sensory and cognitive factors (taste, smell). Next, food and drink travels to
gastrointestinal tract where is digested absorbed. Within the process of digestion

in the stomach, signals about the energy from food reaches the brain, the satiation
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then is stimulated. Satiation and satiety can both be influenced by several factors
such as demographic features, sex and adactor such as personal diet. However,
food or drink’s energy density can affec:
important parts in eating behaviour (Dye and Blundell, 2002), appetite control and
limitation of energy intake to distinguish energtake (Benelam, 2009). To
determine the strength of these is reflected in levels sensation of hunger. Biological
sensation of hunger provides the information for the body, that it needs energy.
Physiologically aspect of satiety begins during and just aditigaition of eating.
According to Wooley1972), participants who had high calorie milkshake, felt fuller
and therefore sated, and ate less at the next meal, then those who did not have high
calorie drink. However, responses as hormonal, neural, metated are involved
in promotion of efficient energy use. Furthermore, sweet taste may be a predictor of
energy content and should be able to evoke the cephalic phase responses that
promotes energy regulation. Metabolism of sugar occur in liver (hepatddther
cells in the body (extrahepatic). Eating behaviour and food selection can be related to
neurochemical activity including serotoninergic neurons with carbohydrates in diets.
Furthermore, sweet carbohydrate can relate to pleasurable feelings affeyeadt
stimulation of sweet receptorSonsuming diets high in sugar (high calories) affect
hippocampus areas in such way that it enhances reward signals (Davidson, Sample,

Swithers, 2013).

Hormonal involvement in sugar metabolism

Several hormones frothe gut are released from stomach and integ8imapson
and Bloom, 2010 nd al |l ow the brain to receive arg

strongly connected to central nervous system as regulators of energy homeostasis
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(Figlewicz and Sipols, 2010). Some hmmes such as leptin and insulin are related
to fat stored in the body and help regulate satiation and satiety. Leptin affects energy
intake and use. Insulin is a metabolic hormone that is released from the pancreas and
increases rapidly after meal andsattd control blood glucose levels. Ghrelin another
hormone that causes hunger, affects appetite and is produced in the stomach. This
rises before any meal. The peptide hormone stimulates appetite and promotes food
consumptbn. Carbohydrates play many cratroles in the metabolic process. They
are an energy source and therefore synthesis and usage of glucose, fuels the organism
including central nervous system (McKee and McKee, 2011). Artificial sweeteners
enhance different brain regions then sugar doesrims of metabolic and hormonal
factors because the energy will be less. Artificial sweetener does not stimulate
insulin. No changes also were observed in insulin, ghrelin hormones when artificial

sweeteners were delivered into stomach or intestinesH&wiR0B).

Implicit Association Test

In 1998 Greenwald, McGhee, Jordan and Swards contributed toward social cognition
research and created Implicit Association Test (IAT). This measures implicit
attitudes. These are the hidden unconscious bias thadffeay our behaviour

towards objects or concepts. Therefore, IAT measures the strength of associations

between pairs of concepts labelled as when categories are closely associated.

The IAT is based on a double discrimination task. In the test, theipantis are

asked to assign stimuli (for example images,) as fast as possible, to target categories

(for example _’"positive’ _ OR _"negative’
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association between the concepts (Hoffm@awronski, Gschwendner, laad

Schmitt, 2005).

IAT has been used as a measurement in various research: for example, in consumer
choices. Ri cheti n, Perugini, Perstwich
towards healthy food versus snacks were examined. Batlodaes Murtagh,
BarnesHolmes and Stewar@010) studied implicit attitudes of people who were
vegetarians versus meat eaters using IAT. EschenBeak-Dreger, Steingilber

and KohlmannZ016, used it to measure nutritional behaviour (food choices) and
intake of a liqud — mineral water versus soft drink food choice. IAT has been a

useful tool also in predicting consumer behaviour in marketing research (Maison,

Greenwald and Bruin, 2004).

Self Esteem

Self-esteem can influence food choices people make in life. In M@&5is
Rosenberg has developed ten item scales called RosenbeEs®eln (RSE) to
measure selésteem among young school students. Over the years, the measurement

has been used also among adults in variety fields of research. RSE measures positive

andnegative feelings -esteenultisusedasasepdri vi dual ’

instrument.

In this investigation, participants will answer several questizased on either
positive or negative setfescriptive statements, on gdint agreement scal&€he

data will be examined to see if this factor influenced decisions made in the IAT task.

Rationale
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The high sugar content of the beverage should give an energy boost to the participant
and so lower the overall response times. (result in faster resjimesg. But it may
also affect choice of image to be more biased toward high sugar foods. Elevation in
blood glucose will improve performance of reaction time tasks (Dye and Blundell,
2002). Food with high glycaemic index expect to promote Reaction Areeeet
tasting beverage whether they are sweetened with sugar or a-tr@erseigar
substitute—might stimulate the appetite for other sweet, kheglergy foods. Food
cues and associated rewards are particul ;
attractive and tastes better when we are hungry and becomes less appealing when we

have just eaten (Higgs, 2015, p.10). Su
performance due to increased levels of arolsatl. self-esteem has been associated

with bad perfomance(Baumeister, Campbell, Vohs, 2008}, therefore participants

who score low on sekisteem may score insufficiently in IAT. Demographic

background variables like gender could have influence on food choice. Women had

more positive attitude to functial foods. These foods are termed as having a

positive impact on healtipromoting optimal health (Ares and Gambaro, 2007).

Social modelling also could affect food choice (Cruwys, Bevelanser and Hermans,

2014).

Food choices may be correlated to lifestylgoersonal taste. Low sedsteem
individuals are more likely to keep into social norms of food choice. The lack of
confidence can lead to unhealthy outcomes such as obesity. Adolescence with low
selfesteem trait are at higher risk for unhealthy outcoifiezesniewskiDonnellan,
Moffitt, Robins, Poulton and Caspi, 2008)¢luding development of eating

disorders (obesity), 63 per cent of females were at risk and carried leastdm.

(O Dea and Abraham, 1999).
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Hypotheses

Formally, the experimenthlypotheses are;

1. It is hypothesised that using Implicit Association T&sgcores will differ

between participants in experimental and control group.

2. It is hypothesised that using Implicit Association Test, the number of correct

responses will diffebetween participants in experimental group and a control group.

3. It is hypothesised that using Implicit Association Tiestcores will differ

across males and females.

4. Itis hypothesised that s&fteem will predict higher number of correct reseEs.
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Methods

Participants

Overall fortyDublin Business School studsriook part in this experime(males
=17;females = 2B Participants were healthy individuals with self-reported helsh
issuesat the time of the experiment, that could affect the results cittiosy.All
students were 18 years and ovidre mean age was M=23.90 and standard deviation
SD=5,89. The age rangéwm 19 to 40 yearsld. Participantsvere randomly
selected, andrere attendinga variety of college coursedoth daytime and evening,
at DBS, and came from various ethnic backgrounts.|&vel of understanding
English language was very goathong all volunteergarticipants did not receive
any monetaryewardfrom theresearcheor any other source regardto this
experimentThe main inclusion criterion for selection was that the participant was
willing to consume a sugary beverage. Most potensgi@pants wereither
approackd on their way tdheir lectureswhere agreement from the lecturveas
previouslysetted via email, or approached in the common areas within DB&.
researchealso recruited students during thelmssesDuring those times, the aims
and ethical considerations of the study were brieffylaned, andnformation sheet
was given to each studgisee Appendix A). Mangtudents gave their studesthalil
addresgo theresearcheso that they could be contacted lateat@ngeatime and
dayfor participation After studentseadtheinformationsheet and agreed to
participatetheywere asked tgo tothe LalwratoryRoom immediately olaterthe
same daylf possible, participants were asked to not consume sugary drink at least 3
hours prior to coming to the labhere,participants eceivedone of two

experimental stimulieither ahigh sugary drinkor acontrol drinkwith low sugar
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propertiesEach participant received written Consent (See Appendix B) prior to the
test procedure and was allocated to a group (experimental or co&wipling
technique employed in this experiment was nonprobability due to subjective

judgment of a researcher.

Design

In this true experiment, Independent measures between groups design was applied.
All participants were allocated to one of the condgi¢experimental or control),

received one stimuli drink and were tested only once.

Variables

The main Independent VariabMasthetype of beverageonsumed (conditiorgnd
its effect is tested during the experime@therindependent Variabsaveregender
(malesversustemales) andelfreportedself-esteenbased on the Rosenbesglt
Esteem scaledDependent variablegsere measures such ReactionTime (RT) to

respond to on screen food imaed number of correcesponses (CR).

D-algorithm scoring for Implicit Association Test

Means and Standard Deviations of RT and Totals for CR were calculated for each
participant final scores. The response latency is a measure of the time in milliseconds
that participant has waited since the onset of the trial. The raw response latency for
eah participant was transformed ifdescores using B-algorithm developed by
Greenwald, Nosek, and Banaji (200B}scores allow to measure differences

between groups using the response time paradigmDIdigorithm that was

employed in the current exp@ent had to sustain conditions such as; (1) all
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latencies above 10.000 ms removed from data set, (2) data containitigafes3%
of 300 ms per trial with latencies must be also removed, (3) means were computed
for blocks 1, 2 and 3, 4. (4) standard idéiens were calculated for all trials in blocks
1, 2, 3, and 4 (5) data were computed by removing sugar positive condition block
from diet condition block (6) each difference was divided by its associated standard

deviation, finally, scores were addedlativided by 2 (Barneklolmeset al,2010).

With respect to the interpretation of results, posibivecores are associated with a
preference for sugary food images, and negative scores signify an implicit preference
for diet food images. Scores of zef®) (hdicate of no preference (Greenwald, Nosek

and Sriram, 2006).

Division of participants into randomised blocks

Participants were divided into 2 groups (20 in each) where 1 grougheas
experimentgland the other was a contigroup.This studywas double blindedopth
participants antheresearcher are blinded to eliminate subjective, ugrgsed
biases) Neitherthe researcher nor the participakiew which group each
participant belonged to, and what stimulus beverage they were drinkiogrd
parties assisted witime procedure of blinding the drisk1 woman andL. man) The
assistant was asked to prepare a stimulus beveragadomarticipanassign each
participant a numbendcondition,in either arodd or even sequence. Particifga
were allocated randomly to eith@group A(experimentalpr B (Control) therefore
creatingtwo groups and 2 conditions. Each participant was allocateddndition

only once. Radom allocation provided equahance to be assigned to A or B.
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Materials

Stimuli

The eperiment was carriedut using two types of drinksexperimental and coral.

Each participant receive?b0 ml ofdrinkina 57 0 ml clear plastic
Ma n i &tifngliwere andenticalbrown colour Experimental one wasreeway

Cola, a high sugary drink that contaii®3 Kcal of energy per 250nand25g of

sugar. The Control drink waeeway Diet Colaa low sugary beverag®ntaining

3Kcal per 250mkingle serving, with less th@an5gof sugarand sweetened with the

artificial sweetenemspartame. Participarntensumed one 250rkverage20

minutesprior to the test.

These beverages were chosen as previous published work has shd@®@ngtioat
glucose dissolved in 250ml of water improved performance of memory and no
memory tasks in healthy yourglults(Kennedy and Scholey, 200@lso, Anderson
and Woodend (2003) fourah effect of 25@f glucosen that it loweredhe effect of
satiety, and 50 g or more increased satiety and rddaod intake And Reid,
Hammersley, Hill and Skidmore (2007) used 1800 kJ of suenodd 70 kdbf
aspartame and founagicipants who consumed sucratenged theienergy intake

whereas thgroup with aspartame did not.

Stimulusimages

Several studies hawevestigatedood images igon-diet versusdiet) using Implicit
Association Tesng. IAT therefore is a useful tool in measuring the reaction times

(RT) and errors in taskduring food selection investigatiarReaction time measures
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the speed afesponses tdifferentstimuli. Each participant was presented with
visualimages of different foods, one image at a time for B.images presented

on the computer screen had an average resolution of 500x3B&imulus food

images were retrieved without legal obligation framw.pexels.com Ten healthy
(diet) and ten unhealthfnon-diet sugaryfood images were used in randarder
within trials. Sugary food images werechocolate lollipops, chocolate sundae,

gummy bears, sugar cookie, muffin, chocolate desserts, chocolate cookies,

macaroons, and doughnuts (see Appendix C). Diet images presented were basil herb,

mushrooms, paprika, cauliflowerghibage, peas, red tomatoes, broccoli, courgette

and asparagus (See Appendix D).

Internal consistency of number of implicit measures, IAT showed reliability
Cronbach Alpha = 0.78Greenwald, McGhee and Schwartz, 1998). IAT is also
useful tool in terms ats validity (Greenwald, Poehlman, Uhlmann and Banaji,

2009).

Rosenberg SelEsteem scale

Mor ri s Ro s-Estderescalgis aslO-itBne dedle with 4oint items. It is
designed to measure seteem (Rosenberg, M. 1970AppendixE). The Self
EsteentScale (RSE) is a Guttman sc&daneasure sefivorth by measuring positive

and negative feelings about self. Scoringslierscale are: Items 2,5,6,8 and 9 are

reversed scores and apply to negative

lpoint,* Di sagree” 2 points, “Agree” 3 poi

Scores then need to be summed for all the iténfsgher score indicateshigh self
esteem and low score, low selesteemThe4-point items also are scored by

reversescoring the agatively worded items.

f

e

nt s


http://www.pexels.com/
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Reliability demonstrates a Guttman scale coefficient of reproducibility of .92, and

therefore indicateexcellent internal consistency.

Validity of RSE: Demonstrates concurrent, predictive and construct validity using

known groug (Baumaister, Campbell and Vohs, 2003).

Apparatus

Four stationary computers (EPrime Dell) were ussdyell a®ne private laptop
owned by the researcher. All devices had Open Sesame priogtaited(Mathot,
Schreji and Theeuwes, 201 %vith the Implicit Association Testvith specificfood
imagesJAT was designed by the Laboratory Technician in Psychology Department
of Dublin Business SchodDpen Sesame recorded @dirticipantsdata: age and sex,
reaction times andumber of errorsThe Self-eseem scale waassessefbr each

participant individually.

Labor at or usedircttosmipdy werer Dell OptiPlex 760 PCs running
Windows7, E7400 Intel Core 2 Duo processors with 2 GB of system memory.
Personal laptop used for the experiment wasdéfivs 10 HP Intel Celeron N3060,

at 1.6 GHz, 4GB Ram, 64 Bits.

Procedure

An initial pilot study wascarried outwith 2 people afterthe test was fullplanned
andbeforegatheringeal data. This allowed me to test for any flaws in the

experimental procede.
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At the beginning oéveryprocedurea consentdrm (see AppendiB) was given to
each participant. Next, they weasked to read iggree to participate, andygiit. A
copy ofthe mnsentform was giverio everyonewhile the original waseld bythe
researcher. After collectintpe consenforms, theassistant was askedpoepare and

mask stimulus drinks

An odd or @en number was given to each volunteer dependirtgesorder oftheir
participation.They consumed their drink and started Ith€ test 20 min after. Each

participant was allocated randomly to a computer, briefly informed of the test

procedure and told they could stop the test at any time if they felt uncomfortable or
distressed Par ti ci pant sangpenxuestidandtieie“i sre(eithearge ” i n
male or femaleandcompleted thd 0-item Rosenberg SelEsteem Scale

assessment.

Next, participants were allowed a practice session on the computer, so that they were
familiar with the apparatus and the types of images to beaged. A series of 20

food images were presented on the screen individually, each for 5s. Also, on the
screen were presented the words “Positiv
to press the “Q” or *“P” keys ffewad QWERTY
associated with the food image. The correct responses were not used in statistical

analysis later. In the Practice session, participants were asked to associate healthy
diet food i mages (Il ow sugary cowthent) wi
“Negative”. No time | imit was set. No d:
the later statistical analysis. The Core test of the Implicit Association Test was

designed with four blocks and 20 trials in each block (see Table 1).
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Tablel. Overview of the IAT employed in the present experiment

Blocks Number of Stimuli assigned  Stimuli assigned
Trials to sequence A to sequence B

1 20 Sugar positive/diet Diet positive/sugar
negative negative

2 20 Diet Sugamegative/diet
negative/sugar positive
positive

3 20 Sugar positive/diet Diet positive/sugar
negative negative

4 20 Diet Sugar negative/die
negative/sugar positive
positive

In Block 1, For participants presented with sequence A, the instructions require them

to associ

ate high

food I mages

thelet upper

sugar food I mages

with “Negative” (see Fi

corner

of the computer screen

wi t

gur e

in the upper right corner. In the next block of trials for sequence A, participants were

required

t

o

associ

ate diet | ow sugary f

imageswi t h “ Negati ve”.

In the third block of trials, the direction of association to images were resemble block

1, and for fourth block of trials, was same as for block 2. For the participants in the

sequence B the same food images were employed as well aseapndomly on

the screen.

h

O (
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For sequence B, in contrast, participants were told to associate low sugar diet food

i mages with “Positive” and sugary food i
block 2, high sugar images were to be associated with thewwordd h  “ Posi t i ve”
| ow sugar diet i mages with “Negative”. |

with images were like in block 1, and for block 4 like in block Each block

contained 20 trails.

A Fixation dot appeadfor 5s,the food imagend words (positive/ negativelere
alsodisplayedgiving each participant a time of 5 seconds to respond to each image.
No feedback was given to participants during trials. Each participant was asked to

respond as quickly as possible to each imBgehparticipant has responded to 80

trials seeing 80 food images in the core test.

Figure 1. Image represents a trial from the IAT computer task, where a high sugar
food image is presented with positive or negative association.
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positive

Figure 2. Imageepresents a trial from the IAT computer task, where low sugar food
image is to be associated with either a positive or negative association.

The participants number (even/odtBtermine the order of the 4 blocks. Thenere
two combinations (A or B), ahe 4 blocks of trials (counterbalancing). Open
SesaméMathot, Schreji and Theeuwes, 201al the even/odd participant number

to execute one of the two combinations

This design randomised the way the different sequences of images were presented to
participants during the testing and kept the testing protocol as fair as posdtble.

the testeachparticipant receivedrritten Debrief GeeAppendixF) anda short

description about the nature of the study. They could @adsthe researcher any

question about the study

Protocol
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Experimental protocol was submitted on October 2017, to Dublin Business School
Moodle account for Ethics Committee approaatl was approved the following

month.

Ethics

Ethical consideratiaswere taken into accourithe esearcher consulted ethical
guideline code of conduct for Psychological Society of Ireland PSI

www.psihg.ie/Documents/Code%200f20Professional%20Ethics.PDF

The Ethics Committee had approved the proposal for this experiment in November
2017. Ethical considerations included the health and comfort of participants.
Participationin this experimental research was voluntary and required individuals
who were willing to consume a high sugar beverage and had time to do so. Due to
the high content of sugar in the Cola, care was taken to make sure people with
sensitivity to glucose or partame, or with health issues like cardiovascular
problems or diabetes were not involved. All participants were treated with respect
and dignity by the researcher and could stop the experiment at any time if they felt
uncomfortable or distressed. No manrgtgoods were given to participants or
collected from other sources. All sources for the experiment like stimuli and cups
were covered from researcher’”s private b

collected data is stored safely for required limit ofetiaf up to five years.


http://www.psihq.ie/Documents/Code%20of20Professional%20Ethics.PDF
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Results

Descriptive Statistics

Raw data was collected from all computers using Open Sesame. Data was saved into

Excel for every participants responses.
reaction times (in milliseconds) were calculateescores were calculated usiDg
algorithm paadigm, and total scores were copied to SPSS. Mean and Standard
Deviations were calculated. S&lsteem scale was computed with Open Sesame for
each participant. Age and gender raw data was copied to BR&Is the software
have showed that all parametassumptions for tests were met and data distribution
was normal, Zailed.

Table 2 presents totals fbrscores, Correct Reponses and Mean ofEsiéem

scale. total Bscore for experimental group (N=20) was M=0.16, and SD=0.73. Total
D-score for contriogroup (N=20) were M=0.15, and SD=0.62. Total-Bcore for

males (N=13) were M=0.05, and SD= 0.77. Totaddare for females (N=27), were
M= -0.02, and SD=0.65. Total Correct Responses for experimental group (N=20)
were M=59.70, and SD=15.10. Total Catr&esponses for control group (N=20)
were M=56.35, and SD=17.19. The RosenbergBsiéem scale was completed by
all participants (N=40). Mean of Seffsteem calculated was M=20.30, and

SD=58.20. Total of all Correct Reponses for all participants (Nw&8)M=58.20,

and SD=16.06.
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Table 2. Descriptive Statistics

Variables Groups Number of Mean Standard
participants Deviation

Total D Experimental 20 0.16 0.73
Score group

Control Group 20 -0.15 0.62
Total D Males 13 0.05 0.77
Score

Females 27 -0.02 0.65
Total Correct Experimental 20 59.70 15.10
Responses group

Control group 20 56.35 17.19
Rosenberg 40 20.30 58.02
Self-Esteem
scale
Total Correct 40 58.02 16.06
Responses

Inferential Statistics

The first hypothesis was tested using Mean Tiétal D-scores for two groups
experimentaland controlMeasuring an implicit bias towards sugar or diet food
images it was found that experimental group, the participants drinking sugary cola,
showed positivémplicit preference bias towards high sugary food images over low

sugary (See Figure 3).
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An Independent sampleddstwas carried out, and it wésund (Table 3), however,
that there was no statistical difference betweestores on experimental (M=0.16,
SD=0.73) and control group (M&.15, SD=0.62) (t (38) =1.44, p$6,1Cl (95%)-.12
A .74). Therefore, the null hypothesis is acceptént IAT identified there was no

significant betweegroup difference.

Table 3. Table presents scores for Independenpkgariktest withD-scores and two
conditions.

Variable Groups Mean SD T df p
Total Experimental 0.16 0.73 144 38 .16
D-scores group

Control group -0.15 0.62

0.50 I

Mean TOTALDscore

. _

-0.257

-0.50]

I I
Experimertal group Control Group
Name_of_group_with_condition

Error Bars: 95% CI

Figure 3. Figure presents Mean I®Fscores, with standard errors bars, for
experimental and control group. A greater-pugar bias is indicated by larger
positive scoresresponding more quickly on sugar positive and diet negative.
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The second hypothesis was tested comparing the Mean number of Correct Responses
between théwo groups (conditions) experimental and control. Figure 4 shows no
association between the number of correct responses during the and the two group
conditions. (see Figure 4).

An Independent sampleddst foundTable 4)that there was no statistical

difference in correct responses between experimental (M=59.7, SD=15.10), and
control group (M=56.35, SD=17.19), (t (38) = 0.65, p=.516, Cl (95%00A

13.70. Therefore, the null hypothesis is accepted.

Table 4. Table presents scores for Independent ®ariipést, Total number of
Correct Responses in the two conditions.

Variable Groups Mean SD t df p
Total Experimental 59.70 15.10 0.65 38 .52
Number of group

Correct

Responses

Control group 56.35 17.19

@
S
o
=]

40.00-]

20.00+1

Mean Total_Correct_responses

0.00-

Experimental group Control Group

Name_of_group_with_condition

Error Bars: 95% CI

Figure 4. Figure presents Total Meafrcorrect Reponses, with error bars, for
experimental and control group. No significant differences were recorded between
these two groups.
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The third hypothesis was tested, using Mean Total ofAgcores for two groups
males and femalddeasuring anmplicit bias towards sugar or diet food images
was found thaimalesshoweda small positive implicit biawwards high sugary food
images over low sugarand the opposite pattern in femal8se Figuré).

An Independent sampleddst found that therwas no statistical difference between
D-scores of males (M=0.06, SD=0.77), and females {(M>2, SD=0.66) (t (38) =

0.32, p=.B, C; (95%)-.401A .553). Therefore, the null hypothesis is accepted.

Table 5. Table presents scores for Independent Samybést, T otalD-scores for
males and females.

Variable Groups Mean SD T df p
Total Males 0.05 0.77 032 38 .75
D-scores
Females -0.02 0.65
% 0.257 -
a
Z
S 0,004 I I
g
-0.25- — =
gender
Error Bars: 95% CI

Figure 5. Figure presents Mean I®Fscoreswith standard error bars, for males and
females.
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The fourth hypothesis tested for any association between Correct Reponses and
levels of SeHEsteemlUsing Simple Regression test, it was fodinat the number of
correct responses did not predict sasifeem (F (1,38) =.058, p=.8112-R.025),
(Rosenberg selésteem beta= .039, p= .811, Cl (95%P6A 1.22. However,

Figure 6, shows definitgositive correlation between Correct Responses and Self

Esteem.
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Figure 6. Figure presents PlotRégression association between correct responses
and SelEsteem.
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Discussion

Implicit attitudes

The current study employed a tgooup approach to measure IAT implicit attitudes
towards food images after consumption of two types of beverage. Dupgr
experimental and control, were presented with food images with different types of
stimuli. The gathered results for the first hypothesis showed that neither experimental
nor control group varied significantly in their implicit preference for therajees

of food cues. The results indicate, that individuals from the experimental group (high
sugar condition) had a greater fmagar bias, were faster with reaction times

responses towards high sugary images than the individuals in the control gr@lip. To
D-scores showed that participants in both conditions preferred food cues that
resemble the type of the stimuli they consumed. However, statistical analysis showed
that there was no significant result indicating no differences between two conditions.
Sothe first hypothesis is rejected. These findings do not support the beginning
prediction. It was predicted that the induvial drinking the high sugar cola would have

significantly shorter reaction times then the control group.

To continue with implicitattitudes, the third hypothesis was also measuring the two
conditions, but also the number of correct responses, to see if those numbers will
differ. The third hypothesis also measured the implicit attitudes usirig-Hoere
paradigm, and assessed the two groups, males and females. Implicit afitudes
scores results indicated that males scored more positive than females, having
therefore larger positive scores for implicit bias towards the high sugary food cues

(positive implicit preference bias). Females, in the other hand, had low sugary food
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cues bias, indicating that females preferred slightly more the diet food images. The
reaction times scores showed that gender did not signify whether someone scores
faster or slaver towards food images. This slight difference however was not

statistically significant, and therefore this hypothesis is rejected.

Correct responses

Correct responses for this experiment were measured with Implicit Association Test,
where overall scoreof participants were first viewed, and incorrect responses were
removed from the data. The higher number of correct responses would indicate that
the group or condition have more positive preference towards a target. Based on the
results for the second/pothesis, the total of correct responses was tested with two

conditions, experimental and control. However, no statistical significance was found.

The fourth hypothesis was measuring the total correct responses and the association
with the selfesteem othe respondent. All participants were asked to state their
general feelings about themselves using the RosenbergsSedm scale (RSE). The
average total results of the traits were varied among all tested population. The data

gave a nossignificant resulbetween both variables using Simple Regression test.

Reintroducing the Aims and Results

With reintroducing current research aims, where two types of stimuli were assessed
and experimentally tested (diet and fhat beverages), and two conditions
(expermental and control) using Implicit Association Test where all participants
were presented with food images, the result reveal that beverages did not change
implicit preference towards certain types of foods within this tested population.

There was also neffect seen of selfeported selesteem and food choice.
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Support fromprevious research

Several previous researchers have conducted studies that test the effects of sugar on
mental abilities. Some results have some mixed findings in terms of whether sugar
enhance the performance or not. This current research supports the theory that sugar
hasthe ability to enhance tasks on reaction times, and therefore supports several
previous studies. for example, Dye, Lluch and Blundell, (2000), Kennedy and
Scholey (2000). The experimental group that consumed the high sugary beverage
scored greater prsucar bias with larger positive scores towards sugary images. A
study looking at food preference between vegetarians andeatsas (Barnes

Holmes, Murtagh, Barnedolmes and Steward, 2010), found people who claimed to

be vegetarians preferred vegetables oveat. In the current study, individuals who
consumed high sugar beverage were more likely to associate faster those images that
were attributed with high sugar content. IAT is a useful tool to measure food
preference only if these two types of foods slulifferent properties. For example,
healthy versus nehealthy, diet versus nedliet, to be valid for the research, and to
predict behavioural preference towards any type (Richetin, Perugini, Prestwich and

O Gor man, 2007) .

It is believed that artificial\@eetener such as aspartame, enhance the nervous system
impacting therefore neurobehavioral function. Aspartame is akwelvn but also
controversial sugar substitute that seems to be added to a variety of foods, both solids
and liquids. People may receivgormation that low sugary content of food

indicates it helps to lose weight. However, scientific researchers argue that large

guantity of aspartame in beverage consumption have the opposite effect, such can be
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linked to greater hunger due to low calar@tent, and so resulting weight gain
(Williams, Strobino and Brotanek, 2007), (Yang, 2010), (Strawbridge, 2012), also it
can promote food intake and increase consumption (Swithers, Martin and Davidson,
2009). In the current study, artificial sweetenapg@tame) was an ingredient of a
beverage that the control group received. The result however, did not support
previously mentioned studies on aspartame. These participants who received diet
type stimuli did not crave more sugar, so the beverage had psitgeffect what
was suggested and hypothesised. On the other hand, this research may give some

suggestions to support an idea of health beneficial effect of low calorie drink.

Strengthsof the current study

Research in psychology tends to have alwaysesstrengths and weaknesses. This

also applies to this study. Strengths of this current research is that the true experiment
design was used. So therefore, the principle of a causation (cause and effect) was
attempted. This study measured the effectssoigary drink versus diet on implicit
attitudes. However, the results did not show any statistically significant results, but

the idea of measuring beverages that are widely available to all population and their
possible effects on human cognition is ieting and important to research. These
possible effects may apply to choose of foods that all people do, and possible impact
on health and welbeing (Wittekind and Walton, 2014), (Makk al,2015). All data

was tested for the parametric assumptioregard to the distribution. The strengths

arethenopr obabi l ity sampling withtalledhdi vi dual

distribution of the population.
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Limitations

Themain focus of this study was to use Implicit Association Test (Greenwald and
Banaji, 1995) to look for an implicit association, but one disadvantage is tHat the
scores have to be calculated, so raw data is not available to carry out other statistical
tests. Although, accepted are null hypotheses for four tests, it would betingpte

look at the raw data for further statistical analysis.

Some limitations of this research can be mentioned, and these may the factors giving
nonsignificant results. This study applied consumption of widely available

beverages that contain commagredients (sugar and aspartame). This true
experiment was assessed in the laboratory environment, so therefore it lacks in
ecological validity. It is impossible to control for certain what each participant had
consumed (food and drink) before the expenal procedure. Even though

participants were asked not to consume a sugary drink for 3 hours beforehand
experiment, not all of them did this. The amount and type of food or drinks could
have some impact on either metabolism of each participant, beforeg or after

the consumption of the sugary / diet stimuli (Swithers, Martin and Davidson, 2009).
The metabolism of an individual, could also be considered. Each person has an
ability to digest sugar quicker or slower (Clemensal,2016). Also, some

patticipants could be a regular cola beverage consumer, so the drink would not have
the expected effect on computer task. Furthermore, sample were unevenly divided in
relation to sex (13 males and 27 females). The third hypothesis resulted in non

significantp value for sex and number of correct responses. However, the graph 5



38
showed that males scored more positively with number of correct responses than
females. Perhaps with a larger sample size and even numbers of males and females
would show statistical sigficance. Time of the day for the procedure, morning,
afternoon or evening, also could be having an effect on participants, in relation to
better performance (Dye and Blundell, 2002), memory (Lewandowska, Wachowicz,
Marek, Oginska and Fafrowicz, 2017).this experiment, participants were tested at
different times of the day. Some volunteers were tested in the morning, some in the
afternoon, and two females were tested after 5 p.m. The best design would be to test
everyone at the same place and the sametiut this would be impossible. Another
aspect of the methodology to critique is the time of administration of the beverage.
The current study applied a-B@inute duration between consumption of sugar or diet
stimuli and the computer task. Some reseatgjyests that time duration for the
onset from consumption of food and performance can be changeable (Gadah, Kyle,

Smith, Brunstrom and Rogers, 2016).

Conclusion

The main aim of this study was to measure high sugary and low sugary beverage
towards implict attitude bias using Implicit Association Test (IAT). Aim was

succeeded when two different conditions were created, experimental and control.

However, the all result does not support any of four hypotheses, suggesting there was
no significant differencewith scoring and other tasks, and therefore both created
conditions did not show significant change after consumption of the beverage.
Looking at the Figure 3 it can be seen that, the experimental group is biased towards
high sugar foods and this patteithough is not significant would suggest further

research with larger sample size. In this way it could be seen if this pattern can be
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replicated or not. Figure 5 also showed an interesting pattern in that it shows slight
contrast between males and fersalewards food images. Women may
unconsciously choose the low sugary food images due to bias toward functional
foods as shown in previous research (Ares and Gambaro 2007¢sfain was not

associated with correct responses in this research.

However, gving the limitations to this study and the patterns seen after measuring

with the IAT, there are possible directions for a future research.
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Appendix A

Welcome!
My name is Anna Gruszczak and | am final year student of Psychology.

You are invited to take a part in an experiment for a psychology thesis. The aim of
that experiment is to test the effects of sugary drink on cognitive abilities and will
involve consuming@me popular beverage approximately B00 ml. The test will

take an approximately 30 minutes for all procedure including simple computer task.

All participants must be attending an undergraduate program and must be 18 years
and over.

It is notrecommended that you participatgou have any allergies to sugar,
caffeine, aspartame, phosphoric a@dmmon ingredients in popular drinksAlso,

you cannot participate if you take any medication that may interfeita time
reactionor absorptiorof stated above ingredients, if you are diabetic, have heart or
blood related medical condition, (for women you are pregnant or breastfeeding.
Or any other related me@l condition that you think may be related with negative
outcomes when drinkindnése beverages.

An information sheet with further details will be provided to each participant before
the test will begin.

The participation for this study is also voluntary and you will be allowed to stop at
any time of participation if you want to.

If you are willingto participate, please contact e

xxooxxx@mydbs.ie

Thank you for your attention and hope to see you soon.


mailto:xxxxxxxx@mydbs.ie
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Appendix B
Welcome!

You are going to participate ima&xciting experiment for the purpose of my psychology
thesis.

The AIM of this experiment is to EXAMINE ANY EFFECT OF the sugar and coffee
content of a common beverage on cognitive ability. You willdsgiired tadrink an
assigned amount of liquid, waitrfa designed time to allow the drink toeadf
(approximately 105 minutes) while relaxing reading newspapers.

Afterwards, you will be asked to sit in front of tbemputer anésked to state your age and

sex. Next, you will respond told-item questimnaire about general feelings about yourself.

The tests are simple tasksdcontainpractice, to allow you to give more confidence while

doing the ®“Core test”. You wil!/ make sure to
screen carefully, but ifgu feel would need more explanation just let me know.

All tests will involve displaying images ébod andbeing askedo respond to a question on
these foods by pressing a certain key on the keyboard. Please notice that you \siidtave
time of 5 seonds to answer in Core test.

Before taking part in the experiment, please make sure that you are aware tthahgou
havediabetes, or heart and blood related medical conditions, that you are not on any
medication that will interfere with reaction timéat you are not allergic to any of the
following; sugar, aspartame, coffee, also you cannot take part if you are pregnant or
breastfeedingt is important to NOTE that

1 High sugary beverage contains chensgdbr example caffeine) that might elevate
your heart rate,

1 sugar is absorbed in your intestine into blood as glucose giving you an energy rush,

1 aspartame E951 is an artificial sweetener used as a substitute to sugar in major
popular drinks,

1 Phosphoric acid is a mineral acid and is made of phosphdrich is found naturally
in the body. All stated ingredients are not harm to the body in a moderate quantity.

You are also informed that you can withdraw
have to give any reason. This experimemnolkintary,so you may not agree to consent.

CONSENT FORM experiment involving sugary drink consumption and cognitive testing

| have read and understood the attached information letter regarding this study. | have had
the opportunity to ask questions and discussthey with the researcher and | have
received satisfactory answers to all my questions.

| understand that | am free to withdraw from the study at any time without giving a reason.
| agree to take part in this study.
Participant’ s Signatur.e ....ccccciiceeececeeeeeee.Daat el

Participant’ s Name i n priNnt e,
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Appendix C

AppendixC presents images of Doughnuts, Cookies, Waffles, Chocolate Desert,
Cookie, Gunmy Bears Muffin, Ice Cream Sundae, Chocolate Lollipop, Macaroons
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Appendix D

AppendixD presents images of Peppers, Mushrooms, Cabbage, Spinach, Peas,
Courgettes, Cauliflower, Asparagus, Broccoli, Tomatoes.
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Appendix E - Rosenberg SeHEsteem Scal€éRosenberg, 1965)

The scale is a ten itelnikert scale with items answered on a four point se&iem
strongly agree to strongly disagree. The original sample for which the scale was
developed consisted of 5,024 High School Juniors and Seniors from 10 randomly
selected schools in New York State

Instructions: Below is a list of statements dealing with your general feelings about yourself.
If you strongly agree, circle SA If you agree with the statement, circle A. If you disagree,
circle D. If you strongly disagree, circle SD

1. On the whee, | am satisfied with myself. SA A D SD
2.*  Attimes, | think | am no good at all. SA°A D SD
3. | feel that | have a number of good qualities. SA A D SD
4. | am able to do things as well as most other people SA A D SD
5.* |feell do not have mucto be proud of. SA A D SD
6.* | certainly feel useless at times. SA A D SD
7. | feel that | 'm a persoSA A D SD
plane with others.
8.* I wish I could have more respect for myself. SA A D SD
9.*  Allin all, I am inclinedto feel that | am a failure. SA°A D SD
10. | take a positive attitude toward myself. SA A D SD

Scoring SA=3, A=2, D=1, SD=0ltems with an asterisk are reverse scotbdt is,
SA=0, A=1, D=2, SD=3Sum the scores for the 10 items. The higher the score, the
higher theself-esteem

The scale may be used without explicit permission



52

Appendix F
Debrief letter

Thank you for your participation in this experiment. The goal of this study was to
determine the effects of sugary drinks on your performance in a computer task. | was
measuring both reaction time and accuracy (errors). Many cognitive psychology
researcherare interested on how the brain and behaviour is affected by various
stimuli, and so these measurements of the performance will be very valuable.

The beverage we gave you to drink could influence your score. Your score could
suggest that you prefer otyge of food instead of the other one. For this experiment,
we created two conditions; one was an experimental and the other was a placebo.
The design of this study was double blinded which means that neither you nor the
researcher knows what group yourgvallocated to.

In this experiment, you were using a valid scientific procedure that looks at
unconscious bias in people. We were interested in how well you would score after
drinking a particular stimulus. So therefore, the overall result of this study may
suggest thathe active ingredients of the drink affect your performance.

The images that you were sorting during the test are just examples of food that
everyone could easily discriminate as either high or low sugar. The same images
were displayed for every particigarandomly but in different sequences.

You were also responding to short ten items questionnaire that focuses on levels of
self-esteem. This measurement could help to determine whether higistasim
trait helps with people’s performance.

Your partici@tion is not only greatly appreciated by the researcher, but the data
collected could possibly aid further developments in this field of psychology.

It is important to notice that all data collected will be used for sciemifatysisbut

the names ofarticipants will not be displayed anywhere. Your name in consent
form is only used for the agreement of
evaluate results by looking at numbers. Researcher will also be responsible for
storage all data in safegge when not in use. All data will be destroyed carefully by
shredding andeleting from computer disk at the end of the study. The data could be
stored for up to five years.

If you have any questions about this study, please contact us.
Researcher: ArmGruszczak xxxxxxx@mydbs.ie
Supervisor: Dr.Patricia Frazemxxxxxxxx@dbs.ie

Finally, researcher urges you not to discuss this study with anyone else who is
currently participating or might participate at a future point in time. As you can
certainlyappreciate, to maintain fairness, | will not be able to examine participants
who know about the true purpose of the project beforehand.

Thank you!



