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Abstract 

College-aged adults do not achieve their optimal level of cognitive performance during early 

morning hours, presumably because they are at the point in their circadian rhythm where their 

physiological level of arousal is very low. Previously, we have shown that caffeine enhances 

memory for adults ages 65 and older when they are experiencing low physiological arousal. The 

purpose of this study was to determine whether caffeine will also enhance memory in college 

students during their non-optimal time of day - early morning. Thirty minutes after consuming a 

cup of coffee that is either caffeinated or decaffeinated, participants completed one implicit and 

one explicit memory task, using a word-stem completion paradigm. Implicit memory is behavior 

that occurs as a result of a prior experience without the participant’s conscious awareness. 

Explicit memory is when the participant directly recalls material presented earlier. Based on 

previous research, we hypothesized that the administration of caffeine will improve explicit 

memory performance while impairing implicit memory performance. The results suggested that 

young adults who consumed caffeinated coffee demonstrated meaningful improvements in 

memory performance on explicit tasks, but they did not differ from those who drank 

decaffeinated coffee on implicit tasks. The implications of these findings may have real-world 

application for classroom settings where students are expected to perform optimally during 

morning testing sessions. 

Keywords: caffeine, explicit memory, implicit memory, time of day, younger adults 
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During early morning hours, the majority of college-aged adults are at their non-optimal 

time of day. Results from the Morningness and Eveningness Questionnaire (MEQ), which 

assesses optimal time of day for cognitive and physical functioning (Horne & Ostberg, 1976), 

indicated that only 8.3% of undergraduates were morning-type whereas 62.4% were evening-

type and 29.3% were neither type  (Chelminski et al, 1997). In contrast to young adults, 73% of 

adults over the age of 65 prefer the morning (May et al., 1993; Inton-Peterson et al., 1998).  

Individuals perform at a cognitive deficit during their non-optimal time of day. Evening-

type young adults perform worse in the morning compared to the afternoon on a wide-range of 

cognitive tasks such as a recognition memory (May et al., 1993), immediate recall of prose 

passages (Petros et al., 1990), speed of word encoding, lexical access, semantic memory access 

(Anderson et al., 1991), word-pair associates, and recall of word list with emotional content 

(Hidalgo et al., 2004).  

Non-optimal time of day has been linked to low physiological arousal as measured by 

body temperature, skin conductance, and heart rate (Horne & Ostberg, 1976; Baily et al., 2001). 

One could consider the relationship between non-optimal time of day and a decline in cognitive 

performance as a result of decreased arousal. This hypothesis has lead to research investigating 

the effects of stimulants. 

Recent surveys suggest that caffeine is the most widely used stimulate and is consumed 

daily by 80% of the world’s population and 90% of the North American population (Heckman et 

al., 2010). Caffeine quickly crosses the blood-brain barrier and blocks adenosine receptors, 

which are widely distributed throughout cortical regions. Even a low dose of caffeine shows 

significant increases in firing rates in regions mediating sleep and mood, such as the dorsal and 

medial raphe nuclei and the locus coeruleus (Nehlig et al., 2000). The amplified cortical activity 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V9F-408X165-7&_user=9555371&_coverDate=09%2F01%2F2000&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_rerunOrigin=scholar.google&_acct=C000055186&_version=1&_urlVersion=0&_userid=9555371&md5=1cc9d376c371c5857a553a472d413433&searchtype=a#bbib8
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supports the increased alertness associated with caffeine consumption. While caffeine shows an 

increase in subjective states of arousal (as measured by questionnaires) when people are well 

rested (Michael et al., 2008; Smith et al., 2005), it has the largest effect when individuals are 

experiencing low states of arousal (Adan et al., 2008; Lorist et al., 1994). In particular, it has 

been shown to increase attention and elicit faster reaction times (Michael et al., 2008; Kole et al. 

1998; Adan et al., 2010).  

Ryan et al. (2002) hypothesized that decreased performance during one’s non-optimal 

time of day can be ameliorated by caffeine. They found that in the afternoon, morning-type older 

adults performed significantly better after ingesting caffeine on list-learning tasks, such as 

recalling information after a delay and recognition memory. They further argued that caffeine’s 

effects are nonspecific and may affect a wide range of cognitive functions. It is not known 

whether the Ryan et al. (2002) results are specific to an older population, or whether they 

generalize to other age groups.  

The present study tested the effects of caffeine on memory performance of young adults 

during their non-optimal time, i.e., the morning. We investigated the intentional recollection of 

recently learned information (explicit memory) as well as information that was encoded outside 

of conscious awareness (implicit memory). One piece of evidence shows that implicit memory 

scores are lower during participants’ optimal time of day (May et al., 2005). In this study, they 

tested younger and older adults during their optimal and non-optimal times at implicit and 

explicit word-stem completion task and a category generation task. While explicit memory 

scores were found to be highest at one’s optimal time, implicit memory scores peaked during 

one’s non-optimal time. These results suggest that implicit memory may also be moderated by 
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physiological arousal, but not in the same manner as explicit memory. To date, the effects of 

caffeine on implicit memory have not been investigated.  

Based on previous research, we hypothesize that the administration of caffeine to 

younger adults during their non-optimal time of day, early morning, will improve explicit 

memory performance while decreasing implicit memory performance. The results of this study 

may have direct implication for classroom settings where students are expected to perform 

optimally during morning testing sessions beginning as early as 7a.m.  

 

Methods 

Participants 

Sixty-three undergraduate students from the University of Arizona (18-21 years old) were 

recruited from the Psychology 101 course subject pool. Two participants, one from each group, 

were excluded from analyses because of extremely low memory performance of less than 8% 

correct, suggesting that they either did not understand the task or did not follow instructions. To 

create a well balanced designed, we randomly dropped one of the participants in the 

decaffeinated group, so that the analysis was conducted on a final group of 60 participants (30 in 

each group). All participants were prescreened over the telephone to exclude people with a 

history of drug or alcohol abuse, and neurological disorders or psychiatric disorders that may 

interfere with normal cognitive function. During the prescreening, participants were asked to 

estimate the amount of coffee, tea, soda, sports/energy drinks, and chocolate they consume per 

week. Only those people who reported consuming the equivalent of at least one caffeinated 

beverage on a weekly basis were included. A subset of four questions was also asked from the 

Morningness and Eveningness Questionnaire (MEQ; Home & Ostberg, 1976) to exclude young 
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adults who prefer the morning. MEQ has been widely used to assess optimal time of day for 

cognitive and physical functioning. It consists of 19 questions to categorize individuals as 

definitely morning-type, moderately morning-type, definitely evening-type, moderately evening-

type or neither type (no clear time of day preference). The scores range from 16 to 86 and high 

scores indicate a preference for the mornings. The questions from the MEQ chosen for the 

telephone screening were: what time would one go to sleep the evening before a free day, wake 

up on a free day, elect to take a test, and whether one classifies oneself as a morning or evening-

type person. People who were determined not to be morning-type individuals were invited to 

participate. Only 10% of the people we contacted were excluded because they were morning-

type individuals, consistent with Horne & Ostberg (1976) and Chelminski et al. (1997). All 

procedures in the study were approved by the University of Arizona Human Subject’s 

Committee. Participants gave informed consent and were given course credit for their 

participation in the study. 

 

Materials 

Seventy-two unique three-letter stems and completions (e.g. cal____; calcium) were 

chosen from a large normative word-stem completion data set (Ryan et al., 2001). Stems and 

completion were chosen on the following criteria: the stems could be completed with a minimum 

of 5 words, each completion was at least five letters long (5-9 letters), and the completion was   

not the most frequent completion for the stem. The completions were randomly divided into 

three lists of 24 words. Two lists were used during the study and test phase. Half of the words 

from the third list (12 words) were used during the stem completion task as fillers. The lists were 

counterbalanced across tasks and conditions. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V9F-408X165-7&_user=9555371&_coverDate=09%2F01%2F2000&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_rerunOrigin=scholar.google&_acct=C000055186&_version=1&_urlVersion=0&_userid=9555371&md5=1cc9d376c371c5857a553a472d413433&searchtype=a#bbib8
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Procedure 

During the telephone screening, eligible students were scheduled to come into the 

laboratory on a given week day. They were instructed not to eat or drink anything the morning of 

the experiment. Testing was conducted between 6 and 8a.m. Each participant received a 

reminder telephone call thirty minutes prior to their experiment time. Even with our diligent 

effort to ensure that people who signed up for the experiment participated, over 20 individuals 

failed to arrive at the morning testing location. Each participant was randomly assigned to one of 

two conditions, receiving either caffeinated or decaffeinated coffee. Prepackaged instant coffee 

(Starbucks Via Italian Bold either caffeinated or decaffeinated) was prepared using a 

standardized procedure to ensure that each 8-ounce cup contained the same amount of caffeine 

(caffeinated-180mg, decaffeinated 7-10mg; personal communication from Starbucks).  

Upon arrival, participants reported how awake they felt on a Likert scale (1- not awake, 

5- wide awake). They drank the coffee and waited 30 minutes. All participants were told the 

coffee was caffeinated to control for expectancy effects. The experimenter was blind to the type 

of coffee administered. During the 30 minute period, participants read a book that they had been 

instructed to bring with them.    

The task consisted of a study phase, intervening phase, and test phase. In the study phase, 

participants were shown 48 words (two lists) in a random order. Each word was presented on a 

computer screen for three seconds. Participants were instructed to rate the words aloud for 

pleasantness on a scale from 1 to 5 (1- strongly unpleasant, 5- strongly pleasant) as the 

experimenter recorded their responses. Two words were added at the beginning and end of the 

list that did not appear in the test phase to control for primacy and recency effects.  
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During a five minute intervening task, participants completed the full version of the MEQ 

and reported what time they went to bed and woke up the night before the experiment, what time 

they normally go to bed and wake up, and gave a second rating of how awake they felt. They 

also reported whether they ate or drank anything before the experiment. 

In the test phase, participants first performed the implicit stem completion task followed 

by the explicit cued recall task. Thirty-six stems were presented on the computer screen one at a 

time. Unbeknownst to the participant, 24 of the stems could be completed with the words that 

were previously presented in the study phase. The other 12 stems served as fillers, and were 

taken from the list that was not presented during the study phase. The fillers were randomly 

interspersed among the targets to decrease the likelihood that participants would become aware 

of the connection between the words they had previously seen and the stems in the task. 

Participants were instructed to complete the stem with the first word that came to mind. The 

experimenter recorded their verbal responses.  

The cued recall task that immediately followed consisted of the stems from the second 

list of words seen in the study phase. None of the stems presented in the cued recall task were the 

same as the ones in the word stem completion task. Participants were instructed to complete the 

stems with the words they previously saw in the pleasantness rating task.  

The participants answered a series of follow-up questions, including a third rating of how 

awake they felt, whether they noticed any connection between the stem completion task and the 

words in the pleasantness rating task and, lastly, they were asked whether they thought the coffee 

affected them, and if so, positively or negatively. They were then debriefed regarding the 

purpose of the experiment.  
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Results 

Table 1 

 

Participant Characteristics        

____________________________________________________________ 
    Decaffeinated   Caffeinated  

Variable         coffee       coffee      

Number of Participants        30           30 

Age (years)   18.67(.92)   18.47(.82) 

Sex (M/F)        10/20       14/16 

MEQ Scores   43.23 (6.65)   40.97 (5.95) 

Daily Caffeine intake (mg) 119.83 (97.93)   87.81 (55.48)  

Note. Standard deviations are in parentheses. 

 

 

Awake ratings.  There was a trend towards participants who had caffeinated coffee 

reporting that they were more awake after the coffee than participants who drank decaffeinated 

coffee. Data were analyzed using a mixed factor ANCOVA with awake scale ratings (before and 

after coffee) as a within-subject factor and coffee type (caffeinated, decaffeinated) as the 

between-subject factor, including hours of sleep (by counting the hours between what time they 

reported going to bed the night before and what time they woke up) and MEQ scores as 

covariates (Figure 1). The awake by coffee interaction was marginally significant F(1,56)= 

3.938, MSE= .587, p = .052, ηp 
2
=.066, ns. The partial Eta square (ηp 

2
) was used to measure the 

effect sizes considering that a partial Eta squared of 0.01 was small, of 0.06 moderate, and of 

0.14 large (Stevens, 2002). There was no main effect for the covariates hours of sleep and MEQ 

scores F<1.  
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Figure 1. Subjective ratings on 5-point awake scale before and after coffee for the caffeinated 

and decaffeinated coffee group. Error bars represent standard errors.  

 

p=.052 

 

Memory performance.  Implicit memory scores on the word stem completion task were 

calculated by subtracting baseline completion rates, previously collected from Ryan et al. (2001), 

from the percentage of stems completed with the words from the study phase. On the cued recall 

task, the percentage of words correctly recalled was the explicit memory score.  

Participants who drank caffeinated coffee performed significantly better than participants 

who drank decaffeinated coffee on the explicit memory task but not the implicit memory task. 

Data were analyzed using a mixed factor ANCOVA with memory type (implicit, explicit) as 

within subject factor and coffee type (caffeinated, decaffeinated) as between-subject factor, 

including hours of sleep and MEQ scores as covariates. The memory type by coffee type 

interaction was significant F(1,56)= 4.459, MSE= .012, p < .05, ηp 
2
=.074. As seen in Figure 2, 
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the interaction was driven by memory performance on the explicit task. The covariates were not 

significant F<1. There was an anticipated main effect of memory type since we expected people 

to perform better on the explicit memory task compared to the implicit memory task F(1,56)= 

4.385, MSE= .012, p < .05, ηp 
2
=.073.  There was an unexpected main effect of coffee type 

F(1,56)= 6.004, MSE= .015, p < .05, ηp 
2
= .097. Again the explicit memory scores are driving the 

effect as illustrated in the follow-up independent samples t-tests. Participants who drank 

caffeinated coffee (M= .44, SE= .02) performed better on the explicit memory task than 

participants who drank decaffeinated coffee (M= .35, SE= .02); t(58)= 2.801 p< .01 whereas 

participants did not show a significant difference in implicit memory performance between those 

who drank caffeinated (M= .23, SE= .02) and those who drank decaffeinated coffee (M= .22, 

SE= .02); t<1, ns. 

There was no difference in memory performance between participants who thought the 

caffeine effected them F<1. There was no relationship between history of caffeine usage and 

memory performance in the caffeinated coffee group on the implicit (r=.037, p=.85) and explicit 

task (r=-.158, p=.41) or the decaffeinated coffee group on the implicit (r=-.242, p=.20) and 

explicit task (r=-.120, p=.53), ns.  
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Figure 2. Memory performance on the implicit and explicit task for the caffeinated and 

decaffeinated coffee group. Error bars represent standard error.  

 

*p<.05 

 

Discussion 

Consuming caffeine significantly increased the memory performance of college-aged 

adults during their non-optimal time of day, the early morning. Young adults who consumed 

caffeinated coffee demonstrated meaningful improvements in memory performance on explicit 

tasks, but they did not differ from those who drank decaffeinated coffee on implicit tasks.  

Ryan et al. (2002) found similar results in older adults. Morning-type older adults 

performed worse on explicit memory tests during their non-optimal time of day, the afternoon, 

compared to their optimal time of day, the morning. Older adults, who consumed caffeinated 

coffee in the afternoon, did significantly better than older adults who consumed decaffeinated 

coffee on recalling information after a delay and recognition memory. Similarly in the present 



Effects of Caffeine on Memory 14 
 

study, young adults who consumed caffeinated coffee during their non-optimal time of day, the 

morning, did significantly better than those who consumed decaffeinated coffee on recalling 

information that was facilitated by a cue. Although older and younger adults have different time 

of day preferences, both studies suggest that consuming caffeine at one’s non-optimal time can 

improve explicit memory performance.  

We were unable to replicate the results from May et al. (2005) suggesting that implicit 

memory performance is highest during an individual’s non-optimal time of day. Although the 

tasks included virtually the same test phase (word-stem completion task to measure implicit 

memory and a cued recall task to measure explicit memory) the study phases differed. In May et 

al. (2005), the participants viewed target-distracter word pairs, whereas participants in our task 

viewed a single word. Observing target-distracter word pairs may require participants to inhibit 

the distracter word in order to attend to the target word. Our study did not involve any 

distractions from the single word on the screen. Another possible explanation is that differences 

in implicit performance are not as consistent and substantial as explicit memory performance. 

 The students who participated in the present study consisted of both high and low 

caffeine consumers. It has been shown that one’s history of caffeine consumption does not 

impact the benefits derived from caffeine usage (Jarvis et al., 1993). In a recent study, 

participants who reported having a high caffeine tolerance still showed improved performance 

with caffeine on mentally challenging tasks (Addicott & Laurienti, 2009). 

 As proposed in Ryan et al. (2002), we argue that caffeine’s effects are non-specific and 

can improve performance in a variety of explicit cognitive tasks. Just as all stimulants may show 

these improvements in memory performance, other tasks that increase wakefulness and arousal, 

such as physical activity, are expected to provide similar effects. Bugg and colleagues (2006) 
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found that more active older adults did not experience a decline in working memory performance 

across time of day compared to sedentary older adults. These results support the argument that 

general increases in physiological arousal are beneficial to cognitive performance.   

Even though very few young adults perform best in the morning (Chelminiski et al., 

1997), many standardized tests and final exams are taken within the first few hours of the school 

day. We assume that grades on these tests accurately reflect school performance. Unfortunately, 

several studies suggest that a student’s time of day preference may affect grades and test scores. 

Randler and Frech (2009) found a significant negative correlation between grade point average 

and the German translated version of the Morningness and Eveningness questionnaire (pMEQ), 

indicating that the more a student preferred the evening, the worse grades they earned in school. 

Two other studies found a similar relationship between a student’s time of day preference and 

their test score on graduation final exams in Germany, consisting of their grades on multiple 

exams (Randler & Frech 2006) and a nationwide university entrance exam in Turkey (Beşoluk, 

2011). These results showed that morning-type students did better on the tests than evening-type 

students. The present results warrant further investigation into the effects of caffeine in academic 

settings. Further issues need to be resolved before we are able to suggest caffeine as a possible 

remedy for students who do not perform well in the morning, such as whether consuming 

caffeine would result in better learning over time or help students retrieve previously learned 

information. Smith (2005) provides tentative support for this idea from his investigations in the 

work force. Higher caffeine consumption was associated with fewer cognitive failures and risks 

of accidents at work.  

In conclusion, our results indicate that caffeine offers performance-enhancing effects in 

explicit memory. Further research needs to expand these findings to see if students who perform 
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at a cognitive deficit during the beginning of the school day could benefit from consuming 

caffeine. 
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