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The participantswho drank tea (v.s. waf) and had the habit of drinking tea performed
best inthe RAT. A "split half effect” was found. That is, participants' performance in
different groups was significantly different in the second half of the RAggesting
that drinking tea leads to persist@gmbblemsolving convergent thinkindg=xperiment

2 aimed to replicate the findings in Experiment 1 usidgferent convergent thinking
task namely,riddle tasks where participants needto solve riddleswith different
levels of difficulty The resultsrevealed that performance the tea groupn the
difficult tasks was significantly higher than thatlve water group; after controlling for
knowledge level and intelligence, the differenageshe performance in the medium
and highdifficulty riddle tasks between the two groups weignificant.Although no

experimend found amediating effect of positive emotigrExperiment2 showed that

the participants in the tea group were happier and more interested in the task than those

in the water groupTo conclude, he positive effecs of tea drinking on convergent
thinking wasdemonstratedind the moderating effects of knowledge level, intelligence,
and tea drinking halst were elaboratedThe results have important practical
significance for those who @rengaged in creative work or those who are prone to

fatigue

Keywords Tea Drinking; Convergent Thinking; CreativityPerformance; Tea

Consumption; "Split half effect"”



=

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1. Introduction
Tea consumption ranksecond in the world, only to wateonsumption(Hodgson
& Croft, 2010). Many studies have explored thactional effectof tea. It has been
found that drinking tea is good for physical health (Ruxton, Phillips, & Bond, 2015;
Shen & Chyu, 2016; Hayat, Igbal, Malik, Bilal, & Mushtaq, 20X®gnition (Eintther
& Martens, 2013; Dietz & Dekker, 2017; Kuriyama et al., 2088) emotionEindther
& Martens, 2013; Eindther, Rowson, Ramaekers, & Giesbrecht, 2016)
Recentlyresearcton the cognitive impact of tea drinkihgsfocused on creativity.
Convergent creativity and divergent creativity involve different cognitive processes.
Convergent creativity requires talmwn cognitive processing, which focuses on
searching for an appropriate idea based on-eleflhed criteria, \Wile divergent
creativity involves less todewn processing, so people can search for many different
ideas with less defined criteria within a wider seaphn It has been founthat tea
improves divergent thinking in creagitaskse.g.,the Remote Assciation Test (RAT,
Huanget al., 2018). However, few empirical studies haweestigatedhe effect of tea
drinking on convergent thinking (Einéther et al., 2015).c8 convergent thinking is
an essential human activity (Ab&kel, Webb, de Montpellier, Von Bentivegni,
Luechinger, Ishii, & Mohr, 2020Shettar & Tewari,2020) it is worth discovering
methodghatcould improve convergent thinkinghe current research will address this
issue We will first review the literature and describe our research proposal

1.1 Tea and primary cogmie processing

Empirical studies on tea consumptiand cognition mainly focus on tea and fow
level cognitive processes, namely, attention or alertness level. To datestsulies

have specificallyexplored the effect of black tea on attention performdkasother
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and Martens, 2013Hindmarch, Quinlan, Moore, arfdarkin (1998) compared the
effects of coffee, water, and tea with and without caffeirtbercritical flicker fusion

(CFF) task (an objective means of measuring subjéetsility to distinguish discrete
sensory dafjaandthe line analog rating scale (LARS). the CFF task, subjects are
required to discriminate flicker fusion in a set of four lighitting diodes held in
foveal fixation at 1 m. With LARS, subjective ratings of treatment effects are obtained
from a series of 10hm line analog rating scalewhere attention is assessed by
alertness items. The results showed that caffeinated beverages improved task
performance and setéported alertness, and cognitive performance decreased more
slowly over time than performance did with noncaffeinated beverages. Moreover, the
study found that tea's attention benefits could not be entirely attributed to caffeine and
that other components (e.dlavonoids theaning of tea couldalso contribute to
cognitive benefitsThe study showed that subjects who drank caffeinated tea had a
significantly greater CFF threshold than those who drank caffeinated water (caffeine
concentratioawereequal).The study provide preliminary evidence for the beneficial
effects of tea on attentienelated performance. In thesubsequenstudy, the main
effects of 37.5 and 75 mepffeinein the CFF and LARSasks, respectivelywere

successfully replicated (Hindarch et al., 2000).

A recent study (Bruin, Rowson, Buren, Rycroft, & Owen, 2011) used ddlibk:
placebecontrolled crossover designs and more complex attention tasks to further
investigate these effecsgain, accuracy ithe attentiorswitching task \as improved
after drinking black teaandthe participantan thetea groupreported higher levels of

4
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alertness thathose in the placehbgroup.

It can be concluded from the above studies that drinking tea can ingitemgon
and seHlreported alertness. Studies on caffeine and the combination of theanine and
caffeine further support these conclusions (Giesbrecht, Rycroft, Rowson, & De Bruin,
2010; Kelly, GomeRamirez, Montesi, & Foxe, 2008).
1.2 Tea and cognitive thinking in aavity

A few studies have investigated the relationship between tea consuraption
creative thinking as mmadvanced comprehensive cognitive procé@3dse work of
Einttheret al. (2015) and Huang et é2018) providedpreliminary evidence forthe
main effect of tea on divergent thinking in creatitasks In particular,Huang et al.
(2018)showed dsplit half effect’; that is, the enhancirgffecs of tea drinking on task
performance did not appear until the second half of the task. It ibleosdst tea also
causesmprovemens in enduranceéds thetask goes on, thiea starts to take effett
resist the decreasemérformanceThis study showed that tea drinking can significantly
help maintain and improve performance in the second hatfoghitive tasks a
phenomenomwralled”split-half effect. This means that the enhancing effects of tea on
convergent creative performance lies in its ability to maintain tenacity and persistence.
Thismay also be becautige more difficult the task is, éhmore helpful the tea drinking
is, which is consistent with previous research findings (Eindther et al., 2015).

Contrary to divergent thinking, convergent thinking focuses on producing a single,
comprehensive answer to a question, which usually means the process of providing a
“correct” answer to a standard question (Cropley, 2006). Convergent thinking is a
necessary part of the creative process and is inextricably linked to divergent thinking.
Given that tea drinkings beneficial to divergent thinking ireativityand convergent

thinking is linked to divergent thinkingve hypothesizedhat tea may also promote
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convergent thinking, as assumed by Eindtberal. (2015). Eindther et al. (2015)
claimedthattea consumption will improve creative problem solving due to increased
positive affect compared to a neutral control and to a similar extent as a positive control.
Unfortunately, Eindther et a{2015)did not find significant evidence to support their
assumption.

We argue that there are several reasons why no empirical evidence has been found.
First, there are problems in the method of measuring creativity. Prestimlisshave
usedthe classic RAT to measure creativity. This subjectiest is very likelyto be
influenced by individuals' linguistic ability and vocabulary, which were not controlled
for in the former studie$n addition,convergent thinking performance is closely related
to the level of participants' knowledge and intelligence, which was not considered and
controlled for inprevious studies. In the current research, we will examine the effect of
tea drinking on convergent thinking by addressing all the above methodological issues.
Second, the tedrinking scenes and theadividuals teadrinking habis were very
different, which was not controlled for in previous studiekiang et al.(2018)
controlledfor the influence of individual tedrinking habis and teamakingscenario
regardingthe volume, concentration, and temperature oféheby preparigthetea in
the laboratory in advance, such that they fotlnedeffect of tea on divergent thinking.

Therefore, we also usale same methaedo exclude the influence of those factors.

Based on thabove discussion, we propose the following hypathes

H1: Drinking tea improves performance in convergent thinking activities.

We will test our researdhypothess in two experiments. In particular, we will
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controlfor the possible marginal conditions of language ability, intelligence, and tea
preference and habit. Experiment 1 will test the main effect using the RAT to measure
convergent thinking. Experiment 2 will try to replicate the findings in Experiment 1
using amther type of convergent thinking task, namabjgle tasks. In both

experiments, we will measure possilpeeviously mentioned marginal conditicios

control for their impacts on convergent thinking performahtearticular, we mainly
focusedon theacute effect of tea on creativity, and creativity wesasured 120
minutesafter tea drinking. In other words, we are mainly interested in the effects
psychological function related to creativity that may happenvierashort period of

time after drinking.

Moreover, we will test the mediating role of emotion in this relationshipe
previousstudieshave found that tea drinking promotes positive emotion and mood,
which may benefit cognitive thinkingléen, Labroo, & Durlach, 2004; Desmet &
Schifferstein, 2008; Yoto, Motoki, Murao, & Yokogoshi, 201eta-analyses of mood
and creativity research have shotlata positive mood leads to higher creativity than
a neutralmood (Baas, De Dreu, & Nijstad, 2008; Davis, 2009). De Dreu, Baas, and
Nijstad 2008) explained the relatiehip between mood and creativity through a dual
pathway model. Creativity can be achieved through either cognitive flexibility or
cognitive perseverance, both of which are mediatechood.Fisher, Ashkanasynd
Rowe (2012) showed that activatingegative mood had a significant lagged effect on
creative process engageméBPE whereas activating positive mood did notand

that activating gpositive mood had the strongest association with CPE when both

provengoal orientation and supervisory support were hidgierefore, we will also test
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another hypothesis:

H2: Positive emotions mediate the effect of drinking tea on convergent thinking.

2. Experiment 1
2.1 Method
2.1.1 Participants

With reference to previous classic studiésm@theret al., 2015; Huang et al., 2018),
the sample sizes of the two studies in this paper were set at 40 &tdt@dof 40 fult
time students were recruited through the Internet and Wd@hakperiment 1In the
tea group, male subjects accounted for 33.3%, and in the water group, male subjects
accounted for 36.8%. Each participant received $6 as a reward for participating in the
experiment.
2.1.2 Design

This experiment included twaaralleldrink conditions: a cup of black tea (Lipton,

a welkknown brandout anonymous to participantand a cup of water, both of which
wereapproximately 260 mindwere served at a drinkallemperaturef 42°C. Black
tea was prepared in advance usingtandard process: one tea baglia€r mlwater.
Tea bags were steeped in boiling water for five minutes. Theneaand the water for
the control condition were kept at a temperature 6€4&2 an electronic kettle. In this
way, we controlled for confounding variables that existed in previous experiments, such
as the brand name of the tea, the experience of preparing the tea, the tea's concentration
and temperature, and the utensils for drinking the téader both conditions, the
drinking amount (ml) of the participants was record®@ed.adoptedrte implicit priming
experimental paradigm such that participants were unaware of the independent variable

manipulation (Hong, Morris, Chiu, & Bendtartinez, 2000). Tea consumption was
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manipulated implicitly by serving tea awater during the greeting segf the
experiment, so the participants did not realize that drinking was the crucial part of our
study.The marticipantswere randomly assigned to one of two conditions. In that sense,
participants are blinded to their condition.

2.1.3 Procedure

In the warmingup stage,he participant arriveéat room A as scheduled to wait for
the start of the experimenf receptionist (experimenter A) pouredcap of pre
preparedhot drink (water/tea) in front afhe participantThe cups provided to the
participantswere disposable, which were picked out fromeav package in front of
every participantThe purpose of tis manipulation was to ensure that participants
wouldn't refuse the drink folnygienicreasonsTo avoid the color, trademark anther
factors of thecup affecing participants, the cup was pure white without any pattern or
trademark.

Then the receptionist returned to the seat and a$tegarticipants personal
information, such as the department, major, grade, stuBenumber,and mobile
phonenumbemot onlyfor the payment purpose but also &xtendng the duration of
warmingup stage To let the participants drink as much as possitie, receptionist
also poured herself a cup of the same driiile warmingup stage lastedbr three to
five minutesso that the participant hashough time to finish the drink. Thethe
receptionist led the participant to room B to perfdh@a experimental tasifter the
participant entered room B, the receptionist meastnm@d many milliliters the
participantdrank witha measuring tube and recorded it.

In room B, the experiment was conducteddxperimenter Bvho didnt know
which drink the participat drank. The participant was asked to complete the tasks

computer. The participant completed the Mood Inventory scale, RAT, Raven Advanced
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Progressive Matrices Test, Mood Inventory scale, tea consumption &iadbigdtitudes
scale, and demographic statistics questionrfaiotuding Chinese and math scores on
the college entrance examinatiom)order ExperimenteB checked whether the tasks
weresuccessfullysubmittedand then directed the participant to go to room A to ask the
receptionist for the paymenthe sessionsabkted35 minutes in total.
2.1.4 Measurements

Emotional state: The mood inventory (MI) scale was used to measure the
participants' emotional state duritige experiment. This scale was taken from Phillips,
Bull, Adams, and Fraser (200@hd Oaksford,Morris, Grainger, and Williamsl096)
and usedto measure the participants’ mood afteanédrthe beverage and after they
completed the convergent thinking tadk. this study, the English version of

Chermahini and Hommel (2012) was used

10
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thinking is related to knowledge and intelligence (Lee & Therriault, 2013; Ritter,
Abbing & Van Schie, 2018), dbese factors needénlbe controlledor. Xiao, Yao, and

Qiu's (2016) Chinese version of tlAT also found that the participanEBAT scores

were moderately correlated with their intelligené®ayers test) and significantly
correlated with their Chinese and math scoregrefore, in this study, the Chinese and
mathematics scores of the pagtgntson the national standardized college entrance
examination were selected as one index of the level of knowledge and intelligence of
the participants, and the scomdghe participants in thRaverisAdvanced Progressive
Matrices(APM) were selected as another indexconsideration of the total duration,
only half of the questions dheAPM were used in this study (18 oddmberedtems

were selected)Since the Spearmadrown splithalf reliability of the parity scoreon
theAPM in Barrow's (1990) study was 0.82, we believed that it was reasonable to select
half of the questiong.he participantsvere given 10 minutes to complete the questions.

The participantswere also asked to report their past Chinese and math scores on
the national standardizedtollege entrance examination. The two questions \asre
follows: "What is your pasChinese score in the college entrance examinati@mfel "
"What is yourpastmath score in the college entrance examination?"

Tea consumption habits and attitudes scale: Due to the influence of tea drinking
behavior on participants' physical health and psychological aspects, the study
conducted by Eindther et al. (2015) only recruited participants who were habitual tea
drinkers (those who drank more than 5 cups of tea a wEed&y. believed that positive

emotionswould be generatedhen

11
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participants could shothe same stimulatory effect as when consuming acaitine,
suggesting that participants' beliefs about drinky alao affect the effestof drinks

on themThus, we also measured one's attitude towards the role of tea because if people
believe that drinking tea makes them happier, calmer and more alert, it may also affect
whether it actually works for them. We asked three questlmatswere rated on a 9

point Likert scale 1 = "totally disagree”, & "totally disagree")'Do you believe in tea

as a pickme-up?" "Do you believe that drinking tea makes people happier? ", " Do you
think tea makes you calmer?"

2.2 Results

2.2.1 Statistical analysis

We used SPSS 22.0 to analyze our data. ANCOVA was used to deternmmarihe
effect of tea on performance in tRAT and themoderating effects of beverage type
and teadrinking habit.

2.2.2 Main effect

Descriptivestatistics showed that RAT scores were significantly correlated with
gender, and the scores of males were lower than those of females, which were also
significantly correlated with age and educational backgrosee Table 1).

[insert Table 1 about here]

Using ANCOVA controlled for gender, APM scores, education, Chinese and math
scoreson the college entrance examination, age, and drink volume, we found that,
consistent with our hypothesis, tharticipants in the tea group had significantly higher
RAT scoes M = 13.89, SD= 6.00) than those in the water grold € 12.94, SD=
6.00) [F(1, 34) = 5.09, = 0.035, %, = 0.195, observed power0.576].

2.2.3 Moderatg effecs

Further analysis showed that there was a marginally significant interaction between

12
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the type of drink (drinking water/drinking tea) and whether or thet participants
usually drank teaF(1, 34) = 4.23, = 0.052, %, = 0.168, observed power = 0.501]
Speifically, in the tea group, 1garticipants who drank tea at ordinary times had the
highestconvergenthinking creativity score@M = 23.20,SD= 3.01), which was much
higher than those who did not usualiynk tea M = 13.11, SD= 1.52).The difference
between the tea groupl(= 11.91, SD= 3.24) and the water groupl(= 10.84, SD=
1.84) was relatively small for participants who did not usually drinkdea Figure 1)
[insert Figure 1 about here]
The main effect of participants’ Raven test scoreRAR scores was significant

[F(1, 34) = 6.24, p= 0.021,%= 0.229, observed power 0.664]. The Pearson

correlation coefficient between the participants' Raven test scores and RAT scores was

0.300 p=0.060).This is similar to the results of Xiao, Yao, and Qi{2016) research
showing that scoeeon the Chinese version dhe RAT were correlated with the
intelligence leved of the participants.

After controlling for gender, drink volume, attitude towards, tege, and
educational background, MANOVA revealetb significant difference between
emotionalstates reported by theparticipants in the tea group and in the water group,
both immediately after drinking tea and after completing the RAT and Raven tasks.

Finally, similar to previous studies (Huang et al., 2018), this study foungphe "
half effect”. The scoresnthe first half (15 questions) and the second half of the RAT
were separatelyscoredand then added to the MANOVA model. After controlling for
the same variables, we found no significant differengés, 34) = 3.30, p = 0.084%
=0.136, observed power0.410] in the RAT scores from tfiest half between the tea
group and the water group. Howewetth the RAT scores from the second hdltfe t

scoreof participants in the tea groum(= 8.00,SD = 2.83) weresignificantly higher

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

than those in the water groud$ 7.35, SD= 2.85) F(1, 34) = 5.90p = 0.024,n% =
0.219,0bserved power 0.639], suggesting that tea leads to persigtaitienisolving
convergent thinking. We call this phenomenon the "split half effect".
2.3 Discussion

The results provide preliminary support for our hypothesis that drinking tea can
enhanceperformancein convergent thinking tasks, and the effect sa®nger for
people who usually drink tea. This study first demonstrated the role of tea in enhancing
convergent thinking. It is worth noting that in both cases, the participants did not drink
much tea. Moreover, the participants did not spend much time testhel' hat is, even
if you drink a limited amount of tea (89.%@ on average, which is not significantly
different from 89.74nl of water in the water group), tea may still enhgmedormance
in convergent thinking tasks. This result indicathdt the tealrinking event itself
(rather than the biological components of tea) playeshhancingole. This conjecture
needs to be further evaluated

However, the results did not show that mood wasmikehanism for explaining
how drinking tea signi€antly improved convergent thinking. There are several
possible explanations. First, our experiment did not include the tea preparation process
that affects emotion (Dohle, Rail, & Siegrist, 2014). Second, unlike previous studies
(Einéther et al., 2015, 2016), we did not purposely recruit tea drinkers as participants.
We were interested in a more generalized effect of tea consumption on convergent
thinking for common people. However, tea was not liked by everyone. Only a few of
our participants had tea dking habits. The four most frequently consumed beverages
reported by participants were water, juice, carbonated beverages, and milk tea, all of
which were sweet drinks except for water. It has tsdenvn that emotion is related to

food and beverage consption, especially to thesensory properties, e.g., sweet taste
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is related to happiness and surprise, while bitter taste is related to anger and disgust
(Rousmans, Robin, Dittmar, & Vernbtaury, 2000). Hence, participants who did not
have teadrinking haits and wereaccustomed to sweet drinks mighkperience
negative emotions caused by a bitter taste and unfamiliar beverage, whidiffseay

any positive emotions elicited by thea.

We attemptedto determinethe psychologicalmechanisma that mediatedthe
performance differencehown by the two groups of participants witlsuch a short
period oftime. Therefore, in Experiment 2, we explored other possible mediating
mechanismdn addition,wewantedto confirm whethethe result regardinthe effects
of tea on convergent thinking taglerformancein Experiment 1 using thRAT to
measure convergent thinking creativity codid replicated through other types of
creative tasks. Hence, in Experiment 2, we used riddle tasks to measure cdnvergen
thinking. With this design, we text whether the influence of tea on different
convergent thinking tasks could be universal.

3. Experiment 2

The research intends to systematically replitia¢eresearch ikxperiment 1 and
determinewhether tea can pnoote performance iather types of convergent thinking
tasks. Therefore, we replaced the RAT with riddle tasks in this experiment.

Additionally, we measured participants' motivation and involvement to control for
the impact of these factors on convergent thinking performance.

3.1 Method
3.1.1 Participants

A total of 60 (19 males) participants were recruited through the Internet and

WeChat. After controllingor the intelligence level of the participants, 59 valid data

points were obtained.The mrticipans were fulttime undergraduate or graduate

15
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students at Peking University, with an average age of 21S82=( 2.47). Each
participant received $6 as a reward for participating in the experiment.
3.1.2 Design

This experiment included two drink conditionscugp of black teatlfie brandwas
Lipton, but the participant was unaware of the brand) and a cup of water, both of which
wereapproximately 260 mland the temperature was’@2 Under both conditions, the
amountdrank(ml) by the participants was recordéelhe participantswere randomly
assigned to one of two conditions.
3.1.3 Procedure

The reception process and precautions Wexeame as in Experiment 1. Then, the
participants entered another designated room and were guided by another experimenter
to complete the experimental task on a compuibe participantscompleted the
emotionalmoodinventory (MI) scale, riddle task 1, motivation and involvement scale
1, riddle task 2, motivation and involvement scale 2, Raven Advanced Progressive
Matrices Test, motivation and involvement scale 2pad inventory (MI) scale, tea
consumption habits and attitude scale, and the final demographic questionnaire
(including Chinese and math scores in the college entrance examinatiergession
lasted 40 minutesitotal.
3.1.4 Measurements

The measurements of demographic variables, knowledge level, and intelligence
level of the participants were consistent with the materials insEgperiment 1. The
remaining materials weras follows:

Chinese riddle tasks: There are two riddle tasks used in this study, taken from Chen
Li's (2008) research. Riddle task 1 consisted of 10 pairs of medium difficulty riddles

(average prototype heuristic rate vaS8). Riddle task 2 consisted of 10 pairs of high

16



1 difficulty riddles @verage prototype heuristic rate wag4). In this experiment, the

2 participants learned the prototype riddles fildte mrticipantswere presented with
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The results of the operation test showed that there were noicagnidlifferences
between the impressions of the experimenters reported by the tea group participants
and the water group participant$edescriptive statistics of the main variables are shown
in Table 2.

3.2.2 Main effect

The participants' scores on the two riddle tasks were surtor@tain a total score,
which represerdd the convergent thinking scofeee Figure2). We found that after
controllingfor the participants' Chinese scores, math scores, intelligence levétsand
drinking habits, the scores of the tea group participants on the riddleasii@.94,
SD = 2.86) were significantly higher than those of the water gréug ©.00,SD =
3.01) [F(1, 58) = 6.27, = 0.015, fj,= 0.106, observed power0.691].

[Insert Figure 2 about here]

The results (see Table 2) showed that there was a significant positive correlation
between the first and second riddle tasks. The Raven sseae significantly
positively related to thecores of the two riddle task&he type of the drinks influenced
the performance of the second pafrthe riddle taskParticipants who drank tea had
higher scores in the second riddle task than those who drank Tvegenath scolseon
the college entrance examinatiwere significantly positively related to the Raven
scoresand the Chinese scaren the college entrance examination.

MANOVA showed that participants in the tea group had significantly higher
scores 1 = 3.41, SD= 1.52) in the second riddle task than those in the water group
[F (1, 58) = 5.29, p = 0.0252%5¥0.091, observed power = 0.61The difference
between the scordgr the tea group participantsi(= 7.53, SD= 2.01) and the water
group participantsM = 6.59, SD= 2.31) on the medium difficulty riddle task was not

significant F(1, 58) = 2.95, p =0.092 2%+ 0.053, observed power = 0.392].
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[InsertTable 2 abouhere]

3.2.3 Moderatig effecs

Furthermore, the influence of participants' level of interest and involvement in the
task was analyzed through ANCOVA. After controlling for factors such as gender, age,
education, milliliterscconsumedRaven test scores, Chinese scores, and math scores, it
was found that there were no significant differenodase paicipants' motivation and
involvement in riddle tasks F[(1, 58) = 0.104, p = 0.748] and 2 (1, 58) = 0.003p
= 0.956] between the two groups.

Similar toExperiment 1, we did not find a main effect of drinks on emotion either
before or after cognitive tasks.

3.3 Discussion

Experiment 2 replicated the results of Experiment 1, suggesting that drinking tea
can significantly contribute to convergent thinking. We observed the same effect of
drinking tea in two different convergent thinking tasks, including the RAT and riddle
task, providing substantial evidence of the consistent positive effect of drinking tea on
convergent thinking, especially convergent thinking in semantics.

The results of the research by Eindther et al. (2015) showed that the respense ti
in the tea group was faster than thatha water group (marginally significant), while
therewereno significantdifferencesn the simple and difficult RABcoresdetween the
two groups. Our research shedvthat the participants' level of knowledgeda
intelligence must be controlled for in convergent thinking taaskd the difficulty level
of convergent thinking tasksiust also be considered. The results of Experiment 2
showed that the performancetime tea group in the high difficulty riddle task was
significantly higher than that ithe water group, whilenithe medium difficulty task,

there was only a marginalkignificart differencebetween the two groups. This may
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havebeendue to aceiling effect, which means that both groups calddvell because
the task waselatively easy, and anjifferencesarenot likely to be significant. This
means that the role of tea drinking waainly reflected in improw performancen
the high difficulty creative tasks. Our research skdwhat partigpants' intelligence
level and task difficulty should be taken imaore considerationin the design of
experiments.
4. General Discussion

The purpose of our study was to test whether tea drinking imghicevergent
thinking and whether emotions medithis effect. Experiments wittwo different
tasks produced similar findings. Experiment 1 showed drinking tea resulted in
betterperformanceon the RAT than drinking water. Experiment 2 repeated the results
of Experiment 1 with different convergerthinking task (solving riddlegndshowed
that those who drank tea performed better than those who drank water on difficult riddle
tasks.Experiment2 alsofound that participants' knowledge level, intelligence level,
and task difficulty had moderatindfects on the impact of tea drinking on convergent
thinking taskperformance

Our study was thérst to demonstrate main effect of tea drinking on convergent
thinking, which is consistent with Eindther et al.'s (2016) hypothesis. Although the
study byEinéther et al. (2016) did not find a significant effect, the direction of their
resultswas consistent with the hypothesis. Our results may haveduseto various
reasons, such as considerationtled moderating effects of intelligence level and
knowledge level anctontrolling for variables such as beverage temperature and
concentration. Our study usenore rigorous experimental methods and procedures to
demonstratdhat tea enhancedonvergent thinking, which could be a summary of

previous research amgiidance for future research.
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In particular there are some interesting and valuable findings in our study. First,
we reveaddthe "split half effect”; that is, tea drinking can significantly help maintain
and improve performance in the second half of cognitive tasks. This means that the
enhancing effects of tea on convergent creative performance lies in its ability to
maintain tenacity and persistence, which implies that drinking tea is beneficial for those
who are engaged in creative work or easy to fatigue

Second, the role of tea drinking was mainly reflected in improved performance in
the high difficulty creative tasks. The performance in the tea group in the high difficulty
riddle task was significantlgetterthan that in the water group, while the medium
difficulty tasks, there was only a marginally significant difference between the two
groups. Our finding explains that anmportant function of tea is to improve
performance in highevel creative task@anli, Omura, Haas, Fallgatter, Constable, &
Lesch, 2005; CanliQiu, Omura, Congdon, Haas, Amin, & Lesch, 200@) require
high cognitive load.

Third, it wasalso found that whether a participant hhd habit of drinking tea
moderatedhe main effect of tea drinking on convergent thinkimlgich wasconsistent
with the hypothesesf Eintther et al. (2015) and Ein6ther et al. (2016). Tugygested
that people who like drinking tea would show improved positive mafids preparing
tea or drinking tearl his result has some implications fa. 'he habit of drinking tea,
if developed on a regular basis, is beneficial in the short term for everyday creative
activities in our daily lives. In the long run, if you are a habitual tea drittkemext
time you need to enhance your creative perfoiceathe beneficial effect of drinking
tea will be much higher than those who don't drink tea regularly.

4.1 Limitations and implications for future research

There are still some limitations in our research. First, we did not measure the
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biological composition of theea. The results of Eindther and Martens (2013) showed
that two biological components, caffeine and theanine, are beneficial to attention, and
attention is an essential part of cognitive function. A cup of B&®D (m) typically
contains 331 mg (averaget8 mg) of caffeine and 4.22.5 mg (averagd 3.5mg) of
theanine. In most previous experiments examining tea's sff@tt cognitive
performancethetea contained more than 50 mg of caffeine or 10 mg theanine (Bryan,
2008).In the present experimemtur participants absorbed relatively small amounts of
tea ingredients (most of our participants drank approximagfyml of tea, which may
contain less than the amouwftcaffeine and theanine consumed in a typstadly.)

Second, there are limitations in our samples. On the one harsdtipde sizes in
our studies were relatively smallhe sample size was determined by referring to the
classicalresearch paradigm in this fieldlvith reference to previous classic studies
(Einétheret al., 2015, 2016; Huang et al., 2018), the sample sizes of the two studies in
this paper were set at 40 and 60. Further study could enlarge the sample size to replicate
the result.On the other hand, knowleddgvel and intelligence level weimportant
control variables in our research, but our participants' knowledge level and intelligence
level were high. Most participants waradergraduate students at Peking Unitgra
leading university in China, and their intelligence level and knowledge level far exceed
the average levelt is worth considering whether our experimental results can be
replicated if our participants hadore diverse levels of intelligence and knowledge.
However, we assume that the effect may be more significant for people with common
levels ofknowledge and intelligence because knowledgeable people may not need to
drink much tea to solve difficult intellectual tasks.

Third, time between tea intaland testing is short. But after tea intake, participants

had to answer some questions about their information, such as the department, major,
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grade, student number, and mobile number while drinking tea, which tookiButes.
Then, the receptionist walillead the participant to room B where the Experimenter
directed the participant to perform the experimentalstaskroom Bthe participant
would complete Ml scale first and then, complete the testing of dependent variable. All
of the activities will cost 120 minutes which is enough for tea to take effEaiother

et al., 2015)

In short, drinking tea can enhangerformane in creative thinking tasks. Future
research should focus on specific mechanisms and clarify which variables moderate the
impact of tea consumption on convergent thinking. There are several important research
directions for the future.

First, the expansion of ecological validity needs to extend laboratory experiments
to actual tea drinking environmeras well as to different cultural environments.

The second is the exploration of mediating mechami$trevious research has
found that people tend to assatel tea drinking with a specific set of personality traits,
such as smart, creative, elegant, confident, and stable (Lara et al., 2011). It may be that
when participants are stimulated by tea, the mental represerméiioiea drinker is
also activated, and they unconsciously think that they should be smarter and more
creative. Another factor worth considering is the level of attention. Previous studies
have shown that caffeine and theanine in tea can improve attention (e.g., Hindmarch et
al., 2000) and p&ormance in attention tasks and attention plays a very important role
in other advanced cognitive processes, especially the creative priacegkédr et al.,

2015; Huang et al., 2018).

The third is to explore at what stageapnéativity tea takes effecthe American

psychologist Runco (2004) suggestieat the creative process includes six basic stages.

We approximated that the effect of tea on creativity is most likely to occur in the
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inspiration stage when creative ideas transferred from the precompcaressing into
consciousawarenessKounios & Beeman, 20Q9This is a time when ideas explode
and require rich attentioresourcegBurton, 1999)In the future, we can explore the
differenial impacs of tea consumption at each stage.

Finally, we can explore the lortgrm and shofterm effects. At present, research
on tea and creativity hasainly focusedn the immediate effegbf tea.Engagement
with these peativity tasls begins after a few minutes of drinking téan@ther et al.,
2015;Huang et al., 2018). At this time, the pharmacological effects of the tea chemicals
have not started to fullwork, which shows that it is the psychological ef$auit tea
thatis active Overlong periods will long-term tea drinking also improve perfornte

in creative activitiesThis notion needs further verification.
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Table 1. Descriptive Statistical Results of The Main Variables (Experiment 1)

Mean SD 1 2 3 4 5 6 7 8 9
1 Gender - -
2  Education 2.43 .50 -.10
3 Age 22.93 2.47 -.13 32
4  Tea/ water 48 51 -.04 -.09 .04
5 Whether to drink tea 1.65 48 -.22 -.09 -.07 -.14
6  Drinking amount(ml) 89.65 53.15 -.26 .16 -01 .00 -.25
7  RAT score 12.48 6.32 34 -11 -.02 -.02 -17 21
8 Raven score 12.53 3.80 -.09 -.20 .16 .16 .29 -.18 .30
9 Chinese score 121.86 8.52 .08 17 .23 .23 -.02 17 27 -.07
10 Math score 133.34 11.05 -.13 -.02 .10 .05 A1 .23 A1 .25 .07

Note N=40. *p<.05.
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Table 2. Descriptive Statistical Results of The Main Variables (Experiment 2)

Mean Var 1 2 3 4 5 6 7 8 9 10
1 Gender - -
2  Education 21.82 2.47 -.05
3 Age 2.33 .51 -.30* 76**
4  Tea/ water A7 .50 -.08 A1 .07
5  Whether to drink tea 1.62 49 -.24 -.16 -.14 19
6  Drinking amount(ml) 76.78 56.80 -.28 .08 .03 .00 .00
7 Riddlel score 7.07 2.19 -.01 -.25 -.21 -.23 -.07 -21
8 Riddle2 score 2.95 1.55 .19 -17 -11 -3 -.20 .03 .32
9 Raven score 12.25 2.90 -.13 -11 -.04 .02 .04 .02 34 27
10 Chinese score 120.03 10.08 .20 =21 -.26 -13 -17 .04 10 32 A7
11 Math score 132.69 14.19 -.19 -31 -.19 -.01 .05 .04 22 17 A4+ 29*
Note N=59. * p<.05. *p < .01.
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Figure 1. Moderatingeffect of drinking labit on RAT sores (Experiment 1)
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Figure 2. Maineffect ofdrinking onthe total scores of the twaddle taskgExperiment

2).
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Appendix: The description of Chinese riddle task
The riddles are based on the fact that Chinese characters are hieroghmhéecsample,

in the prototype riddle, the Chineskaracter’ " mears "can't rememberand "

means'blind”, respectively. As you can see, the top half of these two characters is the

same character " ", which means "lost something". As to the bottom halves;
means "heart" and "" means "eyes'That is, * " means'lost the heart®you cart
remembetwhile“ ” means'lost eyes so you carse€’. So when the riddle is asking,

"you couldn't remember with a heart and coulde’e with eyes, what characieit?"

the answer is the character " (“lost something).
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