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Abstract

Evening-chronotyped university students are commonly found in Hong Kong university campuses
during late night. Despite previous literature studying the impacts of evening chronotype on college and
university students, very few studies have examined the effects of instant one-time caffeinated coffee
consumption on cognitive performance of partially sleep-deprived university students with evening
chronotype. The main objective of this study is to compare the cognitive performance among partially
sleep-deprived university students who have instantly one-time consumed caffeinated coffee and those
who have not, in the areas of short-term memory capacity, information processing speed and arithmetic
accuracy. Data for this research will come from experiment and questionnaire. Of the 36 university
students, they will be arranged into three subject groups: (i) instantly one-time consuming caffeinated
coffee, (ii) instantly one-time consuming decaffeinated coffee, and (iii) no instant coffee consumption,
for conducting this study. For comparison of three cognitive variables of the aforementioned three
subject groups, a three-way between-groups MANOVA will be run. It was found that there were
statistically significance between two cognitive variables and subject groups, i.e. short-term memory
capacity (p = .000) and information processing speed (p = .001), instead of arithmetic accuracy (p
= .646). Cognitive performance, especially in short-term memory capacity and information processing
speed, of partially sleep-deprived university students with evening chronotype is likely enhanced if they
instantly one-time consume caffeinated coffee just 30 minutes before attending cognition-demanding

tasks and learning activities, yielding a more favourable learning outcome.

Keywords: Evening Chronotype, Instant One-time Coffee Consumption, Partial Sleep Deprivation,
Cognitive Performance, Short-term Memory Capacity, Information Processing Speed,

Arithmetic Accuracy
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Introduction

Evening chronotype is endemic among university students in Hong Kong, whose events organized by
university and campus residence are usually scheduled in nighttime (Lau et al., 2013). A vast majority
of university students engage in part-time jobs and complete assignments at the expense of sleep. In
fact, from biological perspective, there is a propensity for late adolescence to delay their circadian
rhythm, shifting their circadian typology to be more evening-typed (Short et al., 2013). Thus, evening-
chronotyped university students with late night bedtimes usually report insufficient sleep or sleep
deprivation (Wernette & Emory, 2017). In the meantime, it is commonly to observe that a lot of Hong
Kong university students drink caffeinated coffee to counteract drowsiness resulted from sleep
deprivation. Compared to other caffeinated beverages or energy drinks, canned coffee is more easily
accessible in vending machines and convenient stores, thus becoming one of the most welcome choices
of “night owl” university students. Instant coffee consumption shows a recuperative effect in improving
various types of cognitive performance (Mahachandra, Munzayanah & Yassierli, 2017), and the

chemical mechanism is found to be related to pharmacological activity of caffeine (Zhou et al., 2018).

Not surprisingly, not many evening-chronotyped university students would take actions to adjust their
late sleep schedules. Short et al. (2013) pointed out that evening-chronotyped adolescents are predicted
to show poorer academic results due to markedly lower cognitive abilities. This is an important finding
which is consistent with previous research. Although a lot of literature studied the adverse impacts of
sleep deprivation on academic performance, very few of them addressed the effects of instant one-time
caffeinated coffee consumption on cognitive performance of partially sleep-deprived students with
evening chronotype. In view of this, this research aims to compare the cognitive performance between
partially sleep-deprived university students who have instantly one-time consumed caffeinated coffee
and those who have not, with particular focus in three main cognitive areas, namely short-term memory
capacity, information processing speed and arithmetic accuracy. Short-term memory and arithmetic

accuracy are two specific cognitive abilities which predict academic performance of students
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(Bangirana et al., 2013), and information processing speed is of essential importance to sleep-deprived
students who are often required to process academic input (Cohen-Zion et al., 2016). Therefore, it is
theoretically important to examine the effects of one-time caffeinated coffee consumption on cognitive
performance of partially sleep-deprived students in hope of suggesting another drinking routines for

these evening-chronotyped students as a way of boosting their academic performance.

Literature Review

Evening Chronotype

Chronotype is an individual preference for sleep timing and timing of other activities as stable traits
(Lucassen et al., 2013). Morningness and eveningness are two main extents to measure an individual
preference for one’s sleep timing and behaviors (Lucassen et al., 2013). Considering an individual with
eveningness, Hasler et al. (2013) explained that individuals with evening chronotype present with an
altered sleep pattern and circadian rhythm which are characterized by delayed bedtime, shorter total
sleep duration on weekdays, marked fatigue when awake and observable swings between sleep-wake
timing on work and free days. Some scholars in the field of sleeping developed a standardized test to
distinguish one’s circadian typology. To determine morningness or eveningness of an individual, Horne
and Ostberg developed a quantitative Self-assessment Morningness-eveningness questionnaire to

classify one’s chronotype of based on a total score reported by the individual (Horne & Ostberg, 1976).

In this research, evening chronotype is defined as one’s chronotype characterized by having delayed
sleep onset, shorter total sleep duration on weekdays, presenting with marked fatigue when awake, and
observable swings between sleep-wake timing on work and free days. Eveningness leads to delayed
sleep onset and shorter total sleep duration on weekday (Hasler et al., 2013), and eventually evolves
into partial sleep deprivation (Gilbert & Weaver, 2010). Adolescents with evening chronotype, who

experience marked fatigue and sleepiness due to partial sleep deprivation during school times, predicts
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poor academic performance resulted from decreased cognitive functions that are essential to academic
performance (Short et al., 2013). Even though a number of literatures pointed out the adverse impacts
of evening chronotype on academic performance, the effects of instant one-time caffeinated coffee
consumption on average cognitive performance of these partially sleep-deprived populations with

evening chronotype is still unknown.

Partial Sleep Deprivation

According to Pilcher and Huffcutt (1996), there are three main types of sleep deprivation. Individuals
may have different kinds of sleep deprivation based on the total consecutive length of sleep deprivation,
which can be classified into long-term sleep deprivation (> 45 hours), short-term sleep deprivation (<
45 hours), and partial sleep deprivation (< 5 hours within 24 hours) (Pilcher & Huffcutt, 1996). In
addition, some literature reveals the definition of partial sleep deprivation, defining it as sleep restriction
less than 7 hours within 24 hours (< 7 hours within 24 hours) (Durmer & Dinges, 2005). To come up
with a more appropriate definition, partial sleep deprivation is thus defined as total sleep duration

restricted to less than 5-7 hours within 24 hours in this study.

Partial sleep deprivation is more common in normal population. Despite partial sleep deprivation giving
a more accurate depiction of real-life situations, only a handful of literature evaluated the effects of
partial sleep deprivation on cognitive performance (Alhola & Polo-Kantola, 2014). Mahachandra,
Munzayanah and Yassierli (2017) pointed out that elevated levels of fatigue and sleepiness owing to
sleep deprivation poses negative effects on cognitive performance. Decline in neurocognitive
performance is mediated through decreased alertness and attention, slowing of cognitive processing,
and wake-state instability (Alhola & Polo-Kantola, 2014), resulting in cognitive lapses characterized
by very short periods of sleep-like electroencephalography activity (Priest et al., 2001). It is expected

that an evening-chronotyped university student shows a significant decline in cognition after partial
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sleep-deprivation in a certain weekday. The effects of partial sleep deprivation on cognitive domains

that are important to academic performance become a research focus in this study.

One-time Caffeinated Coffee Consumption

Chaudhary et al. (2016) stated that use of caffeine has been associated with improving cognitive
performance resulted from sleep deprivation. Current caffeine consumption literature pointed out three
main caffeine intake method including one-time intake, intermittent intake and habitual intake
(Mahachandra, Munzayanah & Yassierli, 2017). Mahachandra, Munzayanah and Yassierli (2017)
studied the efficacy of coffee intake as a countermeasure to sleepiness on partially sleep-deprived
drivers. They found that coffee intake gives a marked improvement in cognitive function of partially
sleep-deprived drivers, regardless of one-time or intermittent intake (Mahachandra, Munzayanah &
Yassierli, 2017). The reaction time and attention spans of partially sleep-deprived drivers having
caffeinated coffee consumption are found to be shortened and prolonged respectively when compared
to partially sleep-deprived drivers without coffee consumption. and attention spans Even though coffee
is proven to increase cognitive abilities, different intake methods will result in mild different cognitive
outcomes (Mahachandra, Munzayanah & Yassierli, 2017). Even though Mahachandra, Munzayanah
and Yassierli discovered a marked improvement in reaction time and attention spans of partially sleep-
deprived individuals, they have not found and explained the effects of one-time caffeinated coffee
consumption in cognitive domains essential to academic performance. To enable optimal experimental
accuracy, one-time intake is selected in this study to eliminate other possible inferences and functional

variables.

On the other hand, the volume of coffee and dose of caffeine intake are also concerned in this study. In
fact, the concept of “one cup of coffee” remains debatable across literature. The definition of “one cup
of coffee” is arguable as the caffeine content and its pharmacokinetics are variable due to different

preparation methods (Bangalore, Parkar & Messerli, 2007; Nikic et al., 2014). Some literature revealed
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“one cup of coffee” as one cup of 8-0z, i.e. 250 mL, of coffee with caffeine content ranging from 30 to
100 mg (Bangalore, Parkar & Messerli, 2007). To easily control the amount of caffeine consumed by
subject groups, standardized can of 250 mL Nescafe containing 60 to 80 mg of caffeine (Nestle, n.d.)
is used in this experimental design as the liquid volume and dose of caffeine are more consistent with

the definition in current literature.

Cognitive Performance

Markedly lower cognitive abilities due to partial sleep deprivation often result in human errors, leading
to poorer academic performance (Short et al., 2013). Literature pointed out that several cognitive
domains are essential to academic performance. Working memory, visual and spatial abilities, attention,
arithmetic and reasoning are examples of cognitive measures of students in academic performance
(Bangirana et al., 2013). More importantly, short-term memory and arithmetic accuracy are two specific
cognitive abilities that are susceptible to sleep loss effects and predict academic performance of students
(Bangirana et al., 2013), and information processing speed is particularly vulnerable to sleep-deprived
students who are often required to process academic input (Cohen-Zion et al., 2016). As a result, short-
term memory capacity, information processing speed and arithmetic accuracy are three key cognitive

domains to academic performance to be studied.
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Theoretical Framework

Below is a theoretical framework illustrating the general relationship among different operational
variables in this study.

Evening Chronotype

Partial Sleep Deprivation

(a) (b)

With Instant One-time Without Instant One-time
Caffeinated Coffee Caffeinated Coffee
Consumption Consumption

(a)
Improved short-term memory (b)

capacity, information processing
speed & arithmetic accuracy

(a)

Cognitive
Performance

Note: 1. (a) refers to partially sleep-deprived students with evening chronotype having instant one-time caffeinated coffee
consumption.
2. (b) refers to partially sleep-deprived students with evening chronotype NOT having instant one-time caffeinated coffee
consumption.
3. Highlights in yellow colour indicate operational variables.

Figure 1. A theoretical framework illustrating the relationships among evening chronotype, partial sleep
deprivation, instant one-time caffeinated coffee consumption and cognitive performance.
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Research Questions

Previous literature has examined gender differences in chronobiology thoroughly. Male university
students are significantly different from female university students in morningness-eveningness
preference, presenting male having a more pronounced preference to evening-chronotype due to time
of greatest efficiency, sleep phase and sleep inertia (Adan & Natale, 2002). However, the gender
differences in improvement of cognitive performance associated with partial sleep deprivation by one-
time caffeinated coffee consumption remains unknown. The present research examining the effects of
instant one-time caffeinated coffee consumption on average cognitive performance of partially sleep-

deprived students with evening chronotype would probe into three questions of interest:

Q1) Is short-term memory capacity of partially sleep-deprived students with evening chronotype

better after instant one-time caffeinated coffee consumption?

Q2) Does information processing speed of partially sleep-deprived students with evening chronotype

become faster after instant one-time caffeinated coffee consumption?

Q3) Does calculation of partially sleep-deprived students with evening chronotype become more

accurate after instant one-time caffeinated coffee consumption?
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Hypotheses

Based on the above three research questions, three hypotheses are derived as belows:

Hypothesis 1: Instant one-time caffeinated coffee consumption enables greater short-term memory

capacity of partially sleep-deprived students with evening chronotype.

Hypothesis 2: Instant one-time caffeinated coffee consumption enables faster information
processing speed of partially sleep-deprived students with evening chronotype.

Hypothesis 3: Instant one-time caffeinated coffee consumption enables more accurate
calculation of partially sleep-deprived students with evening chronotype.
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Research Methodology

Nature of Participants

In this research study, convenience sampling was employed. A relevant research conducted by
Mahachandra, Munzayanah, and Yassierli (2017) determined 8 participants in their within-subject
experimental design. Therefore, 12 participants recruited for each subject group can ensure robustness
of data. A total of 36 participants (18 males and 18 females) were involved in this research. Participants
were divided into three subgroups (refer to the Table 1 below): (1) instantly one-time caffeinated coffee
consumption (6 males & 6 females), (2) instantly one-time decaffeinated coffee consumption (6 males
& 6 females), and (3) no instant one-time coffee consumption (6 males & 6 females). All the participants
met the following criteria: (1) having an evening chronotype and (2) were partially sleep-deprived (sleep
duration restricted to less than 5-7 hours within 24 hours). To check their eligibility, they were asked to
complete 19 standardized questions in Horne and Ostberg's Self-assessment Morningness-eveningness
Questionnaire in the beginning (Horne & Ostberg, 1976). The remaining information were collected
only if they met all the requirements after quick calculation. For evening-chronotyped met the above

criteria, the sleep duration is self-reported by them and is recorded by student investigator.

Group Types Nature of Participants
Group 1
Instant one-time caffeinated coffee consumption 8 Males and 8 Females

Group 2 (Control Group)

Instant one-time decaffeinated coffee consumption 8 Males and 8 Females
Group 3
No instant one-time coffee consumption 8 Males and 8 Females

Table 1. Three subject groups in experiment.
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Instruments

Horne & Ostberg Self-assessment Morningness-eveningness Questionnaire

Horne & Ostberg Self-assessment Morningness-eveningness Questionnaire (MEQ) was developed by
Horne and Ostberg as a standardized scale to determine circadian chronotype of an individual (Horne
& Ostberg, 1976). MEQ involves a section of 19 standardized questions related to individual sleep
preferences and habits. Based on individual sleep preferences and habits reported by the individual in
the questionnaire, he/she was classified into one of the five main chronotypes (See Table 2 below). In
Adan & Natale (2002)’s research regarding the gender differences in morningness-eveningness
preference, they employed Horne and Ostberg Self-assessment MEQ to investigate the gender
differences in morningness-eveningness preference among largest university student population (N =
2135). According to Adan & Natale (2002), men are found to present a more pronounced evening
chronotype, showing a significant difference in mean scores (p < 0.0001) and distribution per circadian
typology (p < 0.00001) using Horne and Ostberg Self-assessment MEQ. In the meantime, Adan &
Natale mentioned in their research that the full scale alpha Cronbach coefficient of the MEQ for their
present sample is 0.83 (Adan & Natale, 2002). In general, reliability of the questionnaire is usually
measured by Cronbach’s alpha correlation coefficient, with its values ranging from 0.7 to 0.9 being
considered to be very reliable (Bravo & Potvin, 1991). Therefore, Horne & Ostberg Self-assessment
MEQ is a reliable instrument which gives out a valid research output. Table 2 shows suggested five

main chronotypes in chronobiology by Horne and Ostberg.

16-30 31-41 42-58 59-69 70-86
Definite Evening Moderate Evening Intermediate Moderate Morning Definite Morning

Table 2. Five main chronotypes in chronobiology.

To check reliability of Horne & Ostberg Self-assessment Morningness-eveningness Questionnaire

(MEQ), the reliability analysis was conducted as belows:
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Reliability Analysis (Horne & Ostberg Self-assessment Morningness-eveningness
Questionnaire)

Case Processing Summary

N %
Cases Valid 36 100.0
Excluded? 0 .0
Total 36 100.0

Table 3. Case Processing Summary

a. Listwise deletion based on all variables in the

procedure.
Reliability Statistics
Cronbach's
Alpha Based on
Cronbach's Standardized
Alpha Iltems N of Items

.808 .812 19
Table 4. Reliability Statistics

Item Statistics

Mean Std. Deviation N
MEQ Q1 1.06 .984 36
MEQ Q2 .83 1.082 36
MEQ Q3 1.19 401 36
MEQ Q4 1.86 .990 36
MEQ Q5 1.67 .632 36
MEQ Q6 1.61 .728 36
MEQ Q7 1.56 .652 36
MEQ Q8 1.22 422 36
MEQ Q9 1.58 .500 36
MEQ Q10 1.50 .697 36
MEQ Q11 1.72 .566 36
MEQ Q12 1.31 467 36
MEQ Q13 1.36 .683 36
MEQ Q14 1.08 .280 36
MEQ Q15 1.67 632 36
MEQ Q16 1.72 741 36
MEQ Q17 1.47 .560 36
MEQ Q18 1.06 .333 36
MEQ Q19 1.00 1.014 36

Table 5. Item Statistics



Inter-ltem Covariance Matrix

MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ  MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19
MEQ Q1 968 181  .046  .179 219 194 .083 073 .052 171 -.013 .040 179 .081 190 016 116 .054 171
MEQ Q2 181 1171 205  .405 171 362 210 .038 100 286  -.076 224 233 -071 171 067 .081 010 286
MEQ Q3 046 205 161  .228 .038 135 .060 041 .055 100 -.030 139 071 012 .010 -.002 .048 -011 .086
MEQ Q4 179 405 228  .980 181 259 165 146 169 243 046 215 166 .040 152 103 296 .008 371
MEQ Q5 219 171 .038  .181 400 067 .076 .048 .029 143 .076 133 067 .029 200 162 .048 019 114
MEQ Q6 194 362 135  .259 .067 530 137 117 062 .086 .089 122 .087 .033 .095 .060 132 .079 343
MEQ Q7 083 210 .060  .165 .076 137 425  -013 .095 171 044 111 194 -.019 076 216 073 025 .000
MEQ Q8 073 038 .041 .146 .048 117 -.013 178 .038 .029 .006 044 032 .038 -.038 -.022 .006 -.013 114
MEQ Q9 052 .100 .055  .169 .029 .062 .095 .038 250 071 .052 017 .040 .007 .000 110 .060 -.033 143
MEQQ10  .171  .286 .100  .243 143 .086 171 .029 071 486  -.057 129 100 -014 171 .086 129 .029 114
MEQ Q11  -013 -076 -030 .046 .076 .089 044 .006 052  -.057 321 .002 -.068 024 076 .035 106 073 .057
MEQQ12  .040 224 139 215 133 122 111 044 017 129 .002 218 .087 .002 .048 .002 023 -.017 .029
MEQ Q13  .179 233 071  .166 .067 .087 194 .032 .040 100  -.068 .087 466 -.031 .067 -.040 .053 .037 -.029
MEQ Q14  .081 -071 .012  .040 .029 033  -.019 .038 007  -.014 024 .002 -.031 .079 .029 -.033 017 -.005 .029
MEQQ15  .190 .171  .010 .152 200 .095 076  -.038 .000 171 .076 048 067 .029 400 019 133 076 114
MEQQ16  .016 .067 -002  .103 162 .060 216 -.022 110 .086 035 .002 -.040 -.033 019 549 .049 016 171
MEQ Q17  .116 .081 .048  .296 .048 132 073 .006 .060 129 .106 023 .053 017 133 .049 313 .087 200
MEQQ18  .054 .010 -011  .008 .019 .079 025  -013  -.033 .029 .073 -.017 .037 -.005 076 016 .087 111 .057
MEQQ19  .171 .286 .086  .371 114 343 .000 114 143 114 .057 .029 -.029 .029 114 171 200 057  1.029

Table 6. Inter-ltem Covariance Matrix
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Inter-ltem Correlation Matrix

MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ MEQ  MEQ
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19
MEQ Q1 1.000 170 117 184 352 270 129 176 106 250  -.023 .086 267 293 306 022 210 165 172
MEQ Q2 170 1.000 A71 378 250  .459 297 .083 185 379 -124 443 316 -.235 250 .083 134 .026 260
MEQ Q3 117 471 1.000 573 150  .462 230 244 273 357 -.133 741 258 106 038 -.005 215  -.083 211
MEQ Q4 184 378 573 1.000 .289  .359 256 350 342 352 .082 465 245 146 243 141 534 024 370
MEQ Q5 352 250 150 289 1.000  .145 185 179 .090 324 213 451 154 161 500 345 134 .090 178
MEQ Q6 270 459 462 359  .145  1.000 287 383 170 169 216 359 176 163 207 112 323 327 464
MEQ Q7 129 297 230 256 185 287  1.000  -.046 292 377 120 365 435  -104 185 447 200 117 .000
MEQ Q8 176 .083 244 350 179 383  -.046  1.000 181 .097 027 226 110 322 -143  -071 027 -.090 267
MEQ Q9 .106 185 273 342 090  .170 292 181  1.000 205 185 071 119 .051 .000 296 213 -.200 282
MEQ Q10 250 379 357 352 324 .169 377 .097 205 1.000  -.145 395 210  -.073 389 166 329 123 162
MEQ Q11 023  -124  -133 082 213 216 120 027 185  -145  1.000 006 -.177 150 213 .083 335 387 .100
MEQ Q12 .086 443 741 465 451 359 365 226 071 395 006 1.000 271 018 161 .005 088 -.112 .060
MEQ Q13 267 316 258 245 154 176 435 110 119 210 -177 271 1.000  -.162 154 -.078 139 160  -.041
MEQ Q14 293 -235 106 146 161  .163  -.104 322 051  -.073 150 018  -162  1.000 161 -.160 106 -.051 101
MEQ Q15 306 250 .038 243 500  .207 185  -.143 .000 389 213 161 154 161 1.000 041 377 361 178
MEQ Q16 022 083  -.005 141 345 112 447 -071 296 166 .083 005  -078  -.160 041 1.000 119 064 228
MEQ Q17 210 134 215 534 134 323 200 027 213 329 335 .088 139 106 377 119 1.000 468 352
MEQ Q18 165 026  -.083 024 090  .327 117 -090  -.200 123 387 -112 160  -.051 361 064 468 1.000 169
MEQ Q19 172 260 211 370 178  .464 .000 267 282 162 .100 060  -.041 101 178 228 352 169 1.000

Table 7. Inter-ltem Correlation Matrix
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Summary ltem Statistics

Maximum /
Mean Minimum Maximum Range Minimum Variance N of Items
Item Means 1.393 .833 1.861 1.028 2.233 .088 19
Table 8. Summary Item Statistics
Item-Total Statistics

Scale Mean if Scale Variance if Corrected Item- Squared Multiple  Cronbach's Alpha

Item Deleted Item Deleted Total Correlation Correlation if Item Deleted
MEQ Q1 25.42 33.564 .357 .804
MEQ Q2 25.64 31.666 473 .796
MEQ Q3 25.28 35.978 511 .798
MEQ Q4 24.61 30.873 .613 .783
MEQ Q5 24.81 34,561 489 794
MEQ Q6 24.86 33.152 .586 787
MEQ Q7 24.92 34.764 443 797
MEQ Q8 25.25 37.050 .267 .806
MEQ Q9 24.89 36.216 .354 .802
MEQ Q10 24.97 34.142 .488 794
MEQ Q11 24.75 37.393 .128 .812
MEQ Q12 25.17 35.686 .483 797
MEQ Q13 25.11 35.644 .305 .804
MEQ Q14 25.39 38.187 .096 .810
MEQ Q15 24.81 35.018 425 .798
MEQ Q16 24.75 36.021 .228 .809
MEQ Q17 25.00 34.971 .500 .795
MEQ Q18 25.42 37.507 .240 .807
MEQ Q19 25.47 32.828 408 .801

Table 9. ltem-Total Statistics

Scale Statistics

Mean Variance Std. Deviation N of ltems

26.47 38.599 6.213 19

Table 10. Scale Statistics
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As previously mentioned, the full scale alpha Cronbach coefficient of the MEQ for their present sample is
0.83 (Adan & Natale, 2002). In our research, the Cronbach alpha coefficient was .81. In brief, Horne &
Ostberg Self-assessment Morningness-eveningness Questionnaire is a reliable scale to determine the
chronobiology of the participants. In the next section, the assumption checking for MANOV A analysis will

be conducted.

Assumption Checking
Before proceeding to the MANOVA analysis, assumption testing has to be completed, including sample
size, normality, univariate and multivariate outliers, multivariate normality, linearity, multicollinearity and

singularity, and homogeneity of variance-covariance matrices.

Descriptive Statistics

Std.
N Range Minimum Maximum Mean Deviation
Result (Digit Span Test) 36 6 7 13 9.36 1.533
Result (Polygon Test) 36 91 6 97 44.36 19.236
Result (No. of Errors in Mental 36 6 0 6 2.00 1.957

Arithmetic Subtraction Test)

valid N (listwise) 36

Table 11. Descriptive Statistics (Assumption Checking of Sample Size)

In this present research, there are a total of twelve cells involved (sex of participants and three subject
groups as four independent variables, and three dependent variables for each). There were 36 participants
in total, i.e. sample size N = 36, which can ensure “robustness” of data set (Julie, 2003). Thus, there are no
serious violation of assumption checking in sample size and normality. Then, univariate and multivariate

outliers, and multivariate normality are checked below:
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Descriptive Statistics

N Minimum Maximum
Zscore: Result (Digit Span Test) 36 -1.53970 2.37295
Zscore: Result (Polygon Test) 36 -1.99428 2.73653
Zscore: Result (No. of Errors in Mental 36 -1.02214 2.04429
Arithmetic Subtraction Test)
Valid N (listwise) 36

Table 12. Descriptive Statistics (Assumption Checking of Multivariate Outliers)

Regression

Variables Entered/Removed?
Model Variables Entered Variables Removed Method
1 Result (No. of Errors in . Enter

Mental Arithmetic
Subtraction Test), Result
(Digit Span Test), Result
(Polygon Test)°

a. Dependent Variable: Caffeinated Coffee Consumption = 1,
Decaffeinated Coffee Consumption = 2,
No Coffee Consumption =3

b. All requested variables entered.

Table 13. Regression Table (Assumption Checking of Multivariate Outliers)

Model Summary®

Std. Error of the
Model R R Square Adjusted R Square Estimate
1 7212 .520 475 .600

a. Predictors: (Constant), Result (No. of Errors in Mental Arithmetic Subtraction Test),

Result (Digit Span Test), Result (Polygon Test)
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b. Dependent Variable:
Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,

No Coffee Consumption = 3

Table 14. Model Summary of Regression Table (Assumption Checking of Multivariate Outliers)

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 12.480 3 4.160 11.556 .000°
Residual 11.520 32 .360
Total 24.000 35

a. Dependent Variable: Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,
No Coffee Consumption = 3

b. Predictors: (Constant), Result (No. of Errors in Mental Arithmetic Subtraction Test), Result (Digit Span
Test), Result (Polygon Test)

Table 15. ANOVA Table (Assumption Checking of Multivariate Outliers)

Coefficients?
Standardized

Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 5.545 .654 8.478 .000
Result (Digit Span Test) -.341 .081 -.632 -4.200 .000
Result (Polygon Test) -.005 .006 -.112 -.745 462
Result (No. of Errors in -.067 .052 -.159 -1.301 .203

Mental Arithmetic

Subtraction Test)

a. Dependent Variable: Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,

No Coffee Consumption =3

Table 16. Coefficients Table (Assumption Checking of Multivariate Outliers)
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Residuals Statistics?

Minimum Maximum Mean Std. Deviation N

Predicted Value .58 3.02 2.00 .597 36
Std. Predicted Value -2.384 1.708 .000 1.000 36
Standard Error of Predicted 126 319 .193 .055 36
Value

Adjusted Predicted Value 43 3.02 1.99 .606 36
Residual -.798 1.496 .000 574 36
Std. Residual -1.330 2.493 .000 .956 36
Stud. Residual -1.360 2.682 .007 1.018 36
Deleted Residual -.835 1.731 .010 .652 36
Stud. Deleted Residual -1.379 2.999 .024 1.057 36
Mahal. Distance 578 8.911 2.917 2.351 36
Cook's Distance .000 .302 .035 .067 36
Centered Leverage Value .017 .255 .083 .067 36

a. Dependent Variable: Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,

No Coffee Consumption = 3

Table 17. Residuals Statistics (Assumption Checking of Multivariate Outliers)

Number of dependent variables Critical Value
2 13.82
16.27
18.47
20.52
22.46
24.32

N oo~ Ww

Cited in Pearson, E.S. and Hartley, HO. (Eds) (1958). Biometrika tables for statisticians (vol. 1, 2nd edn).
New York: Cambridge University Press.

Table 18. Number of Dependent Variables & Critical Value (Assumption Checking of Multivariate
Outliers)

By assumption checking, Residuals Statistics is obtained, with Mahalanobis Distance shown on third last

row on the above table, i.e. 8.911. As the Mahalanobis Distance (8.911) is smaller than the critical value
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(16.27), there are no substantial multivariate outliers in the present research. In the next step, linearity will

be checked.
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Figure 2. Linearity Plot (Assumption Checking of Linearity)

These plot output above does not show any obvious evidence of non-linearity, with the assumption of

linearity satisfied in our research.
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Correlations
Correlations

Result

Result Result (No. of Errors in

(Digit Span (Polygon  Mental Arithmetic

Test) Test) Subtraction Test)
Result (Digit Span Test) Pearson Correlation 1 .581" .000
Sig. (2-tailed) .000 1.000
N 36 36 36
Result (Polygon Test) Pearson Correlation 581" 1 -.005
Sig. (2-tailed) .000 .975
N 36 36 36
Result (No. of Errors in Mental Pearson Correlation .000 -.005 1

Arithmetic Subtraction Test) Sig. (2-tailed) 1.000 975

N 36 36 36

**_Correlation is significant at the 0.01 level (2-tailed).

Table 19. Correlation Table (Assumption Checking of Multicollinearity and Singularity)

Julie (2003) pointed out that MANOVA analysis works best when the dependent variables are moderately
correlated. The pearson correlation coefficient is .581 between digit span test result and polygon test results,
these two variables are suitable for MANOVA analysis. However, the number of errors in mental arithmetic
subtraction test is correlated to digit span test result (pearson coefficient = .000) and is negatively correlated
to polygon test result (pearson coefficient = -.005). Therefore, this variable is not quite suitable for
MANOVA analysis (this variable also does not reach statistical significance in MANOVA analysis, which

will be presented in the “Results” section.)

Coffee

Canned caffeinated Nescafe, with a total volume of 250 mL and containing 60 to 80 mg of caffeine, will be
used in this study. 250 mL Canned Nescafe is the easiest to purchase from vending machines and convenient
stores compared to other brands of coffee. For the preparation of decaffeinated coffee, Nestle coffee beans

(97% Decaffeinated) will be prepared for subject group 2. To avoid possible placebo effect, a glassed cup



COFFEE CONSUMPTION, COGNITION AND SLEEP DEPRIVATION 29

with 250 mL volume will be used to serve participants so as to conceal the actual kind of coffee to be

consumed.

Rationale of Experimental Design & Possible Placebo Effect

Interindividual variability of caffeine absorption and its effect to human body is often shown in experiment
(Nehlig, 2018). Blanchard and Sawers (1983) discovered that there is a large variation in caffeine half-life
in humans, ranging from 2.3 to 9.9 hours (cited in Nehlig, 2018). Blanchard and Sawers (1983) also pointed
out that 99% of caffeine ingested in gastrointestinal tract is absorbed within 45 minutes, with peak plasma
caffeine concentration reached at 30th minute (Nehlig, 2018). Therefore, participants who took part in the
experiment had been reminded not to drink any caffeine-containing beverages 10 hours before the
experiment so as to avoid remaining caffeine effects by previous consumption. For participants in subject
group 1 and 2 (16 males and 16 females in total), they were asked to start cognitive tests 30 minutes after

instant one-time coffee consumption in order to ensure maximum caffeine amount was in effect.

To further note here, participants with instant one-time coffee consumption in the experiment were not told
the actual type of coffee they had consumed. This experimental design is to minimize possible placebo
effect that may interfere the actual cognitive performance of the participants in the experiment. In addition,
urgeness to urinate is another possible masking factor that has a considerable influence on participants’
willingness to continue cognitive tasks. According to Mahachandra, Munzayanah & Yassierli (2017),
caffeine in liquid state can catalyze its function as a diuretic which could cause the participants to need to
urinate during the data collection process. Participants who had instant coffee consumption in the

experiment were therefore advised to go to toilet before attending cognitive tasks.
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Cognitive Tasks

To compare the cognitive performance among three subject groups, three cognitive tasks will be introduced.
Cambridge Brain Science online cognitive tasks are employed to assess partcipants in the areas of short-
term memory capacity and information processing speed (Cambridge Brain Sciences, 2020). The details of

these two cognitive tasks are as below:

Cognitive Task 1: Digit Span Test (for short-term memory capacity assessment)

Step 1: A sequence of numbers appears on the screen one at a time.
Step 2: At the sound of the beep, participant need to click the numbers in the same order.

Step 3: The number of digits increases with correct answers. His/Her performance is indicated by the
average number of digits correctly remembered.

Cognitive Task 2: Polygon Test (for information processing speed assessment)

Step 1: Two panels appear on screen. One contains two overlapping shapes and another contains just
one shape.

Step 2: Participant must determine if the single shape is identical to one of the overlapping shapes, or
if it is subtly different than both shapes. The difficulty level increases with every correct
answer.

On the other hand, a mental arithmetic subtraction test is used to test arithmetic accuracy of the participants.
This cognitive task aims to assess the maximum level of mental subtraction and to record the number of

inaccuracy reported by the participants. This task will last for 5 minutes.
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Cognitive Task 3: Mental Arithmetic Subtraction Test (for arithmetic accuracy assessment)

Step 1: Participant will be asked to subtract 1000 by 7 and obtain a result.

Step 2: Participant will subtract the first result by 7, and so on. If the participant fails to get the correct
remainder during the test, he/she will be asked to re-attempt the subtraction from 1000 again.

Data Collecting Procedure

In the beginning, participants were asked to complete section one and two of the questionnaires. If the
participant was identified as evening-chronotyped, he/she was invited to complete the remaining sections.
The sensitivity and confidentiality of academic results may create ethical consideration. Therefore, an
ethical research approval was shown and consent of participants were obtained in advance. Participants
then completed the survey individually and were notified their sensitive data will be kept strictly
confidential before and after the survey. Before the day of experiment, participants had received
instructions to participants (both Chinese and English version) via email or WhatsApp (refer to Appendix

F & Appendix G).

Results

Statistical Package for Social Sciences (SPSS) was used for statistical analysis in this research. Descriptive
statistics were reported to show the main information, including (1) nature of participants, i.e. sex of
participants and age, (2) total score obtained by participants in Morningness-eveningness Questionnaire
(MEQ), (3) data group, i.e. caffeinated coffee consumption (Group 1), decaffeinated coffee consumption
(Group 2) and no coffee consumption (Group 3), (4) sleep duration of participants before the day of
experiment, (5) result in digit span test, (6) result in polygon test, and (7) result in number of errors recorded
in mental arithmetic subtraction test. To compare the average performance in three cognitive tasks among

partially sleep-deprived university students who have instantly one-time consumed caffeinated coffee, those
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who have instantly one-time consumed decaffeinated coffee, and those who have not instantly one-time

consumed caffeinated coffee, a three-way between-groups multivariate analysis of variance (MANOVA)

was run.
Descriptive Statistics
Std.
N Range Minimum  Maximum Mean Deviation

Sex of Participants 36 1 1 2 1.50 .507
(Male = 1, Female = 2)

Age 36 7 18 25 21.92 2.407
Total Score obtained in MEQ# 36 21.00 17.00 38.00 26.5556 6.13395
Caffeinated Coffee Consumption =1, 36 2 1 3 2.00 .828
Decaffeinated Coffee Consumption = 2,

No Coffee Consumption = 3

Sleep Duration (Hours) 36 3.75 3.00 6.75 5.3056 1.06923
Result (Digit Span Test) 36 6 7 13 9.36 1.533
Result (Polygon Test) 36 91 6 97 44.36 19.236
Result (No. of Errors in Mental 36 6 0 6 2.00 1.957
Arithmetic Subtraction Test)

Valid N (listwise) 36

Note: # Since only participants with evening chronotype were invited for experiments, i.e. Definite Evening (16-30) and
Moderate Evening (31-41), the range of total score in Morningness-eveningness Questionnaire of participants is
between 16 and 41.

Table 20. Descriptive Statistics

Descriptive Statistics

A total of 36 participants were involved in this research (N = 36; Male = 18, Female = 18). The youngest
participant is aged 18, while the oldest participant is aged 25 (Range =7, M = 21.92, SD = 2.407). Among
36 participants, the minimum score of MEQ obtained by the subject was 17, while the maximum score of
MEQ obtained was 38 (Range = 21, M = 26.56, SD = 6.13). The total sleep duration was reported by the
participants, with the minimum of 3 hours and maximum of 6.75 hours (Range = 3.75, M = 5.31, SD =
1.07). With regard to the performance of 36 participants in cognitive tests, the minimum score and

maximum score in digit span test were 7 and 13 respectively (Range = 6, M = 9.36, SD = 1.53). Also, in
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polygon test, the minimum score and maximum score reported by the participants were 6 and 97 (Range =
91, M = 44.36, SD = 19.24). The minimum number of errors recorded in mental arithmetic subtraction test

was 0, while the maximum number of errors was 6 (Range = 6, M = 2.00, SD = 1.96).
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MANOVA
Between-Subjects Factors
N
Sex of Participants 1 18
(Male = 1, Female = 2) 2 18
Caffeinated Coffee Consumption = 1, 1 12
Decaffeinated Coffee Consumption = 2, 2 12
No Coffee Consumption = 3 2 12
Table 21a. Descriptive Statistics (MANOVA - Between-Subjects Factors)
Caffeinated Coffee
Consumption =1,
Sex of Participants Decaffeinated Coffee
(Male =1, Consumption = 2, Std.
Female = 2) No Coffee Consumption = 3 Mean Deviation
Result (Digit Span Test) 1 1 11.17 .983 6
2 9.00 .632 6
8 8.67 1.211 6
Total 9.61 1.461 18
2 1 11.00 .632 6
2 8.00 .632 6
8 8.33 1.211 6
Total 9.11 1.605 18
Total 1 11.08 .793 12
2 8.50 .798 12
8 8.50 1.168 12
Total 9.36 1.533 36
Result (Polygon Test) 1 1 66.83 16.774 6
2 34.33 4.803 6
8 39.33 24.590 6
Total 46.83 21.990 18
2 1 54.50 15.796 6
2 33.67 5.428 6
8 37.50 18.108 6
Total 41.89 16.287 18
Total 1 60.67 16.816 12
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Result (No. of Errors in 1
Mental Arithmetic

Subtraction Test)

Total

Total

34.00
38.42
44.36
2.00
1.00
1.67
1.56
2.83
2.83
1.67
2.44
2.42
1.92
1.67
2.00

35

4.899
20.611
19.236

1.897

1.549

1.366

1.580

1.835

2.317

2.658

2.229

1.832

2.109

2.015

1.957

12
12
36

18
12
12
12
36

Table 21b. Descriptive Statistics (MANOVA - Between-Subjects Factors)

Box's Test of
Equality of
Covariance Matrices?

Box's M 49.993
F 1.221
dfl 30
df2 2033.938
Sig. 191

Tests the null hypothesis
that the observed
covariance matrices of the
dependent variables are
equal across groups.

a. Design: Intercept + Sex +
DataGroup + Sex *

DataGroup

Table 22. Box’s Test of Equality of Covariance Matrices
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Multivariate Tests?

36

Effect Value F Hypothesis df  Error df Sig. Partial Eta Squared
Sex Pillai's Trace .124 1.326° 3.000 28.000 .286 124
Wilks' Lambda .876 1.326° 3.000 28.000 .286 124
Hotelling's Trace .142 1.326° 3.000 28.000 .286 124
Roy's Largest Root 142 1.326° 3.000 28.000 .286 124
DataGroup Pillai's Trace .733 5.594 6.000 58.000 .000 .367
Wilks' Lambda 279 8.331° 6.000 56.000 .000 AT72
Hotelling's Trace 2.538 11.422 6.000 54.000 .000 .559
Roy's Largest Root 2.521 24.368° 3.000 29.000 .000 716
Sex * DataGroup Pillai's Trace 119 .614 6.000 58.000 .718 .060
Wilks' Lambda .883 .598°P 6.000 56.000 731 .060
Hotelling's Trace 129 .582 6.000 54.000 743 .061
Roy's Largest Root .099 .957°¢ 3.000 29.000 426 .090
a. Design: Intercept + Sex + DataGroup + Sex * DataGroup
b. Exact statistic
c. The statistic is an upper bound on F that yields a lower bound on the significance level.
Table 23a. MANOVA Test
Levene's Test of Equality of Error Variances?
Levene Statistic dfl df2 Sig.
Result (Digit Span Test) Based on Mean 2.074 5 30 .097
Based on Median 1.857 5 30 132
Based on Median and with 1.857 5 24.962 .138
adjusted df
Based on trimmed mean 2.033 5 30 .102
Result (Polygon Test) Based on Mean 3.181 5 30 .020
Based on Median 1.434 5 30 241
Based on Median and with 1.434 5 18.544 .259
adjusted df
Based on trimmed mean 2.804 5 30 .034
Result (No. of Errors in Based on Mean 1.504 5 30 .218
Mental Arithmetic Subtraction Based on Median .395 5 30 .848
Test) Based on Median and with .395 5 12.535 .843
adjusted df
Based on trimmed mean 1.335 5 30 277

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
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a. Design: Intercept + Sex + DataGroup + Sex * DataGroup
Table 23b. MANOVA Test (Levene’s Test of Equality of Error Variances)
Tests of Between-Subjects Effects
Type Il Sum Mean Partial Eta
Source Dependent Variable of Squares df Square F Sig. Squared
Sex Result (Digit Span Test) 2.250 1 2.250 2.647 114 .081
Result (Polygon Test) 220.028 1 220.028 .871 .358 .028
Result (No. of Errors in 7.111 1 7.111 1.803 .189 .057
Mental Arithmetic Subtraction
Test)
DataGroup Result (Digit Span Test) 53.389 2 26.694 31.405 .000 .677
Result (Polygon Test) 4902.722 2 2451.361 9.702 .001 .393
Result (No. of Errors in 3.500 2 1.750 444 .646 .029
Mental Arithmetic Subtraction
Test)
Sex * Result (Digit Span Test) 1.167 2 .583 .686 511 .044
DataGroup Result (Polygon Test) 247.722 2 123.861 490 617 .032
Result (No. of Errors in 5.056 2 2.528 .641 .534 .041
Mental Arithmetic Subtraction
Test)
Total Result (Digit Span Test) 3237.000 36
Result (Polygon Test) 83795.000 36
Result (No. of Errors in 278.000 36
Mental Arithmetic Subtraction
Test)
Corrected Total Result (Digit Span Test) 82.306 35
Result (Polygon Test) 12950.306 35
Result (No. of Errors in 134.000 35

Mental Arithmetic Subtraction
Test)

a. R Squared = .690 (Adjusted R Squared = .639)
b. R Squared = .415 (Adjusted R Squared = .317)
c. R Squared = .117 (Adjusted R Squared = -.030)

Table 23c. MANOVA Test (Tests of Between-Subject Effects)
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Estimated Marginal Means

1. Sex of Participants (Male = 1, Female = 2)

Sex of Participants (Male = 95% Confidence Interval
Dependent Variable 1, Female = 2) Mean Std. Error  Lower Bound = Upper Bound
Result (Digit Span Test) 1 9.611 217 9.167 10.055

2 9.111 217 8.667 9.555
Result (Polygon Test) 1 46.833 3.747 39.182 54.485

2 41.889 3.747 34.237 49.540
Result (No. of Errors in 1 1.556 468 .600 2.512
Mental Arithmetic 2 2.444 468 1.488 3.400

Subtraction Test)

Table 23d. MANOVA Test (Estimated Marginal Means — Sex of Participants)

2. Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,
No Coffee Consumption =3
Caffeinated Coffee 95% Confidence Interval
Consumption =1,
Decaffeinated Coffee

Consumption = 2, No

Dependent Variable Coffee Consumption = 3 Mean Std. Error  Lower Bound = Upper Bound
Result (Digit Span Test) 1 11.083 .266 10.540 11.627
2 8.500 .266 7.956 9.044
3 8.500 .266 7.956 9.044
Result (Polygon Test) 1 60.667 4.589 51.296 70.038
2 34.000 4.589 24.629 43.371
3 38.417 4.589 29.046 47.788
Result (No. of Errors in 1 2.417 .573 1.246 3.588
Mental Arithmetic 2 1.917 .573 746 3.088
Subtraction Test) 3 1.667 573 496 2.838

Table 23e. MANOVA Test (Estimated Marginal Means — Data Group)
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3. Sex of Participants (Male = 1, Female = 2) * Caffeinated Coffee Consumption =1,

Decaffeinated Coffee Consumption = 2, No Coffee Consumption =3

Caffeinated Coffee
Consumption = 1,
Decaffeinated Coffee

Sex of Participants Consumption = 2, No

95% Confidence Interval

(Male = 1, Female = Coffee Consumption Std. Lower Upper

Dependent Variable 2) =3 Mean Error Bound Bound
Result (Digit Span 1 1 11.167 .376 10.398 11.935
Test) 2 9.000 .376 8.231 9.769
3 8.667 .376 7.898 9.435
2 1 11.000 .376 10.231 11.769
2 8.000 .376 7.231 8.769
3 8.333 .376 7.565 9.102
Result (Polygon 1 1 66.833 6.489 53.581 80.086
Test) 2 34.333  6.489 21.081 47.586
3 39.333  6.489 26.081 52.586
2 1 54.500 6.489 41.247 67.753
2 33.667  6.489 20.414 46.919
3 37.500 6.489 24.247 50.753
Result (No. of Errors 1 1 2.000 811 .344 3.656
in Mental Arithmetic 2 1.000 811 -.656 2.656
Subtraction Test) 3 1667 811 011 3.323
2 1 2.833 811 1.177 4.489
2 2.833 811 1.177 4.489
3 1.667 811 .011 3.323

Table 23f. MANOVA Test (Estimated Marginal Means — Sex of Participants & Data Group)
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Post Hoc Tests

40

Caffeinated Coffee Consumption = 1, Decaffeinated Coffee Consumption = 2,

No Coffee Consumption =3

Multiple Comparisons

Bonferroni
(I) Caffeinated Coffee (J) Caffeinated Coffee 95% Confidence
Consumption = 1, Consumption = 1, Interval
Decaffeinated Coffee Decaffeinated Coffee
Consumption = 2, Consumption = 2, Mean
No Coffee No Coffee Difference = Std. Lower Upper
Dependent Variable Consumption = 3 Consumption = 3 (1-J) Error Sig. Bound  Bound
Result 1 2 2.58" .376 .000 1.63 3.54
(Digit Span Test) 3 2.58" .376 .000 1.63 3.54
2 1 -2.58" .376 .000 -3.54 -1.63
3 .00 .376 1.000 -.95 .95
3 1 -2.58" .376 .000 -3.54 -1.63
2 .00 .376 1.000 -.95 .95
Result 1 2 26.67° 6.489 .001 10.21 43.12
(Polygon Test) 3 22.25"  6.489 .005 579 38.71
2 1 -26.67"° 6.489 .001 -43.12  -10.21
8 -4.42  6.489 1.000 -20.87 12.04
3 1 -22.25"  6.489 .005 -38.71 -5.79
2 442 6.489 1.000 -12.04 20.87
Result 1 2 .50 811 1.000 -1.56 2.56
(No. of Errors in 3 .75 .811 1.000 -1.31 2.81
Mental Arithmetic 2 1 -50  .811  1.000 256 1.56
Subtraction Test) 3 25 811  1.000 -1.81 231
3 1 -.75 811 1.000 -2.81 1.31
2 -.25 .811 1.000 -2.31 1.81

Based on observed means.
The error term is Mean Square (Error) = 3.944.

*. The mean difference is significant at the .05 level.

Table 23g. MANOVA Test (Post Hoc Tests)
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A three-way between-groups multivariate analysis of variance (MANOVA) was performed to investigate
the average cognitive performance in three cognitive tests among three subject groups. Three dependent
variables were used: results in digit span test, results in polygon test and results in number of errors recorded
in mental arithmetic subtraction test. The independent variables were sex and data group (caffeinated coffee
consumption, decaffeinated coffee consumption and no coffee consumption). Preliminary assumption
testing was conducted to check for normality, linearity, univariate and multivariate outliers, homogeneity
of variance-covariance matrices, and multicollinearity, with no serious violations noted. There was no
statistically significant difference between males and females on the combined dependent variables, F (3,
28) = 1.33, p = .286; Wilks’ Lambda = .88; partial eta squared = .124. However, there were statistically
significant differences among data group (caffeinated coffee consumption, decaffeinated coffee
consumption and no coffee consumption) on the combined dependent variables, F (6, 56) = 8.33, p = .000;
Wilks’ Lambda = .28; partial eta squared = .472. When the results for the dependent variables were
considered separately, the differences to reach statistical significance, using a Bonferroni adjusted alpha
level of .639 and .317, were results in digit span test, F (2, 30) = 31.41, p = .000; partial eta squared = .68,
and results in polygon test, F (2, 30) = 9.70, p = .001; partial eta squared = .39. However, results in the
number of errors recorded in mental arithmetic subtraction test did not reach the statistical significance,
using a Bonferroni adjusted alpha level of -.030, F (2, 30) = .444, p = .646; partial eta squared = .03. An
inspection of the mean scores of result in digit span test indicated that group of caffeinated coffee
consumption reported higher results in this test (M = 11.08, SD = .793) than group of decaffeinated coffee
consumption (M =8.50, SD =.798) and group of no coffee consumption (M =8.50, SD = 1.168). In addition,
an inspection of the mean scores of result in polygon test indicated that group of caffeinated coffee
consumption reported higher result in this test (M = 60.67, SD = 16.82) than group of decaffeinated coffee

consumption (M = 34.00, SD = 4.90) and group of no coffee consumption (M = 38.42, SD = 20.61).
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In post hoc tests, it indicated that students with caffeinated coffee consumption reported a better cognitive
performance in digit span test compared to students with decaffeinated coffee consumption and students
with no coffee consumption in the same cognitive test (Mean Difference = 2.58, p = .000). Also, it was
found that students with caffeinated coffee consumption reported a better cognitive performance in polygon
test compared to students with decaffeinated coffee consumption (Mean Difference = 26.67, p = .001) and
students with no coffee consumption in the same cognitive test (Mean Difference = 22.25, p = .005).
However, post hoc tests indicated that there was no significant difference in performance in mental
arithmetic subtraction test among three groups (Mean Difference = .50, p = 1.000; Mean Difference = .75,

p = 1.000; Mean Difference = .25, p = 1.000).

Discussion

In this research, it was found that there was no statistically significant difference between sex and cognitive
test results (p = .286), i.e. digit span test, polygon test and mental arithmetic subtraction test. This result
implies that there is no main difference in cognitive performance between partially sleep deprived males
and partially sleep deprived females, and provides further details in response to the current uncertainties in

the relationship between sex and cognitive performance.

In addition, it was found that there was statistical significance between subject groups and three cognitive
test results (p = .000). Three subject groups altogether show a main difference in cognitive performance.
To consider the dependent variables separately, there were statistically significant difference between
subject groups and two cognitive test results, i.e. digit span test (p =.000) and polygon test (p =.001). These
results give an implication that the aforementioned three subject groups show a main difference in average
performance in short-term memory capacity and information processing speed. In the post hoc tests,
considering digit span test in Table 23g, Group 1 (caffeinated coffee consumption) reached a statistical

significance when compared to Group 2 (decaffeinated coffee consumption) (p = .000) and Group 3 (no
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coffee consumption) (p = .000), while Group 2 did not reach a statistical significance when compared to
group 3 (p = 1.000). This similarity was also found in polygon test. In Table 23g, Group 1 (caffeinated
coffee consumption) reached a statistical significance when compared to Group 2 (decaffeinated coffee
consumption) (p = .001) and Group 3 (no coffee consumption) (p = .005), while Group 2 (decaffeinated
coffee consumption) did not reach a statistical significance when compared to Group 3 (no coffee
consumption) (p = 1.000). These main statistical differences in between-groups comparison imply that
caffeine is an active agent which enhances the average cognitive performance in the areas of short-term
memory capacity and information processing speed of partially sleep-deprived students with evening
chronotype. Such a key finding is found to be consistent with the previous findings on the efficacy of coffee
intake as a countermeasure to sleepiness on partially sleep-deprived drivers (Mahachandra, Munzayanah &
Yassierli, 2017) and aligns with Mahachandra, Munzayanah & Yassierli’s findings that one-time caffeine
intake gives a marked improvement in cognitive function of partially sleep-deprived individuals
(Mahachandra, Munzayanah & Yassierli, 2017). This present research constructs a theoretical contribution
that caffeine not only shorten reaction time and prolong attention spans, but also more importantly, enhance

short-term memory capacity and information processing speed of partially sleep-deprived individuals.

Interestingly, three subject groups did not show a mean difference in the mental arithmetic subtraction test
(p = 1.000). In post hoc tests, neither Group 1 (caffeinated coffee consumption) reached a statistical
significance when compared to Group 2 (decaffeinated coffee consumption) (p = 1.000) and Group 3 (no
coffee consumption) (p = 1.000) nor Group 2 (decaffeinated coffee consumption) compares to Group 3 (no
coffee consumption) (p = 1.000). This experimental result altogether shows that caffeine did not enable
more accurate calculation of partially sleep-deprived students with evening chronotype. There are several
possible reasons accounting for this research finding. First, individual carelessness is one of the main
contributing factors causing this statistical insignificance. Some participants might give a rapid response
without thinking and checking carefully, resulting in higher number of errors in the subtraction test. In other

words, the cognitive performance of participants in mental arithmetic subtraction test was likely affected



COFFEE CONSUMPTION, COGNITION AND SLEEP DEPRIVATION 44

by carelessness. Besides, caffeine might not be quite effective in boosting cognitive performance in
repeated and tedious tasks. As caffeine is an effective agent to counteract drowsiness resulted from sleep
deprivation (Mahachandra, Munzayanah & Yassierli, 2017), repeated and tedious tasks likely lead to
drowsiness, which turns out to be making caffeine less effective. It is to predict that the cognitive
performance of participants in other calculation tasks might show another picture if the calculation tasks

require extra attentions and are in suitable level commensurate with participants’ academic qualifications.

According to the experimental results, hypothesis 1 and 2 are valid while hypothesis 3 is rejected. In
conclusion, instant one-time caffeinated coffee consumption enables greater short-term memory capacity
and faster information processing speed, but does not enable a more accurate calculation, of partially sleep-
deprived students with evening chronotype. Partially sleep-deprived university students with evening
chronotype are advised to instantly one-time consume caffeinated coffee just 30 minutes before attending

cognition-demanding tasks and learning activities, yielding a more favourable learning outcome.

Limitations & Suggestions for Future Studies

There are four limitations in this research study. One of the major limitations is that participants were not
subject to a confined sleep hour before the experiment. Partial sleep deprivation is defined as sleep duration
less than 5-7 hours within 24 hours (Durmer & Dinges, 2005; Pilcher & Huffcutt, 1996). With
interindividual variations in sleep hours, the effects of partial sleep deprivation could be various from
person to person, resulting in deviation of results due to possible difference in cognitive performance. To
avoid such a variation, participants can be, for example, invited to sleep for a confined hour, say 5 hours in

laboratories and wake up at 8:00 a.m. for experiment.
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The second limitation of this research is that participants were subject to an increased level of nervousness
during the experiment, which deviated from optimal performance of cognitive tasks. To avoid unwanted
elevated nervousness level, it is to suggest that student investigator assertively inform participants there
will be no adverse consequences and allows them to take a short break before cognitive tests if they report

NErvousness.

The third limitation of this study is that there might be heavy coffee consumers in group with caffeinated
coffee consumption. According to Corti et al. (2002), habitual coffee drinkers exhibit different level of
caffeine tolerance. This present research did not detect heavy coffee consumers or habitual coffee drinkers
before the experiment. Therefore, there might be presence of heavy coffee consumers in Group 1 (Group
of instant one-time caffeinated coffee consumption), which in turn affects the average cognitive
performance in the previous three cognitive tasks. To ensure the result reliability, it is to suggest that student
investigator inquires about the coffee-drinking habit of potential participants thoroughly in the recruitment

stage in order to screen out the heavy coffee consumers.

The last limitation of this research is that the mental arithmetic subtraction test might not be the most
suitable instrument to measure the arithmetic accuracy by counting the number of errors made by
participants. The mental arithmetic subtraction test required participants to subtract “7” after obtaining a
new number consecutively in 5 minutes, which might create tediousness, drowsiness, or even unwillingness
to complete the test. To make the cognitive test less problematic, it is to suggest that student investigator
designs a calculation test that involves different types of mathematical questions in appropriate level
commensurate with participants’ academic qualification, such as simple addition, multiplication and

division, instead of one-typed mechanical subtraction.
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To understand the importance of coffee tolerance or chronobiology as a masking factor, future research

topic could either be developed to examine the effects of instant one-time caffeinated coffee consumption

on cognitive performance of partially sleep-deprived non-heavy coffee drinkers with evening chronotype,

or to examine the similar scenario but with morning-chronotyped individuals.
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Appendix A — Questionnaire (English Version)

Hello! | am a final year undergraduate student at The Education University of Hong Kong. We are now conducting
a psychological research regarding sleep deprivation, habitual coffee consumption and academic performance
among UGC-funded undergraduate students in Hong Kong. We hope you can spend around 5 minutes to
complete and to fill up basic information. All answers you provide will be used for research purpose only. The
data will be kept in the strictest confidentiality and be destroyed after the research period. Thank you for your

precious time in taking part in this research!

Session 1 — Personal Sleep Routines

1. What time would you get up if you were entirely free to plan your day?

Time Score

(please circle)

5:00-6:29 am 5
6:30-7:44 am 4
7:45-9:44 am 3
9:45-10:59 am 2
11:00-11:59 am 1
Midday — 5:00 am 0

2. What time would you go to bed if you were entirely free to plan your evening?
Time Score

(please circle)

8:00-8:59 pm 5
9:00-10:14 pm 4
10:15 pm -12:29 am 3
12:30-1:44 am 2
1:45-2:59 am 1

3:00 am - 8:00 pm 0
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3. If there is a specific time at which you have to get up in the morning, to what extent do you depend
on being woken up by an alarm clock?
Score

(please circle)

Not at all dependent 4
Slightly dependent 3
Fairly dependent 2
Very dependent 1

4. How easy do you find it to get up in the morning (when you are not woken up unexpectedly)?
Score

(please circle)

Not at all easy 1
Not very easy 2
Fairly easy 3
Very easy 4

5. How alert do you feel during the first half hour after you wake up in the morning?
Score

(please circle)

Not at all alert 1
Slightly alert 2
Fairly alert 3

Very alert 4



COFFEE CONSUMPTION, COGNITION AND SLEEP DEPRIVATION 52

6. How hungry do you feel during the first half-hour after you wake up in the morning?
Score

(please circle)

Not at all hungry 1
Slightly hungry 2
Fairly hungry 3
Very hungry 4

7. During the first half-hour after you wake up in the morning, how tired do you feel?
Score

(please circle)

Very tired 1
Fairly tired 2
Fairly refreshed 3
Very refreshed 4

8. If you have no commitment the next day, what time would you go to bed compared to your usual

bedtime?
Score
(please circle)
Seldom or never later 4
Less than one hour later 3

1-2 hours later 2

More than two hours later 1



COFFEE CONSUMPTION, COGNITION AND SLEEP DEPRIVATION 53

9. You have decided to engage in some physical exercise. A friend suggests that you do this for one
hour twice a week and the best time for him/her is between 7:00 — 8:00 am. Bearing in mind nothing
but your own internal “clock” , how do you think you would perform?

Score

(please circle)

Would be in good form 4
Would be in reasonable form 3
Would find it difficult 2
Would find it very difficult 1

10. At what time of day do you feel you become tired as a result of need for sleep?

Score
Time (please circle)
8:00 - 8:59 pm 5
9:00-10:14 pm 4
10:15 pm —12:44 am 3
12:45-1:59 am 2
2:00-3:00 am 1

11. You want to be at your peak performance for a test that you know is going to be mentally
exhausting and will last for two hours. You are entirely free to plan your day. Considering only your

own internal “clock” , which ONE of the four testing times would you choose?

Score
Time (please circle)
8:00-10:00 am 4
11:00 am - 1:00 pm 3

3:00 -5:00 pm 2
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7:00-9:00 pm 1

12. If you got into bed at 11:00 pm, how tired would you be?
Score

(please circle)

Not at all tired 1
Alittle tired 2
Fairly tired 3
Very tired 4

13. For some reason, you have gone to bed several hours later than usual, but there is no need to get up
at any particular time the next morning. Which ONE of the following is you most likely to do?
Score

(please circle)

Will wake up at usual time, but will NOT fall back asleep 4
Will wake up at usual time and will doze thereafter 3
Will wake up at usual time but will fall asleep again 2
Will NOT wake up until later than usual 1

14. One night you have to remain awake between 4:00 — 6:00 am in order to carry out a night watch. You
have no commitments the next day. Which ONE of the alternatives will suite you best?
Score
(please circle)
Would NOT go to bed until watch was over 1
Would take a nap before and sleep after 2

Would take a good sleep before and nap after 3
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Would sleep only before watch 4

15. You have to do two hours of hard physical work. You are entirely free to plan your day and

considering only your own internal “clock” which ONE of the following times would you

choose?
Score
Time (please circle)
8:00-10:00 am 4
11:00 am —1:00 pm 3
3:00-5:00 pm 2
7:00-9:00 pm 1

16. You have decided to engage in hard physical exercise. A friend suggests that you do this for one
hour twice a week and the best time for him/her is between 10:00 — 11:00 pm. Bearing in mind
nothing else but your own internal “clock” , how well do you think you would perform?

Score

(please circle)

Would be in good form 4
Would be in reasonable form 3
Would find it difficult 2
Would find it very difficult 1

17. Suppose that you can choose your school hours. Assume that you went to school for five hours per
day and that school was interesting and enjoyable. Which five consecutive hours would you select?
Score
(please circle)

5 hours starting between 4:00 — 7:59 am 5
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5 hours starting between 8:00 — 8:59 am 4
5 hours starting between 9:00 am — 1:59 pm 3
5 hours starting between 2:00 —4:59 pm 2
5 hours starting between 5:00 pm —3:59 am 1

18. At what time of the day do you think that you reach your “feeling best” peak?

Score
Time (please circle)
5:00-7:59 am 5
8:00-9:59 am 4
10:00 am —4:59 pm 3
5:00-9:59 pm 2
10:00 pm —4:59 am 1

19. One hears about “morning” and “evening” types of people. Which ONE of these types do you
consider yourself to be?
Score
(please circle)

Definitely a “morning” type 6

Rather morea "morning” type 4
thanan “evening” type

Rather more an “evening” type 2
thana “morning” type

Definitely an “evening” type 0
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Scoring

We will help you to calculate the overall score. Please be patient and wait for a while.

Scores can range from 16-86. Scores of 41 and below indicate “evening types” . Scores of 59 and above
indicate “morning types” . Scores between 42 and 58 indicate “intermediate types” .

You are belong to ...

16-30 31-41 42-58 59-69 70-86

Definite Evening Moderate Evening Intermediate Moderate Morning Definite Morning

Session 2 — Sleep Habits

* Please circle as appropriate

QL. In general, consider a certain week in the semester (NOT include Saturday, Sunday & Public

Holiday). On average, how many hours do you sleep each day ? (Remark : DO NOT count short nap

Or afternoon nap.)

Average Hours:

Q2. During the semester, at what time do you go to sleep in weekdays ?

am. /pm.*
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Session 3 — Coffee Consumption & Academic Results

* Please circle as appropriate

Q3. Do you consume coffee habitually ? (Remark : Habitual coffee consumption is defined as

consuming at least one standardized cup of Nestle coffee (250 ml) every day.)

Yes /No * (If no, please go to Q5.)

Q4. On average, how many cups of coffee do you consume each day ? (Remark : Every 250 ml of

coffee is counted as one standardized cup.)

Average Number : cup(s)

Q5. What is your semester grade point average (GPA) in the previous semester?

Semester Grade Point Average (GPA) :

Session 4 — Personal Particulars

* Please circle as appropriate

Gender *: Male / Female

Age:

Institution * : HKU / CUHK / HKUST / PolyU / CityU / HKBU / EAUHK / LingU / OUHK / HKSYU / HSUHK

Curriculum/ Programme :

Thank you for your participation !
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Appendix B — Questionnaire (Chinese Version)

MFI| HEEFBHE AR S FREBE - AR EET - HEARKBLERAE - BMEEEREEME
AR ZE - BAZIRAESOIME AR 5 DIEAEE - WWHIE EEAEFR - BIREUD - RIBHAERHER(F
B - MEERREEERE - WEMFKTMEHEER - RERBITZPHESEMR!

FE—abs - EAEREE

1L MRA—KKRBABRETF - (REEFEERFERER ?

Fs S 28 (BE)
5:00-6:29 am 5
6:30-7:44 am 4
7:45-9144 am 3

9:45-10:59 am 2
11:00-11:59 am 1
th4 — 5:00 am 0

2MR—KRBEEELNF - REBREFEEERRBESR?

s D (FBEL)
8:00 - 8:59 pm 5
9:00-10:14 pm 4
10:15 pm —-12:29 am 3
12:30 - 1:44 am 2
1:45-2:59 am 1

3:00-8:00 pm 0
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3. MRAI—REFEERERRBER - B2 AEE LIREZFERIEER ?

px G )
AHE 4
DT RE 3
RIRHE 2
FHBE 1
4 RERIRIEIEWMAIGE - ESARE LRBERER ?
DY GEE)
FEFES 1
&5 2
= 3
FEED 4
5. TEIRIBIR Z BHVE H/1\BS - (RESARIE LTS ?
A (FEET)
IFETAE 1
ENE. 2
DE AR 3
IFE A 4
6. EIRER Z BB/ - (RESARE LRBIRE ?
A GEEH)
EEER NI 1
B85 2

60
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D EFRTES 3
JEs ALE 4

7. ERERZEBHEF/NE - RESKEELRIKER?

¥ (BEESL)
FERZE 1
DR 2
NS 3
TEAER 4

8. MRFIXRUWEMEMFHIEE - HEKEBISELR - (REEFTEESAER?

Y GEEL)
FEAROTE 4
BRI 10 3
TR 1-2 /1 2
EESH 2 /0 1

9. IREREEMIEE - (RMVAREZRMRE—EPAMMRES - BR—/\E - BSHRIAKR

NREREESFEL7 KE 8 K - BIERMIBEAEERE £ KEE LIRS XMES ?

D (FEE )
BoETER 4
e S ETEE 3
AKESETESR 2
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10. #—EX+ - #EERBRRIER  TEREES?

N8 (FBEL)
8:00 - 8:59 pm 5
9:00-10:14 pm 4
10:15 pm —12:44 am 3
12:45-1:59 am 2
2:00-3:00 am 1

11. REZERHREEBSERET -RREW/NSHES - RITAESTHESEIGT SN
2 o REMRYLBHEZERE - ZRIREAEIRGE - (REEFETHIM—ERIEE ?

D8 (FELL)
8:00 - 10:00 am 4
11:00 am - 1:00 pm 3
3:00-5:00 pm 2
7:00 - 9:00 pm 1
12. MR MR L 11 B5RESR - RERAEIRKE?
D8 (BEL)
TEANERER 1
DI R 2
RIEZE 3

FERER 4
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13. ARFELERR - REERFREEE/NSAE - BERAEFE_XE LE—KBEER - T3
W—IRRERE RS ?

D8 (FEL)
RIS ISEER - WAZ S 4
RIS ISEER - B2EZ IS 3
BB SEER - B2 EMARE 2
5 BB A AE B EE PR 1
14 BRT7TEREERE  —MRAFECRRL4GESR 6 IFERIERE - S_XMRUREOEHS
1 - FTHIM—IEREZRIRKRRES ?
D8 (FELL)
HERBHETHRIBASES 1
ERESEETRI/NE  EREHEEES 2
EREHZETHES  ERESRRE/NE 3
REEREHSETAES 4
15. fRTE —IEREM/NSHEE#ESNEEE - (ROIUBBEIRSE - BRFZEERIEALE
F5iE - IREEEFETIIM—ERIGRE ?
¥ (BEL)
8:00 -10:00 am 4
11:00 am —1:00 pm 3
3:00-5:00 pm 2

7:00-9:00 pm 1
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16. (REREET—ERFHIFENEE - RMARERRE—EHRETMRIENSE - SR—/I)
B BSRMAANREREZEL 10 52 11 5 - BIREROEAELERE £ ARE

EIRERIREE?
8 (BEL)
=T ER 4
2 in SR 3
REANER 2
RHEIFEAER 1

17. BRI LI B BERE LIREE - MIRBBRJBELR S5 /MG - MZXRZZHERR - RITER

REARE - IREEFETIIM—EE 5 /5 ?

D8 (FELL)
HZR 400 £ B £ 7:59 RAREES /NF 5
BHE I 8:00 £ 8:59 RniE&E 5 /IS 4
B2 E 9:00 £ T4 1:59 FEE 5 /S 3
B RF 2:00 2 T4 4:59 FRERE 5 /S 2
B 5:00 2 &= 3:59 FRREE S /S 1
18. ®E FSIM—ERBGRE S - (REVEBIRAVIE IR REZEZITRLE ?
[ ] 8 BEL)

5:00-7:59 am 5

8:00 -9:59 am 4
10:00 am —4:59 am 3

5:00-9:59 pm 2

10:00 pm —-4:59 am 1
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19. ER—0E3 "ERE., K "®RIRE, - MEGERERTIIM—EENA?
8 (BEL)
BUHZE "ERE, 6
TRERA, TR T RIRE 4
TRBRE, 2R TRERE, 2
BEHZE "RBE, 0
pal
B EHREIRETER D - FBIRHEF -
DHUBENF 16 2865 - 41 DHIUATER "RIKREL, 59 FFULER "ERE, - FENF
R AESEHZERBRNTF "RIRE, 2 "ERE, ZE -
REEH > ~ -
16-30 3141 42-58 59-69 70-86

BER TRBE, | PER TRIRE T TRBRE,

BTERH, 76

PR T RRE

B TERE
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S8R5 - BERRAR R R BB

QL. —fKER - E2HHE - ZERE—EHA (FTEEM/SRE) FERRE - (RS BRE
IRSEEZ D ? E: Rt EM CHER - A B/ ESFRE - )

SRR a\s;

Q2. B - £ H (FEREHN - HERARRKRY)  MBEEEERKEES ?

am./p.m.*

F=8% - BB BIERBEME

CEELEEEE
Q3. MEBEBIBMPERIEE ? GL: IBMPFBEREEBXIBE D —H#RE 250 EFA0E £
B =)

B/ BB (BB - FHE QD)

Q4. 1RFIHEBXIBZDMHIMGE ? (51: & 250 2AE—HIMBEETE - )
SOSESH #H

Q5. IRERITBHRIBZEMEZ ?

RAEFI91ERE (GPA)
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SIS - MAZE

BB LB E B

MRl *: 5/ X

FH]:

FIEBRR ¥ ZEARE /| BEPNAE | FERERAR /| FBETAE / FEHHAR /

BERERE /| BBUBARE /| BBEAR /| BB LHEKRE /| FEHTCAE/

BEEERE

FAEERRIE

AR S |
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Appendix C — Instrument (Coffee)

Figure 3. NesCafe (Caffeinated Coffee)

NESCAFE

RED MUG

Figure 4. NesCafe (Decaffeinated Coffee)

68
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Appendix D — Instrument (Cognitive Task 1 & 2 — Cambridge Brain Sciences Online Version)

Cambridge Brain Sciences. (2020). Retrieved from

https://www.cambridgebrainsciences.com/science/tasks/digit-span



https://www.cambridgebrainsciences.com/science/tasks/digit-span
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Appendix E — Instrument (Cognitive Task 3 - Mental Arithmetic Subtraction Test Check List)

ﬁ T))cplrtmpnt of ..- ﬁ%ﬁﬁk%
\ ’ PSYCHOLOGY .- The Education University

oo ﬁ of Hong Kong

Cognitive Task 3 - Mental Arithmetic Subtraction Test Check List

1000 = 993 = 986 = 979 = 972 = 965 = 958 > 951 = 944 - 937 >
930 =2 923 > 916 = 909 - 902 > 895 -> 888 > 881 > 874 > 867 2>
860 —> 853 > 846 > 839 - 832 > 825 > 818 2 811 > 804 > 797 >
790 2> 783 2> 776 2> 769 2> 762 > 755 > 748 2> 741 > 734 > 727 >
720 = 713 > 706 = 699 = 692 = 685 2> 678 2 671 > 664 > 657 2>
650 = 643 2 636 2 629 2 622 2 615 2 608 = 601 = 594 - 587 2>
580 = 573 = 566 = 559 = 552 = 545 - 538 > 531 > 524 - 517 >
510 => 503 = 496 = 489 = 482 > 475 > 468 = 461 2 454 = 447 >
440 - 433 > 426 > 419 > 412 - 405 > 398 - 391 > 384 > 377 >
370 = 363 = 356 = 349 - 342 - 335 > 328 2 321 2 314 > 307 2
300 = 293 > 286 =2 279 > 272 = 265 > 258 = 251 2> 244 - 237 >
230 = 223> 216> 209 - 202 - 195> 188 > 181 > 174 - 167 =
160 = 153 2> 146 > 139> 132 2> 125> 118 2> 111 > 104 > 97 2> 90
2832762692622 55248241 2342272202 1326
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Appendix F — Instructions to Participants (Before Experiment) (English Version)

Before the day of experiment, each participant will be given the following instructions.

1) Attend a partial sleep deprivation schedule before the day of experiment, i.e. have a total sleep

duration NOT MORE THAN 5 - 7 hours. Record the exact time before going to sleep and after

awake.

2) DO NOT consume any caffeine-containing beverages 10 HOURS BEFORE the experiment, e.g.

coffee, cola, tea, or other energy drinks.

3) To facilitate smoothness of experiment, participants who have instant coffee consumption are

advised to go to toilet once before attending cognitive tasks.

4) Participants in Group 1 and 2 (Instant One-time Caffeinated Coffee Consumption & Instant One-
time decaffeinated Coffee Consumption) will be instructed to consume 250ml Nestle coffee and
250 ml decaffeinated coffee in one-time respectively. Inform the student investigator promptly if

you are feeling unwell, or have other personal reasons, if any.
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Appendix G — Instructions to Participants (Before Experiment) (Chinese Version)

1) EERKR HRSEZNEREBABZIRS Z7 /MG - EBEFECHEAEKES

H:—_tr F'Eﬁ °

2) EER 10/\&a] - PZ2RHEZEMBEE R (B0 : WLE - oJ% - SREVEhBEE k) -

3) RYEERENIENET  MAFTE  ZROANMBRMASEEEETRAAGE AN

3

H e

4) FS—HAMASAZTHEBERIFTERF—RMEA 250 2EA=MBFERERMBE ; 54
RIttR S REFEERAIAFEARF—RMEAE 250 EFAZMBEERVIMBE - FFRSEEN
AANESEREAREEBAERAMGE - FEFBMNBENEE -
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Appendix H - QR Code for access to online questionnaire (Google Form)

Department of

@ PSYCHOLOGY .- B HE AR

i o .- The Education University
U328 R - of Hong Kong

B {Rim—i% LEkE QR Code -

HHM ST IEZIE~
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Appendix | - Consent Form

BRHYBKRE

< —RURAMBHRBEMLSEFERAZARBERMRRNEZE >

AANBDEBEZNMBLRERELTEEEEBLENARESSRENTHNEETE - 1 / thi
TEEBHUEARENHENMESE -

AANEBRBIEMERESHNERTARRRNARMEBMER -  AMEAABERERA
R  RANEAERKAERR

MARECKIAMERNEBSRBROAAFEIRINERE - AAERIJESHROE
2 - AAZERSEBIREME -

AANEBAANEREMAEBEPIREBAE TEEXOURBERERLME  EASEUM
HMAIFFEENTERBEEER -

==

mE

SMEHRS

HEA -
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Appendix J — Information Sheet

BARAER

—RMERAMBFBRGEELIERLEAREERNRIRNEE >

MBENZMEERELIEEEEARELEMRAESHITHMRSE - &/ MME
BEEHEAENHEMESE -

[t

it 38

1113

TEI/E

ERMATEHNELERRBAELDERAEARBEEEBNE-RERAMBEE LT —
REHMBFWANEEHCREE MBEFEREATEERENESR -

R
R

I

RERBEEXLERNERBARRETSHELE Lo KRBEFFEL D EERER
B 20MERS  BEEREEEX KRBEREERAZ - Bt - K 7 HRER A ZS5I
ENES  BIOAXEEZERHEMBE - BERMBEREHERESE £ - ERBBARIR
MERR  BEINRBRERFEEENEERE Bt - IRABHERT —RUERK
FMBFESRERBABNREAEREAENASENRNKRIE - EMRA BB UEE

MRFZE

ERMABEBHE ASUBRRBENLLERACHNABESHE W R =EHRE
ARl (1) —RUERAZMBERRIMBE - (2)—RERBAZMBERAOMBEL(3)RAB
— R ER A I E -

EER 30 0Em TRSEERSRMBHENNASETERMERNMBE - RXE=
B8 EBREEEREEEENANAE ERGSTESMELE
REN—ZM/NGAET  ZEBEAF 45 0iE -

=z
X2
ok
=
i

ERMALARE FRERERELEAFNE  EMEEZHBREMARBRE 2 EERA
ERNARBERARMEENEDEREAESNER -
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{E {0 /2 B

PREMRSAEEERIBETETASZRS - 7 /NERER - 82 HEE A ZE o 85|
HERE - EE EERIEEEFSF WS BRETIRAEAMRSHEENFTEEERA
ERRIGE o SHEERIMMBIECBESI KRR - OHNE - LEREBLES - 1E
FPEERRAESEMAIRBAEBREARMETRKNEEER - clRERLEE
B R -

BTHN2EEEERME BTFTEERoNEINETARBERERLEEREME - BA
ZRLSINEMTARER - NEBEBE FTHWERBERE  —UEHNNGEBRBHREA
BERE MAEMESHNERBZHARARARNMAMNBMRELR  ZRESBMHCEM
MRBER -

NEMNERERSEZARERMANER BFUEH @s.eduhk.hk =&
BERANSAANNERn BB L @eduhk.hk B4 -

NME FTHEEMANETERNRR IBKETEXNBABABRERVRETZRES
B4 (B E: hrec@eduhk.hk; ithilt : EEHERBMREZEREHE) -

HHBNEHBSEERMA -


mailto:hrec@eduhk.hk



