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Abstract 

Many coffee preferences are known, but studies that comprehensively integrate simultaneous 

contributions to coffee enjoyment are lacking. An online citizen-science questionnaire designed to 

identify those factors associated with momentary coffee liking, surveying demographics, 

extrinsic/intrinsic qualities, and coffee-related habits, is presented (N = 2,987; 5 continents; 7 

languages; 11 countries; 77 nationalities). The results indicate a higher liking for coffee consumed 

black, during spring, in the morning, on Wednesdays, and from ceramic cups. Higher-priced coffee 

is appreciated significantly more, and liking-consumption quantity appears best-optimised at 4–5 

cups/day. Several key characteristics for coffee-dislike are evident: waking-up late, drinking from 

a cup with a lid on, at noon during autumn, with cream, and, potentially implying a possible coping 

mechanism for bitterness-disliking, adding sugar to coffee. These results constitute the first multi-

country cross-context integration of momentary coffee liking and provide an empirical foundation 

for context-sensitive models linking sensory/behavioural/temporal factors in beverage preference 

research. 

 

KEYWORDS: coffee, liking, price – quality effect, coffee-related habits, season, time of day, 

culture, generation, cross-sectional study.  
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After water and tea, coffee is the world’s third most consumed beverage and the second most 

traded commodity1, with significant cultural, economic, and social importance. Coffee has recently 

experienced a global rise in popularity and secured its status as an icon of the world marketplace2. 

Global consumption continues to expand and diversify across demographic groups and cultural 

contexts, increasing from 104.6 million 60-kg bags in 2000 to 173 million 60-kg bags in 20233. 

Coffee production tends to be concentrated in low- and middle-income countries (i.e., about 70% 

of supply originates from Brazil, Vietnam, Colombia, and Indonesia) whereas demand is 

concentrated in middle- and high-income markets, with the United States (US), the European 

Union (EU), Brazil, and Japan together accounting for more than two-thirds of global 

consumption. 

Health-wise, moderate coffee consumption (e.g., 3-5 cups/day) is associated with favourable 

health outcomes, including a lower risk of cardiovascular disease, type 2 diabetes, liver disease, 

obesity, metabolic syndrome, several cancers, as well as lower all-cause mortality4,5; though 

recommendations for moderate/low coffee consumption are made for diverse underlying medical 

health conditions and prescribed medicines. Given coffee’s widespread consumption, depending 

on the specific outcome considered, even modest relative risk reductions could yield meaningful 

public health benefits5. Emerging work also suggests that the timing of coffee intake may modify 

these associations. For instance, Wang and her colleagues6 reported that, relative to non-

consumption, both moderate and heavy coffee intake were associated with lower all-cause 

mortality among morning-type drinkers, but no significant association was observed among all-

day-type drinkers. 

Moreover, coffee consumption closely aligns with contemporary lifestyles, with diverse factors 

considered to contribute to people’s enjoyment of coffee, including consumer demographics (age, 

sex), sensory attributes (flavour profiles, various additions to the coffee, such as sugar or milk), 

and a selection of basic consumption contexts and individual consumption preferences and/or 

habits (e.g., the time of day at which coffee is consumed). Take, for example, the stratification in 

Loftfield et al.’s study7, indicating that men and older adults (≥ 30 years) consume more daily 

coffee, while female consumers tend to spend more on higher-priced (i.e., also referred to as 

speciality) coffee types8. Further, cross-cultural comparisons point to sensory (taste, flavour) and 

functional (stimulant) motives as dominant determinants of coffee consumption, broadly similar 

across countries and cultures (see9, for a review). By contrast, specific habits and preferences 
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linked to occasions, locations, and consumption contexts tend to vary with traditions and cultural 

norms. However, studies are presently lacking that comprehensively integrate the diverse 

contextual factors that may simultaneously contribute to the enjoyment of coffee. For instance, 

while diurnal patterns of consumption are known, how these interact with seasonal changes or 

specific added ingredients to coffee remains less clear10,11. Furthermore, from the consumer’s point 

of view, the influence of generational cohorts on coffee appreciation in the current market 

landscape is an evolving area that may be considered worthy of further study. A recent industry 

report highlights that coffee habits differ markedly by generation: Younger cohorts report drinking 

less coffee, they express a stronger orientation toward third-wave or specialty coffee, as well as 

expressing a preference for milk-forward coffee beverages, whereas Generation X and Baby 

Boomers more often nominate espresso as their primary choice12. In a similar manner, another 

recent study links younger consumers’ coffee choices to identity expression and social-media-

mediated café experiences, thus marking a clear departure from the habit- and tradition-driven 

approach of older generations13. Notably, the social-media-sharing of coffee-to-go consumption 

appears substantially higher among younger cohorts than amongst Baby Boomers and older adults; 

though the social media sharing seems to be a food-related phenomenon nowadays, not only 

restricted to coffee14. Relatedly, a consumer’s nationality and/or origin with respect to coffee-(non-

)producing regions represents an under-explored area at present. 

Factors such as the impact of the coffee’s extrinsic qualities, including the receptacle (e.g., ceramic 

vs. disposable cups) and the actual price, on the drinker’s subjective liking of the coffee within 

needs consideration. Visual properties of the cup – such as its colour or material qualities – have 

been shown to influence sensory and hedonic judgements of specialty coffee15,16, though they may 

exert less of an influence on instant coffee17. Price and the coffee’s perceived quality appear to be 

linked in the mind of the consumer, with price being an important, premium-bearing attribute of 

coffee described in the literature8. At the market level, mainstream coffee demand is relatively 

price-inelastic. That is, consumers typically maintain their coffee consumption habits, despite the 

future coffee markets’ price volatility18. By contrast, among younger consumers – particularly in 

specialty/third-wave contexts – coffee is often perceived as an expensive commodity, a 

conspicuous-consumption signal, pointing to greater price sensitivity and cohort-specific 

dynamics13. Finally, when considering the marketing price–quality effect, it is expected that stating 

a higher price should raise expectations of quality and liking. Indeed, consistent with the price–
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quality heuristic, higher prices raised consumers’ expectations before the tasting, but did not 

reliably increase the experienced quality or liking once the product was sampled19. Understanding 

these multifaceted influences is important for the coffee industry and the research community, 

from cafes personalising their offerings and ambiance20, through to marketers targeting specific 

demographics, and product developers interested in optimizing the consumer’s coffee drinking 

experience. 

The present study thus aimed to comprehensively investigate those presumably multi-dimensional 

factors impacting the enjoyment of a cup of coffee. For this, a multi-country citizen-science survey 

was conducted (i.e., a collaborative research project where numerous and diverse individuals – 

from typically different groups/countries – participate in collecting and/or analysing data, so as to 

answer specific scientific questions, and as such, to contribute to a shared body of knowledge with 

broad geographic/temporal distribution and scope; see 21, for an example). Several key variables 

relating to coffee consumption, including coffee extrinsic characteristics (e.g., the coffee price, 

type of cup, coffee with a lid on, with/without company), the presence of common additions to 

one’s coffee (e.g., sugar, milk, cream), consumer characteristics (e.g., generation), temporal factors 

(i.e., season, weekday, time of the day), as well as typical habits in relation to the consumed coffee 

(i.e., consumption frequency, waking hour) were recorded. To answer the study main question of 

what makes us enjoy a cup of coffee, the present study is structured around five central research 

aims: (1) The first aim is to investigate to what extent the extrinsic and/or intrinsic coffee attributes 

and consumption habits are associated with liking the coffee, across different countries. (2) The 

second aim is to investigate how the interaction between specific coffee characteristics and 

temporal context relates to the present/momentary coffee enjoyment. (3) Third, we address if 

coffee characteristics are moderated by consumer demographics. (4) Fourth, we explore specificity 

in consumer evaluation, by researching how the perfect liking of a coffee (i.e., as evident in 

maximum ratings awarded to a consumed coffee), as opposed to average ratings liking, associate 

with distinct coffee characteristics of interest. And finally, (5) Given the nature of this study’s 

recruitment, we verify to what extent the observed associations are consistent across the sampled 

geographical locations, and whether robustness of our findings is maintained when accounting for 

geographical imbalances and recruitment-related dependencies. The present work is important and 

timely because it emphasizes that the perfect cup of coffee is a dynamic expression, influenced by 
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psychology, culture, and context, including geographical location of consumption, as much as by 

the coffee itself. 

 

Results  

Table 1 presents the survey summary statistics after excluding price outliers, N = 2,987; see Table 

S1 for distribution summary of recruitment country by month. Table 2 provides descriptive 

statistics for all continuous variables considered in the study. Figure 1 presents the distribution of 

the coffee Liking variable. Figure S1 in Supplementary Information presents the PPP-adjusted 

price distribution for the entire sample, N = 3,002. Those reported intrinsic and extrinsic coffee 

qualities are depicted in Figure 2. Figure 3 presents coffee preferences across different nationalities 

reported by the participants in the sample. Finally, additional graphical depictions of coffee Liking 

scores split according to different demographic, contextual, and product characteristics are 

presented in Figure S2 in Supplementary Information. 

 

INSERT TABLES 1 – 2 AND FIGURES 1 – 3 HERE 

 

For the group-based exploratory results, the analysis of variance (ANOVA) revealed a main effect 

of Generation on coffee preference (F[3, 468.29] = 6.64, p < .001, 𝜂𝑝
2  = .007), with Gen Z’s 

preference for coffee (M = 7.94, SD = 2.13) significantly lower compared to Gen X (M = 8.34, SD 

= 1.87; t(774.7) = 3.69, p = .001, r = 0.13) and Millennials (M = 8.24, SD = 1.89; t(2434.9) = 3.71, 

p = .001, r = 0.08). Second, a main effect of Season was observed on coffee preference (F[3, 

600.73] = 14.18, p < .001, 𝜂𝑝
2 = .013). Coffee was liked best in spring (M = 8.55, SD = 1.40), 

significantly more than summer (M = 8.20, SD = 1.99; t(199.4) = 2.71, p = .037, r = 0.19) and 

autumn (M = 7.82, SD = 2.22; t(254.6) = 5.33, p < .001, r = 0.32). Further, coffee was liked least 

in the autumn, significantly less than summer (t(1958.5) = 4.37, p < .001, r = 0.10) and winter (M 

= 8.39, SD = 2.66; t(973.8) = -5.25, p < .001, r = 0.17). Third, a significant main effect of Weekday 

was also observed on the coffee Liking data (F[6, 1299.82] = 3.27, p = .003, 𝜂𝑝
2 = .007). Tuesday 

was the least preferred day to drink coffee (M = 7.84, SD = 2.22), with coffee Liking significantly 

lower than top-score-Wednesday (M = 8.35, SD = 1.90; t(825.5) = -3.605, p = .006, r = 0.12) and 

Sunday (M = 8.25, SD = 1.86; t(962.5) = -3.10, p < .033, r = 0.10). Fourth, the Time of day 
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demonstrated a clear influence on coffee preference (F[2, 1135.60] = 21.45, p < .001, 𝜂𝑝
2 = .015). 

Morning coffee consumption was most liked most (M = 8.38, SD = 1.72), significantly better as 

compared to noon (M = 8.01, SD = 2.07; t(2536.4) = 4.96, p < .001, r = 0.10) and evening (M = 

7.69, SD = 2.46; t(604) = 5.42, p < .001, r = 0.22). Noon consumption was liked significantly 

more, as compared to evening (t(653) = 2.45, p = .039, r = 0.10), with the latter showing the lowest 

preference.  

Fifth, the Type of coffee cup significantly influenced coffee preference (F[4, 227.26] = 5.05, p < 

.001, 𝜂𝑝
2 = .007). Ceramic cups were liked best (M = 8.25, SD = 1.89), significantly surpassing 

plastic (M = 7.85, SD = 2.12; t(357.9) = -2.99, p = .024, r = 0.16) and paper cups (M = 7.82, SD = 

2.22; t(553.9) = -3.76, p = .003, r = 0.16), which had the lowest liking scores. Sixth, a significant 

main effect was noted with respect to the addition of ingredients to the consumed coffee (F[2, 

1163.97] = 11.04, p < .001, 𝜂𝑝
2  = .008). Black coffee was liked best (M = 8.30, SD = 1.91), 

significantly preferred over the coffee consumed with 1-2 added extra ingredients (M = 8.09, SD 

= 2.01; t(2371.1) = 2.58, p = .027, r = 0.05), and especially preferred over coffee with more than 

3 added ingredients (M = 7.74, SD = 2.24; t(715.5) = 4.59, p < .001, r = 0.17). Moreover, the coffee 

with 1-2 added ingredients was significantly preferred over the coffee with more than 3 added 

ingredients, with the latter having the lowest preference scores (t(665.4) = 2.99, p = .008, r = 0.12). 

Finally, the Number of coffees consumed per day significantly affected coffee preference (F[2, 

348.41] = 24.22, p < .001, 𝜂𝑝
2 = .015). Participants who declared drinking 3-5 cups per day offered 

the highest liking scores (M = 8.44, SD = 1.90), reporting that they liked coffee significantly more 

than those consuming only 1-2 cups per day (M = 7.91, SD = 2.03; t(2313.4) = -6.91, p < .001, r 

= 0.14). 

See Supplementary Information for further exploratory information-theoretic data analysis 

approaches (Table S2, Figures S3-S4). Next, the complementary regression results for coffee 

Liking prediction are presented. 

 

Fractional response logit (FR) results to predict the overall coffee Liking score 

FR coefficients and the average marginal effects (AMEs) for the three hierarchical fractional 

response models (i.e., the Baseline FR, the Temporal FR, and the Demographic FR) are presented 

in and Figure 4 below, with supporting data in Tables S3-S4 in Supplementary Information.  
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INSERT FIGURE 4 HERE 

 

The FR results indicate consistent patterns related to product-specific and habits in this dataset. 

Interestingly, sugar is associated with a statistically significant decrease (i.e., 3.1 percentage 

points) in predicted coffee Liking. To investigate potential reverse causality/selection concerns in 

the association between sugar and coffee liking, we apply Oster’s (2019)25 proportional-selection 

sensitivity analysis, which quantifies how strong unobserved selection would need to be to 

eliminate the association. We estimated two linear regressions: a model that focused on 

demographics, consumption context and the baseline full model with standard errors clustered by 

recruitment country. With 𝑅𝑚𝑎𝑥 = min(1, 1.3𝑥𝑅𝑓𝑢𝑙𝑙
2 ) = 0.094 , 𝛽̃ at 𝛿 = 1  of -0.022, the 

association was highly robust to omitted-variable bias, with δ = 2.92 implying that unobserved 

selection would need to be nearly three times as strong as observed selection so as to eliminate the 

estimated association. Higher PPP-adjusted prices are also related to higher reported liking, with 

each additional price unit associated with a 0.6 percentage point increase in scores. Habits-wise, 

each additional daily coffee consumed is associated with a 3.1 percentage points increase in coffee 

liking ratings. Note that the results suggest an optimal consumption level: Participants consuming 

just one cup of coffee per day report a relatively low liking score. As coffee consumption increases, 

so does satisfaction, peaking at five cups per day, that is, a 12.5% increase in Liking between one 

and five cups. However, beyond this optimal point, the coffee liking begins to drop, such that 

between five and ten cups, reported coffee liking decreases by 14.8%. These findings suggest that 

consumers who enjoy their coffee most drink around five cups/servings of coffee per day; see 

Figure S5 in Supplementary Information. 

Taking spring as the reference season, the Temporal FR results indicate that coffee liking 

significantly decreases by 6.4 percentage points in autumn. Moreover, while the use of a lid is 

associated with an overall increase in reported liking (+3.1 percentage points), this association is 

season-sensitive within this dataset. That is, relative to spring, the presence of a lid is associated 

with a significantly more pronounced seasonal decrease in liking scores, with 8.5, 7.9, and 10.4 

percentage points decrease for each of the summer, autumn, and winter coffee liking assessments. 

Further, for participants drinking in company, an additional statistically significant autumn penalty 

is observed, with reported coffee liking 8.6 percentage points lower than spring scores. 
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Further, compared to morning coffee consumption, coffee liking is 3.6 percentage points lower in 

noon/afternoon, and 4.6 percentage points lower in the evening. These results indicate that, in this 

sample, coffee liking scores were highest during the morning, with evening association varying 

significantly, depending on additives: While cream generally had a negative association, drinking 

coffee with cream in the evening was associated with a 13.2 percentage points decrease in 

predicted liking. This suggests a significantly lower liking for coffee with cream during late-day 

consumption in this sample. 

The passage of the week is associated with a gradual erosion of enjoyment for those coffee drinkers 

who add ingredients to their coffee: Each additional day of the week is associated with a significant 

decline in coffee liking (i.e., −0.4 percentage points per day), representing a cumulative decrease 

of approximately 2.4 percentage points from the start to the end of the week. In contrast, the non-

significant association between black coffee and weekday, suggests that additive-free coffee 

enjoyment appears to be less sensitive to temporal shifts.      

Further, while consuming coffee from premium cups (i.e., ceramic and glass) is associated with an 

overall increase of 2.8 percentage points in coffee liking as compared to drinking coffee in regular 

cups (i.e., including plastic, paper, and metallic cups, Temporal FR results reveal that this 

advantage is time-sensitive: the drop from the morning high liking is steeper for the premium cup. 

Specifically, for participants using premium cups, liking significantly declines as the day 

progresses, with ratings 4.5 percentage points lower at noon, and 5.6 percentage points lower in 

the evening, as compared to the morning baseline. This diurnal decline is nevertheless absent for 

participants using regular cups for their coffee. This indicates that the positive association between 

premium receptacles and liking scores is a morning-specific phenomenon in our analysed sample.   

Lastly, the Demographic FR results indicate that coffee is liked best by Gen X, Y, and Z, with 

coffee liking scores ranging from 9.0 to 9.8 percentage points higher, as compared to Baby 

Boomers. Further, the results indicate that the considered coffee additives are generation-sensitive. 

Specifically, Gen X, Millennials, and Gen Z participants report about 17% higher coffee Liking 

ratings as compared to Boomers when drinking their coffee without adding milk. However, this 

generational difference disappears when milk is added to the coffee. As such, in this sample, 

adding milk to the coffee is associated with statistically similar evaluations across the four 

generational cohorts, in contrast to the differences observed in non-milk-based coffee choices. 
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Furthermore, waking hour associations were most pronounced among Boomers. With every 

additional hour added to a Boomer’s waking time, predicted coffee liking decreases by 5.7 

percentage points. Millennials show a similar, though smaller, negative association (i.e., -0.9 

percentage points), whereas Gen X and Gen Z coffee enjoyment scores remain statistically stable, 

irrespective of their waking hour.  

 

Zero-One Inflated Beta (ZOIB) results for predicting perfect coffee Liking score 

Figure 5 presents the coefficients of the ZOIB model, with the supporting estimated marginal 

effects presented in Table S5 in Supplementary Information.   

 

INSERT FIGURE 5 HERE 

 

The results indicate that adding milk to coffee is associated with a significant increase in 

conditional mean coffee liking score (+3.9 percentage points), but nevertheless, a significant 

decrease in the probability of achieving a perfect coffee liking score (-5.6 percentage points). The 

number of cups of coffee consumed daily is associated with both model components, nevertheless 

this relationship is almost eight times greater for the probability of a perfect liking score (+6.2 

percentage points), as compared to those reported for average liking ratings (+0.8 percentage 

points). That is, habitual drinkers identified in this dataset are significantly more likely to give a 

perfect coffee liking evaluation. 

Black coffee, season (i.e., summer and autumn), and time of the day (i.e., noon, evening) are all 

associated with lower mean coffee liking scores, whereas the day of the week is associated with 

higher mean coffee liking scores. Furthermore, adding sugar is only associated with a significant 

decrease in the probability of a perfect score (-5.6 percentage points). Interestingly, price is not 

significantly related to mean liking levels in this dataset. Instead, price is only associated with the 

ceiling of expectations, with higher prices being associated with a 1.3 percentage point increase in 

the probability of a maximum liking score.  

By comparing the results of the Baseline FR with those of the ZOIB, several relevant findings are 

evident: First, while a non-significant main effect for milk was found in the FR Baseline 
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specification, the ZOIB results underlines that adding milk to one’s coffee is in fact related to 

higher conditional mean coffee liking, as well as, importantly, to a significantly lower probability 

of giving a perfect coffee liking score. Second, while sugar was a consistent negative correlate in 

the FR model, the ZOIB once again underlines that adding sugar is especially associated with a 

reduced probability of giving a perfect liking score to one’s coffee. Third, the ZOIB model 

identifies a significant association between black coffee disliking and mean liking scores, a result 

that hasn’t reach significance in the Baseline FR results. Fourth, the positive association for price 

and coffee liking found in the FR results appears to be related almost entirely to the probability of 

a maximum score in the ZOIB framework. Fifth, habitual coffee consumption was associated with 

coffee liking in both analysed models, but the ZOIB highlights that this relationship is much 

stronger for the maximum coffee liking ratings. Sixth, the penalties of time of the day and season 

found in the FR models appear to be related primarily to shifts in mean coffee liking within the 

ZOIB framework. Finally, the ZOIB analysis identified a weekday ascending trend for mean scores 

that was not observed in the FR results (see Table S5 in Supplementary Information). 

 

Robustness results to recruitment country geographical clustering  

See Figure 6 for the multilevel linear mixed model (MLM) coefficients, with the supporting Tables 

S6 – S7 in Supplementary Information, for the MLM results. 

 

INSERT FIGURE 6 HERE 

 

The MLM results identify a statistically significant, albeit small, country-level variance (𝜎𝑢
2 =

0.002). This suggests that although participants’ initial ratings differed across the nine recruitment 

countries considered in the analysis, much of the variance ( 𝜎𝑒
2 = 0.044 ) remained at the 

observation level within this dataset. As expected, switching from the FR model to a MLM 

specification resulted in an attenuation of most coefficient and marginal effects magnitudes.  

Importantly, the MLM results highlight a shift of several attributes from consistent cross-national 

associations to context-specific associations. In this sense, even though the main effects for cream, 

lids, and evening were no longer independently significant in the MLM specification, their 

associations remained robust in specific contexts, see, e.g., the Cream × Evening and Season × Lid 

associations remained significant. Moreover, the only case in our sample where statistical 
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significance was entirely lost within this random-intercept specification was the association for 

drinking alone (including its interaction with seasonality).  

Nevertheless, the majority of predictors and interactions remained statistically significant. 

However, sugar, price and the interaction Season × Lid on registered more intense average 

marginal effects in the MLM as compared to the AMEs of FR model.  

 

Sensitivity analysis in support of the coffee Liking prediction 

To address the geographical imbalance of the sample, we re-estimated our FR model with clustered 

standard errors (see Figure 7 below and the supporting Table S8 in Supplementary Information), 

after excluding the Turkish recruitment subsample (N = 871). 

From the comparison of the two FR models, with/without the inclusion of Turkey data, it is 

interesting to note that several factors indicate higher average marginal effects (i.e., higher coffee 

liking) in the restricted sample. Specifically, the positive association between coffee liking and 

price, premium cup, and generation, was amplified. The negative association for sugar also became 

more pronounced and the main effect of waking hour reached statistical significance, suggesting 

that these factors of preference might be more intensely associated with coffee liking outside the 

Turkish contexts of consumption surveyed in this dataset. In contrast, the coefficients for habitual 

coffee consumption and season were attenuated in the model excluding the Turkish subsample. 

Similar reductions in the magnitude of AMEs were observed for interactions between Season × 

Lid on, Time of the day × Premium cup, Boomers × Waking hour, and Generation × Milk. 

Although these predictors remained relevant, the reduction in size could suggest that the strength 

of these specific associations in the full model was partially related to profiles characteristic of the 

Turkish data.    

 

INSERT FIGURE 7 HERE 

 

In conclusion, the sensitivity analysis confirms the stability of our analytical framework. Despite 

a 35% reduction in sample size undertaken for the sensitivity analysis, the majority of the primary 

predictors and interactions have maintained statistical significance. However, drinking coffee 

alone, the time of the day, and two interactions (Season × Drinking alone and Time × Cream) 
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failed to reach significance in the smaller subset. It is interesting to note that the noon/afternoon 

association and the Cream × Evening interaction remained significant within the MLM framework, 

confirming that these temporal effects are not artifacts of country-level clustering. Their loss of 

statistical significance in the sensitivity analysis without Turkey data is rather very likely due to 

reduced statistical power, as opposed to a lack of generalizability. However, the drinking coffee 

alone main effect and its interaction with seasonality consistently lost statistical significance across 

both the multilevel specification and the model excluding the Turkish subsample, implying that 

these factors are more sensitive to country-level clustering and might be specific to cultural 

patterns within the Turkish data. 

 

Discussion 

By taking a global citizen-science approach, coffee enjoyment was considered as a function of 

contextual, product, behavioural, and demographic factors. The study was conducted over a period 

of 11 months between April 2024 – February 2025, with 2,987 coffee consumers voluntarily (i.e., 

without compensation) sharing their coffee experience in an ecologically-valid consumer setting, 

i.e., a naturalistic real-world setting, where one person would typically have a coffee, such as a 

coffee shop, one’s home, a park, or a student campus, to name a few. Importantly, while data 

collection took place in the Americas, Europe, Asia, and Australia, by collecting data in big 

metropolises (e.g., London, New York, Tokyo, Melbourne), our resulting dataset includes an 

international and truly diverse participant population. Our results highlight that coffee enjoyment 

peaks on spring mornings and coffee is liked best when consumed on Wednesdays. Season-wise, 

coffee ratings are lower in autumn compared to spring, and a similar penalty is observed for noon 

consumption relative to the morning consumption. Drinking coffee from premium cups (ceramic 

and/or glass) and higher prices are associated with higher coffee liking. Furthermore, drinking a 

coffee in the morning from a premium cup is significantly better liked than the same coffee type 

when consumed at noon. Further, the consumed coffee quantity shows diminishing returns, with 

the largest gains in liking identified for those drinking up to 5 cups per day, followed by a 

subsequent decline. The habit of waking-up later is linked to lower coffee liking and is 

concentrated among Boomers and Millennials. Drinking coffee with a lid on the cup during the 

colder seasons is associated with lower coffee liking, as does adding sugar to one’s coffee, and/or 

adding cream to coffee in the evening. Generational heterogeneity is evident in the evaluation of 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 

coffee with milk as a deciding factor: while Gen X, Millennials, and Gen Z participants reported 

significantly higher appreciation for milk-free coffee as compared to Boomers, this gap was 

attenuated when milk was added to the beverage. Collectively, the present findings sketch a robust 

profile for maximising coffee enjoyment, while highlighting substantial temporal and generational 

heterogeneity: moderate intake (4–5 cups/day) of higher-priced, unsweetened coffee, as well as, 

to ensure a maximum liking, keeping one’s coffee milk-free. 

Intriguingly, across all models, season emerges as closely linked to coffee enjoyment: That is, 

relative to spring, coffee liking declines in summer and even more in autumn. Autumn specifically 

lowers the probability of a perfect liking rating, with an evident shift from high to more moderate 

coffee liking scores in the autumn. Seasonal shifts in liking may reflect changes in mood, 

individual preferences, sensory processing, or even sensory offerings. Although seasonal 

variations in food choice/flavour trends are well-documented11,27,28, evidence for seasonal changes 

in taste sensitivity remains limited. For example, only weak seasonal variation in the sensitivity to 

sweet and bitter have been documented29. In addition, shorter autumn daylight has been associated 

with “winter blues”, whereas spring may improve mood, a fact evident in coffee hedonic 

evaluations. Finally, caffeine’s effects may interact with these factors: At low doses, caffeine can 

improve hedonic tone, but at higher doses it increases tense arousal (i.e., anxiety, nervousness, 

jitteriness), potentially dampening the overall enjoyment30. Note though that the present results 

highlight that people’s consumption aligns with the specific recommended (healthy) amount of 3-

5 cups/day4,5. 

Robustness checks preserve this pattern, with the mention that the summer penalty disappears, 

together with a slight attenuation in the autumn effect when the Turkish respondents are not 

included in the analysis. Overall, the seasonal impact is robust across specifications and sample 

composition, yet heterogeneous by cultural context: Spring emerges as the most favourable season, 

whereas autumn is consistently associated with lower coffee liking, most notably among Turkish 

participants and across recruitment country clustering. Seasonal differences in people’s 

preferences and for other diverse food aromas have already been documented11.  

In terms of timing, coffee is enjoyed most on Wednesdays, a result that hints that coffee may 

contribute to ease what Australians call a hump day – the hardest day of the week before getting 

closer to the week-end, or, similarly, as Germans put it – a ‘Bergfest’, a ‘party’ to celebrate the 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 

passage of the first half of the (working) week. In this context, it would be interesting to further 

explore whether Wednesday would also be a liking-day in other gastronomic settings – To the best 

of our knowledge specific weekday(s) haven’t been highlighted in relation to food liking, although 

research has opposed weekdays to weekends for daily energy intake (e.g., weekends/Saturday as 

most unhealthy diet31), or eating disorders32. Average coffee liking in this sample increases as the 

week progresses, aligning with the documented weekend effect in subjective evaluations: Research 

shows that people are likely to make more enthusiasm-based judgments when assessing life 

satisfaction on weekends, as opposed to weekdays33, and this affective shift specifically increases 

ratings for hedonic products34. Furthermore, the time of day when consumption occurs relates to 

coffee enjoyment, with a clear morning advantage that aligns with established consumption habits 

and physiological effects (see also35). Morning coffee is linked to greater alertness, concentration, 

and positive mood and well-being36. In addition, empirical evidence indicates that a morning-type 

rather than all-day coffee drinking pattern is associated with lower risks of all-cause mortality 

relative to non-drinkers6. The results reported here also suggest that coffee liking declines at noon 

and in the afternoon. Even more, a lower likelihood of average coffee ratings at noon/in the 

afternoon and evening was demonstrated. Late-day coffee drinking can suppress melatonin and 

perturb the circadian rhythm of sympathetic activity which may, in turn, diminish hedonic 

appreciation36. Further, Kanjanakorn and Lee37 found that morning and afternoon coffee 

consumers exhibited high-energy positive affect as well as greatest affect changes, while the 

evening group consumers appeared the most content, peaceful, and rested, all positive low-energy 

feelings. By contrast, cultural background influences the coffee liking effect magnitude: Time of 

day effects attenuate when accounting for country clustering and Turkish participants are excluded, 

the evening association vanishing, results consistent with the evidence that coffee occasions and 

contexts vary with traditions and cultural norms9. As such, the social dimension of a coffee break 

as a ritual with a strong relational and communication value is highlighted, with this effect already 

particularly evident in established cultures, such as Italy38,39,40. Taken together, our results indicate 

that morning (particularly in spring) constitutes one of the most favourable contextual 

combinations for coffee enjoyment, whereas noon (particularly in autumn) constitutes one of the 

least favourable. 

Cup lids appear to be consistently linked to lower coffee enjoyment across seasons even more, 

with the lid penalty found to be largest in winter. This result aligns with evidence that a substantial 
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share of flavour perception (estimated at 75–95%) arises from olfactory receptors in the nose41. 

By restricting aroma release, lids attenuate experiencing the full taste of the most popular, or liked, 

of food/beverage aromas42. The results of this research extend prior work by demonstrating a lid-

by-season interaction. We also find that premium cups (ceramic, glass) are positively associated 

liking relative to plastic, paper, or metal cups, thus confirming previous evidence15,16. Note that 

these effects are amplified when Turkish participants are included, suggesting that cultural context 

has an impact on the magnitude of the effect43. The premium cup advantage disappears when 

coffee is consumed at noon, as compared to mornings. The morning coffee ritual is well-

documented in the literature44, and with the drinking receptacle as a necessary part of the 

multisensory coffee drinking experience15, at noon, the coffee consumption related to a snack or a 

break or an after-lunch experience often has more of a social dimension (i.e., creating a moment 

to exchange with other persons45).   

These results further indicate that adding that adding cream/creamer in the evening and/or adding 

sugar to one’s coffee is associated with a lower overall liking and the lower likelihood of a perfect 

coffee rating. This result seems counterintuitive, given the evidence that coffee-flavoured 

beverages with higher sugar and medium-high milk content tend to be most liked46,47. However, 

Cornelis and van Dam48 demonstrate that the psychostimulant effects of caffeine outweigh the 

bitterness of caffeine. Nevertheless, the added-sugar-less-liked-coffee effect found in our data may 

simply reflect the well-known preference for the sweet taste: People will add sugar to their coffee 

to reduce the expected coffee bitterness. Importantly, these effects are heterogeneous. Note though 

that our sample reflects the population of coffee drinkers, as data collection took place in coffee-

drinking environments. Participants who gave less than perfect ratings display a stronger aversion 

to black coffee. Moreover, the addition of milk is associated with higher mean liking scores, while 

simultaneously reducing the probability of achieving maximum liking ratings. Milk fat may act as 

a protective layer against black coffee aversion, by altering bitterness through potential partitioning 

mechanisms49. Relatedly, the enjoyment of coffee with added ingredients declines progressively 

throughout the week, whereas black coffee preferences remain stable. Indeed, when people are 

cognitively depleted, such as might happen as the workweek progresses, enjoyment of complex-

flavoured foods drops50. In addition, a generational difference is observed in the evaluation of 

coffee consumed without milk, with Gen X, Millennials, and Gen Z reporting significantly higher 

coffee appreciation as compared to Boomers. Nevertheless, the addition of milk evens out coffee 
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preference across all generational cohorts. Interestingly, adding milk is associated with an increase 

in the average reported coffee liking, as well as with a lower likelihood of a perfect liking rating 

for the consumed coffee.   

In accordance with the well‐known price–quality signalling relationship, our findings highlight 

that higher price associates with greater coffee enjoyment51, particularly by increasing the 

likelihood of awarding perfect liking scores to the consumed coffee, at least when consumers know 

the price (e.g., blind tests do not necessarily favour expensive wines52). Whereas our data links 

coffee enjoyment with higher-priced (typically speciality) coffee, note that expensive wines also 

appear to be eliciting a negative-type of affect53, suggesting that the specific drink consumed 

determines (the direction of) the price-quality effect. Coffee enjoyment is also modulated by 

contextual factors. Consider, for example, the tempo of music playing in the background54 or even 

the coffee size (e.g., the Starbucks coffees have 3-4 times the size of a regular coffee consumed 

elsewhere). Neuroimaging evidence supports an expectation-based (marketing placebo) 

mechanism. For example, two samples of the same wine result in a greater experienced 

pleasantness for the higher priced one (see52, for a review). It has been argued that the decision-

making and motivation brain centres play a pivotal role in such price biases, with the medial 

prefrontal cortex appearing to integrate price information into evaluative judgements, and the 

ventral striatum – central to reward and motivation – tracking the hedonic experience55. Taken 

together, a higher price acts as an indicator of quality that increases enjoyment on average, but 

how this indicator works differs depending on the outcome (overall ratings versus perfect ratings). 

Such findings are especially relevant in the context of current increase in coffee prices56,57 that may 

determine a further (and yet novel) shift in customers’ purchasing and enjoyment of the much-

appreciated drink58. 

Our finding that coffee liking is positively linked to the number of cups consumed (but, 

nevertheless, with diminishing returns beyond 5 cups) is in line with the established theory and 

evidence and official dietary guidelines. Such a result is an exemplification of the Economics law 

of diminishing marginal utility, which states that each additional unit of a good yields less added 

satisfaction. The first cup of coffee thus provides the largest enjoyment boost, with each 

subsequent cup adding less enjoyment. In fact, this pattern is consistent with the safety guidance: 

The European Food Safety Authority (EFSA) Panel on Dietetic Products, Nutrition and Allergies59 

posited that habitual caffeine intake of up to 400 mg/day does not raise safety concerns, whereas 
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higher intakes can provoke anxiety, restlessness, and sleep disruption, effects that could curb 

additional enjoyment from the consumption of extra coffee. Moreover, heavy coffee consumption 

was associated with a 4% reduced likelihood of sustained happiness over time, whereas moderate 

intake was associated with a slightly higher likelihood of sustained optimism60. Notably, the 

present study association between daily coffee consumption and coffee liking is nearly eight times 

stronger for perfect liking scores, as compared to less-than-perfect ratings attributed to momentary 

consumed coffee. 

Finally, our analysis reveals a link between waking time and coffee enjoyment, with generation-

specific patterns. In general, earlier rising is associated with higher coffee ratings. Among Baby 

Boomers, each additional hour of sleep corresponds to roughly a 6 percentage points decline in 

overall liking, whereas among Millennials, later wake-ups reduce the probability of assigning a 

perfect rating by about 1 percentage point. Note that the present results link the habitual pattern of 

waking up at a later time to an identified decline in coffee liking; the specific waking hour for the 

day when the sampled coffee was consumed was not recorded/analysed here. Nevertheless, these 

findings are consistent with evidence that the so-called morningness increases with age and is 

positively related to well-being61, suggesting that alignment between one’s circadian preference 

and coffee-drinking routine may facilitate more favourable hedonic evaluations. 

Several potential limitations of the present study must be acknowledged. First, our ecologically-

valid citizen-science approach is based on self-report, potentially susceptible to reporting biases. 

Second, the urban provenience largely predominant in our dataset may limit the generalisability of 

our results to other rural and/or less industrialised contexts. Third, even though observed patterns 

identify significant associations between product-specific, habits, demographic, and contextual 

factors and coffee liking within this sample and are strongly supported by theory, the cross-

sectional nature of the data limits the possibility of inferring causality. Further, with 

acknowledgement of the important selection of factors involved in coffee liking in the present 

study, further specialised sensory characteristics of the consumed coffee itself (e.g., roast profile, 

aroma intensity, acidity, origin) were not experimentally controlled, and thus leave open questions 

about how specific intrinsic coffee attributes interact with diverse extrinsic contextual variables. 

Finally, participants’ psychological states, relevant/not for coffee consumption (e.g., mood, stress, 

fatigue) were not assessed in the study, and they may have impacted the overall coffee liking 

experience.  
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Taken together, the present study presents a comprehensive investigation of the diverse factors 

associated with the enjoyment of a cup of coffee, including consumer and coffee characteristics, 

typical habits in relation to the consumed coffee and the context in which coffee is consumed. 

Considering the large multi-country coffee consumer population that contributed to the present 

conclusions, the present work highlights a multi-dimensional expression of those specific factors 

that make us enjoy a cup of coffee, as these are collectively influenced by psychology, culture, and 

economic context, and by the coffee itself. Building on our results, future research needs to 

integrate longitudinal ecological momentary assessment personalised designs to capture 

fluctuations in coffee enjoyment across time and contexts. As a theoretical bridging between the 

economics of utility, crossmodal perception, and (chrono-)nutrition, the enjoyment of a cup of 

coffee could thus be further modelled as a function of the dynamic interaction between temporal 

(e.g., time of day, season, weekday), sensory (e.g., flavour, aroma, temperature), behavioural 

(consumption habits), and any further psychosocial determinants (e.g., traditions, norms), with 

consideration of any known and relevant cross-beverage consumption insights (e.g., tea, chocolate, 

wine). 

 

Methods 

Participants 

An a priori power analysis based on a logistic regression approximation (OR = 1.5, α = 0.05, 

power = 0.95, baseline probability = 0.30, π = 0.80) indicated a minimum sample of N = 1,807 

(G*Power 3.162,63). An additional post hoc power analysis based on logistic regression confirmed 

that our sample provides a power of 0.90 to detect the observed effects, exceeding the conventional 

threshold for adequate statistical power (0.80). A total of 3,004 participants took part in this study 

voluntarily. The sample included 1,212 male participants (mean age of 35 years, SD = 13 years, 

age range 14–83 years), 1,770 female participants (M = 30 years, SD = 11, age range 12–78 years), 

and 22 participants who did not declare their gender (M = 31, SD = 12, age range 19–68 years). 

Data from several individuals was excluded during data pre-processing, such that the final dataset 

considered in the analysis comprised data from 2,987 validated respondents. The dataset was 

refined by excluding those participants with non-numerical reported wake-up times, typically 

waking up outside the 4–11 a.m. range (N = 2). Further, taking into consideration participants’ 

reported price paid for their coffee, we excluded those participants having paid more than 30 
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international dollars (PPP-adjusted, N = 15); see Figure S1 in Supplementary Information for the 

price distribution highlighted outliers. The participants were recruited via flyers presented to the 

clients of various coffee shops (see Supplementary Information for a list of the coffee shops and 

all the nationalities reported in the study) as well as through notices placed across several 

university campuses, in the vicinity of coffee shops (convenience sampling; see Table 1 for 

responder characteristics). Participation was not limited to one single time/cup of coffee. However, 

we consider the likelihood of participants submitting multiple responses to our survey exceedingly 

low. Participants were not paid for their involvement. The study was approved by the Ethics Board 

of the Alexandru Ioan Cuza University of Iasi, Romania (no. 245/09.02.2024). This study 

conforms to the Declaration of Helsinki and to all subsequent amendments (Declaration of 

Helsinki, 1964, 2013). 

 

Apparatus and Materials 

The study was based on a 3-minute survey created in Google Forms, sent via various adverts and 

QR-codes, and subsequently completed by our participants on their personal mobile devices. The 

survey first introduced participants to the scope of the study and data handling. Participants were 

also informed that the survey questions should be answered while drinking their current coffee. 

Once they gave their informed consent, the participants were presented with three sets of questions: 

(I) the Demographics section, including questions on age, gender, location (reported as city, coffee 

place), nationality, and whether a coffee professional (e.g., barista, roaster) or not; (II) the Current 

Coffee section, including questions on diverse extrinsic qualities regarding the current coffee (e.g., 

whether the coffee was consumed while sitting, standing, or while walking, alone or with at least 

one other person, or whether the coffee cup had a lid on), intrinsic qualities of the present coffee 

(e.g., whether the coffee was consumed black, decaffeinated, and/or with the addition of either 

sugar, milk, cream, ice, caramel, or cocoa), the coffee price (open answer), coffee Liking (visual 

analogue scale, VAS, from 1 not at all to 10 very much), time of day when the coffee was 

consumed (morning, noon/afternoon, or evening, after 6pm), and the material from which the 

coffee cup was made (e.g., ceramic, glass, metal, paper, or plastic); (III) the Habits assessment 

section, including questions surveying responders’ typical waking time (e.g., with responses from 

4 am to 11 am), the amount of hours slept each night (e.g., 4 in hourly increments to 12 hours), 

together with several measured from 1 (very rarely) to 10 (very often) VAS questions individually-
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targeting specific coffee-related habits (e.g., drinking decaffeinated coffee, drinking coffee while 

lying in bed, by slurping it, on the go (standing), or sitting), responders’ usual choice from intrinsic 

coffee qualities (e.g., it was consumed black, decaffeinated, and/or with the addition of either 

sugar, milk, cream, ice, caramel, cocoa), the number of coffees consumed each day (e.g., from 1 

to 10), and the coffee they enjoyed most (e.g., the first coffee of the day, the after-lunch coffee, 

the after-dinner coffee, or the coffee consumed during a break). A separate question interrogated 

respondents as to whether they considered themselves more of a ‘coffee’ or a ‘tea’ person. One 

final question presented participants with a choice of several coffee cups and asked them to choose 

the one they considered best for drinking coffee. See the English version of the questionnaire at 

the following link: https://forms.gle/ezB3FiMhHZUaUp3w9. 

 

Procedure 

The survey was designed to assess several open questions with respect to demographics and habits 

around coffee consumption (see the Materials section). Google translate was used to translate the 

original English language questionnaire into several other languages (i.e., Italian, Japanese, 

Brazilian Portuguese, Romanian, Spanish, and Turkish). Several native speakers verified and 

adjusted the resulting translations for exact meaning and their similarity to the original text. A 

Google Form survey was created for each language of the questionnaire, assuring equivalence in 

all details of the survey. A visual designer created the visual images of the cups used in the last 

question of the questionnaire, as well as a flyer/poster advert which was used for promotion in 

each of the used languages.  

Several coffee shops were contacted and agreed to promote our study amongst their clients. A 

convenience sample of coffee venues in countries covering both the Northern and Southern 

hemisphere was selected, as well as both coffee producer and consumer countries. The study 

includes the data collected between April 2024 and February 2025. See Supplementary 

Information for a list of participating coffee shops.  

 

Data analysis 

The collected dataset was split according to the experimental questions. For the purposes of the 

present study, the focus falls on participants’ current coffee appreciation. The considered dataset 

comprises 29 explanatory variables, including: a) the individual socio-demographic characteristics 
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(e.g., age, generation, gender, nationality, country development, type of country – coffee 

producer/not, type of consumer – regular/professional coffee worker); b) reported characteristics 

of the coffee consumed while filling in the study questionnaire (intrinsic qualities [e.g., cocoa, 

caramel, cream, decaffeinated, ice, milk, sugar, black coffee]; total intrinsic qualities [i.e., total 

added ingredients], Purchasing Power Parity (PPP)-adjusted price, type of cup), c) several general 

coffee consumption habits (extrinsic qualities [e.g., lid on/not, consumed alone, consumed with 

company, while sitting, while standing, while walking]), and d) several general consumer and 

participants’ sleep-related variables (e.g., season, time of day, weekday, wake-up hour, hours of 

sleep, reported number of coffees consumed per day). 

 

Information-theoretic data exploration  

One of the first steps taken during data exploration was to visualise data and to evaluate the 

importance of each variable in the proposed dataset for the prediction of coffee Liking. As such, 

an information-theoretic approach was used, based on entropy and measures of information gain64. 

To compute the entropy, the variable Liking was discretised into six categories: low liking (1-4) – 

6.41% of responses, medium liking (5-6) – 9.74% of responses, medium-to-high liking (7) – 

12.96% responses, high liking (8) – 21.99% responses, very high liking (9) – 16.12% responses, 

and perfect liking (10) – 32.77% responses. 

Specifically, to compute entropy, for 𝐿𝑖𝑘𝑖𝑛𝑔𝑖  with the identified 6 possible states, each having the 

corresponding probability of 𝑝(𝐿𝑖𝑘𝑖𝑛𝑔𝑖), the average amount of information gained from the 

component measurement (𝐿𝑖𝑘𝑖𝑛𝑔𝑖 = 𝐿𝑖𝑘𝑖𝑛𝑔1, …, 𝐿𝑖𝑘𝑖𝑛𝑔6), entropy 𝐻𝑆(𝐿𝑖𝑘𝑖𝑛𝑔) was calculated 

considering Shannon’s formula65 as in equation 1: 

𝐻𝑆(𝐿𝑖𝑘𝑖𝑛𝑔) = − ∑ 𝑝(𝐿𝑖𝑘𝑖𝑛𝑔𝑖) log2[𝑝(𝐿𝑖𝑘𝑖𝑛𝑔𝑖)]6
𝑖=1                                              (1) 

Additionally, for each 𝑋  predictor variable from the dataset, we calculated the corresponding 

conditional entropy in equation 2: 

𝐻(𝐿𝑖𝑘𝑖𝑛𝑔|𝑋) = ∑ 𝑝(𝑥𝑗)𝐻(𝐿𝑖𝑘𝑖𝑛𝑔|𝑋 = 𝑥𝑗)𝑚
𝑗=1                                                 (2) 

Where m is the number of distinct values of predictor X, 𝑝(𝑥𝑗) is the probability of 𝑥 taking value 

𝑥𝑗, 𝐻(𝐿𝑖𝑘𝑖𝑛𝑔|𝑋 = 𝑥𝑗) is the entropy of Liking given 𝑋 = 𝑥𝑗. 
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Further, information gain (IG) was computed to identify those variables from the dataset that 

provided the most meaningful reduction in uncertainty when predicting individual coffee liking 

scores, with the formula in equation 3: 

𝐼𝐺(𝐿𝑖𝑘𝑖𝑛𝑔, 𝑋) = 𝐻(𝐿𝑖𝑘𝑖𝑛𝑔) −  𝐻(𝐿𝑖𝑘𝑖𝑛𝑔|𝑋)                                                  (3) 

Note that while IG provides a useful measure to assess a variable’s importance, it tends to favour 

those variables discretised in many values/categories. With this consideration in mind, we further 

derived, for each variable, the gain ratio, by normalizing the IG by the entropy of the predictor 

variable itself. Specifically, the gain ratio is defined as in equation 4: 

𝐺𝑎𝑖𝑛𝑅𝑎𝑡𝑖𝑜(𝐿𝑖𝑘𝑖𝑛𝑔, 𝑋) =
𝐼𝐺(𝐿𝑖𝑘𝑖𝑛𝑔,𝑋)

𝐻(𝑋)
                                                                 (4) 

Where 𝐻(𝑋) is the entropy of a given predictor variable 𝑋, also known as split information. 

 

Group-based data exploration 

In a second pre-processing step, for each of the considered variables (i.e., generation, season, 

weekday, time of day, type of coffee cup, added ingredients, number of coffees consumed), one-

way Welch’s analyses of variance (ANOVAs) were conducted to identify any differences in coffee 

preferences across groups (alpha level of .05 was selected). Partial η2 was used as effect size for 

the one-way ANOVAs. Levene’s test of equality of error variances was used to assess 

homogeneity of variances and any identified significant main effects were followed-up with 

Games-Howell post-hoc tests.  

 

Complementary regression approaches to predict coffee Liking 

In the next data analysis steps, the modelling strategy used a sequence of complementary 

regression frameworks, including: (1) a series of fractional response (FR) models for prediction in 

a hierarchical framework, with a logit link for the conditional mean for coffee Liking, and (2) a 

Zero-One Inflated Beta (ZOIB) model, to determine if the drivers of coffee Liking are uniform 

across the used scale. These models were followed by two control analyses, with (3) a robustness 

analysis using linear mixed-effects model with random intercepts for recruitment countries, to 

account for any spatial dependencies and structural recruitment imbalances, and (4) a sensitivity 

analysis where the primary FR models were re-estimated with the exclusion of the dominant 
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geographical subsample (Turkey), to verify the stability of our findings. Specifications for each of 

the performed models are further detailed below: 

(1) To determine the factors that influence the overall level of coffee preference, the data analysis 

started by estimating a FR model. The dependent variable, coffee Liking, is measured on a bounded 

scale from 1 to 10 and has a high concentration of observations at the upper extreme: Specifically, 

coffee Liking is significantly left-skewed, with 70.88% of values at 8 or higher, and 32.77% at the 

maximum value of 10; see Figure 1. This observed distributional pattern classifies it as a corner 

solution response, where values are non-negative, follow a roughly continuous distribution over 

the positive range, yet are strongly clustered at the upper boundary66. Skewness gives high-

leverage observations and increases the likelihood of nonlinear relationships between explanatory 

variables and coffee Liking67,68. Not considering the continuous, yet bounded, highly skewed and 

non-linearity specific of the data may lead to biased parameters and sensitivity to distributional 

misspecification69,70. Then, to achieve robustness against potential distributional errors, a quasi-

likelihood estimation approach warrants the consistency of coefficient estimates, irrespective of 

the true underlying conditional mean distribution71.  

As such, the coffee Liking scores were re-scaled to fit within the required 0-1 range with the 

transformation Liking = (Liking - 1) / 9, while preserving the dependent variable relative 

distribution and allowing to be modelled as a bounded outcome. By consequence, the 1–10 Liking 

scale is considered in the analysis as a proportion of the maximum possible score or preference 

intensity. In this context, the FR logit model for coffee Liking across full preference spectrum can 

thus be formally expressed as in equation 5:  

E(y|𝐱) = G(xi𝛃) ∀I                                                                                            (5) 

With the response variable, the transformed Liking score (scaled and considered in the [0,1] range), 

𝐺(. ) is the logistic cumulative distribution function with 0 < 𝐺(𝑧) < 1, ∀𝑧 ∈ ℝ, 𝐺(𝑥) ≡ Λ(𝑧) ≡

exp (𝑧)

1+exp (𝑧)
 and 𝐺(𝑥) ≡ Φ(𝑧), where Φ(. ) is the standard normal cdf,  𝑥𝑖 = (𝑥𝑖1, … . 𝑥𝑖𝑝) is a 𝑝 × 1 

vector that contains the values of the covariates, 𝛽 = (𝛽1, … , 𝛽𝑝)′ is a 𝑝 × 1 vector of parameters 

to be estimated. 

To ensure the inclusion of all participants, robust standard errors are reported. Further, to account 

for the nested structure of the data, robust standard errors are used at the cluster level, by taking 

the country of recruitment as the clustering variable. This approach relaxes the assumption of 
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independence between observations, recognizing that within the same national market, consumers 

may share unobserved cultural, sensory, and/or environmental traits, that influence coffee 

preference. For the purpose of variance estimation, clustering was thus limited to the main nine 

recruitment countries where N > 30. This threshold was set to ensure sufficient variation within 

one considered cluster for the estimation of the variance-covariance matrix. As such, the FR logit 

models with both robust standard errors (N = 2,466) and robust standard errors clustered by 

recruitment country (N= 2,411) were included in the analysis of product-specific, habits, 

demographic, and contextual factors related to the reported coffee Liking. This analysis follows a 

hierarchical specification strategy that is used in all the reporting of the results, including: a 

Baseline specification, where we analyse the participant behaviour to answer our experimental 

question, i.e., What makes us enjoy a cup of coffee?, a Temporal specification, including 

interactions that explore how temporal factors are related to coffee liking, and a Demographic 

specification that addresses generation heterogeneity to investigate whether generational cohorts 

change the patterns. 

(2) To account for the clustering of observations at the highest score (Liking = 10), a Zero-One 

Inflated Beta (ZOIB) model72 was performed. The ZOIB regression accounts for the presence of 

mass points at 0 and 1 by allowing these extreme proportions to arise from processes distinct from 

those generating intermediate values73,74. The model consists of two logistic regressions to predict 

whether the proportion equals 0, zero-inflate, or 1, one-inflate, and one beta regression model to 

capture outcomes within the open interval (0, 1). This framework yields consistent and unbiased 

parameter estimates75. Given the significant ceiling effect, as compared to the relatively few floor 

responses found in the present dataset (i.e., 32.77% at Liking =10 vs. 1.43% at Liking=1), a full 

set of main predictors for the one-inflation component and the continuous beta distribution is 

specified. Further, to ensure model convergence and prevent overfitting of the rather rare zero-

valued observations, the zero-inflation component is modelled only with the constant.  

(3) As a robustness check, a multilevel linear mixed (MLM) regression was estimated to further 

address potential convenience-based recruitment dependencies. For this, random intercepts at the 

country level were used, to account for unobserved heterogeneity across recruitment clusters. By 

applying the MLM to our hierarchical framework, the analysis assesses whether fine-grained 

contextual associations, such as time of day, weekday, or seasonal patterns remain robust when 

accounting for recruitment country clustering. The model specification is as follows in equation 6: 
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 𝐲 = 𝐗𝛃 + 𝐙𝐮 + 𝛜                                                                                                   (6) 

Where 𝐲 is the 𝑛×1 vector of responses, 𝐗 is an 𝑛× 𝑝 design/covariate matrix for the fixed effects 

𝛃, and 𝐙 is the 𝑛 × 𝑞 design/covariate matrix for the random effects 𝐮. The 𝑛×1 vector of errors 𝛜 

is assumed to be multivariate normal with mean 0 and variance matrix σϵ
2𝐑.  

(4) Lastly, an additional sensitivity analysis was conducted to verify the robustness of our findings. 

Given the substantial representation of Turkish participants in the sample (N = 1,058 in the full 

dataset), the main FR interaction model was re-estimated after excluding all data collected in 

Turkey (N = 871 observations with non-missing price), to assess the generalizability of the results. 

Akaike Information Criterion (AIC) was used as a metric of model fit, with pseudo-R² reported for 

descriptive purposes. For each FR model we report joint Wald tests for the factors, with Holm–

Bonferroni corrections applied to main effects, and the Benjamini–Hochberg false discovery rate 

(FDR) reported for interaction blocks. Analyses were conducted using Stata/BE version 19.0 

(STATA Corp., College Station, TX, US) and JASP (version 0.19.376).  

 

Data availability 

The dataset analysed in the current study is not currently publicly available. The present dataset is 
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manuscripts, including one specific dataset manuscript focusing on the publishing of the data 

collected in the entire dataset. With the publication of the general coffee dataset, the dataset 

analysed in the present manuscript will be public and available from the corresponding author on 

reasonable request. 
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Figure legends 

 

Figure 1. Histogram of the coffee liking (counts). N = 2,987. 

   

Figure 2. Frequency of reported (a) intrinsic qualities and (b) extrinsic qualities, for the coffee 

cup consumed by participants while they were filling in the survey. N = 2,987. 

 

Figure 3. Coffee Liking scores, means ± 95% CIs, split according to the nationality reported 

by the participants. Nationals of countries accounting for less than 1% of the sample are 

aggregated under the category “Other” (67 countries, N = 344). Those participants who reported 

more than one nationality (N = 34), were considered in analysis with their first reported 

nationality.  

 

Figure 4. Predictors of coffee liking the fractional response (FR) regression conducted with 

robust standard errors, clustered by recruitment country for (a) the Baseline model, (b) the 

Temporal interaction model, and (c) the Demographic interaction model. Diamonds represent 

estimated average beta coefficients, with errors bars denoting 95% CIs. Negative coefficients 

indicate coffee dislike. The red vertical line indicates statistical significance, i.e., any depicted 

error bar which crosses the red line is statistically non-significant. N = 2,411. 

 

Figure 5. Factors influencing conditional mean coffee liking scores, i.e., 0 < rescaled coffee 

liking < 1 (a) and the probability of a perfect coffee liking score, i.e., rescaled coffee liking = 1 

(b). Diamonds represent estimated average beta coefficients, with errors bars denoting 95% 

CIs. Negative coefficients indicate coffee dislike. The red vertical line indicates statistical 

significance, i.e., any depicted error bar which crosses the red line is statistically non-

significant. N = 2,466. 

 

Figure 6. Predictors of coffee liking from the multilevel linear mixed model (MLM) with 

random intercepts at the recruitment level for (a) the Baseline model, (b) the Temporal 

interaction model, and (c) the Demographic interaction model. Diamonds represent estimated 

average beta coefficients, with errors bars denoting 95% CIs. Negative coefficients indicate 

coffee dislike. The red vertical line indicates statistical significance, i.e., any depicted error bar 

which crosses the red line is statistically non-significant. N = 2,411. 

 

Figure 7. (a) Predictors of coffee liking from the main fractional regression (FR) model with 

demographic interaction terms, estimated on the full sample including Turkey (clustered 

standard errors), N = 2,411, AIC = 2404.96; (b) FR estimation without the Turkey data 

(clustered standard errors). N = 1,586, AIC = 1513.595. Diamonds represent estimated average 

beta coefficients, with errors bars denoting 95% CIs. Negative coefficients indicate coffee 

dislike. The red vertical line indicates statistical significance, i.e., any depicted error bar which 

crosses the red line is statistically non-significant. 
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Tables and associated legends 

 

Table 1. Survey summary statistics, counts (percentage). 

 Study sample 

Language of the completed questionnaire N = 2,987 

English, n (%) 1,006 (33.68) 

Spanish, n (%) 269 (9.01) 

Italian, n (%) 37 (1.24) 

Japanese, n (%) 135 (4.52) 

Portuguese, n (%) 76 (2.54) 

Romanian, n (%) 411 (13.76) 

Turkish, n (%) 1,053 (35.25) 

Generationa N = 2,983 

Boomers, n (%) 113 (3.79) 

Generation X, n (%) 416 (13.95) 

Millennials/Generation Y, n (%) 1,102 (36.94) 

Generation Z, n (%) 1,352 (45.32) 

Gender N = 2,987 

Female, n (%) 1,761 (58.96) 

Male, n (%) 1,204 (40.31) 

Other, n (%) 22 (0.74) 

Country developmentb N = 2,979 

Emerging and developing economies, n (%) 1,965 (65.96) 

Advanced economies, n (%) 1,014 (34.04) 

Coffee-producing countryc N = 2,979 

Producer, n (%) 597 (20.04) 

Non-producer, n (%) 2,382 (79.96) 

Type of consumer N = 2,987 

Professional barista/roaster, n (%) 244 (8.17) 

Regular consumer, n (%) 2,743 (91.83) 

Seasond N = 2,987 

Spring, n (%) 141 (4.72) 

Summer, n (%) 1,460 (48.88) 

Autumn, n (%) 988 (33.08) 

Winter, n (%) 398 (13.32) 

Weekdayd N = 2,987 

Workweek, n (%) 2,161 (72.35) 

Weekend, n (%) 826 (27.65) 

Time of dayd N = 2,987 

Morning, n (%) 1,192 (39.91) 

Noon/Afternoon, n (%) 1,355 (45.36) 

Evening, n (%) 440 (14.73) 

Type of cupd N = 2,987 

Plastic, n (%) 281 (9.41) 

Paper, n (%) 406 (13.59) 

Metallic, n (%) 35 (1.17) 

Ceramic, n (%) 1,689 (56.55) 

Glass, n (%) 576 (19.28) 

Number of coffees consumed per daye N = 2,987 

1-2 cups, n (%) 1,805 (60.43) 
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3-5 cups, n (%) 1,051 (35.18) 

More than 5 cups, n (%) 131 (4.39) 

Hours of sleepf N = 2,987 

Less than recommended, n (%) 682 (22.83) 

As recommended, n (%) 1,883 (63.04) 

More than recommended, n (%) 422 (14.13) 

Waking hourg N = 2,925 

Before typical average waking time, n (%) 451 (15.42) 

Average waking time, n (%) 2,125 (72.65) 

After typical average waking time, n (%) 349 (11.93) 

Notes: a As discretised from standard generational split usage: Boomers born 1946 – 1964; Generation X born 1965 – 

1980; Generation Y or Millennials born 1981 – 1996; Generation Z born 1996 – 2012. See 

https://www.pewresearch.org/short-reads/2019/01/17/where-millennials-end-and-generation-z-begins/, 

https://en.wikipedia.org/wiki/Generation.    
bAs derived from participants’ reported nationality. Variable discretised according to World economic outlook 2024 

- International Monetary Fund, https://www.imf.org/en/Publications/WEO/Issues/2024/10/22/world-economic-

outlook-october-2024 
b As derived from participants’ reported nationality. Producer countries: Bolivia, Brazil, China, Colombia, Cuba, 

Dominican Rep., Ecuador, El Salvador, Ethiopia, Guatemala, India, Indonesia, Kenya, Malaysia, Mexico, Peru, 

Philippines, Thailand, USA, Venezuela, and smaller scale producers, including Bangladesh, Ghana, Grenada, New 

Zeeland, Nigeria, Portugal, Saudi Arabia, Singapore, South Africa, Spain, and Taiwan. Variable discretised according 

to Foreign Agricultural Service, https://www.fas.usda.gov/data/production/commodity/0711100 
c As derived from participants’ responses with respect to the coffee they were drinking at the time of filling in the 

questionnaire. 
d According to European Food Safety Authority - https://www.efsa.europa.eu/en/topics/topic/caffeine and U.S. Food 

and Drug Administration - https://www.fda.gov/consumers/consumer-updates/spilling-beans-how-much-caffeine-

too-much - i.e., up to 400 mg of caffeine per day for healthy adults (about 3-5 coffee cups). 
e According to American Academy of Sleep Medicine, based on a study on participants aged 18-60 years old22 and 

participants aged 12-17 years old: https://www.sleepfoundation.org/how-sleep-works/how-much-sleep-do-we-really-

need  
f According to Walch et al. (2016)23, the average morning waking time is approximately 7 a.m. Waking patterns 

nevertheless vary by age group, with older individuals (i.e., older than 55 years of age) typically waking up between 

6–8 a.m., while younger individuals (<30 years old) wake up between 7–9 a.m. Therefore, here, the categorial split of 

Wake-up hour was considered in relation to age. Wake-up time was discretized into three categories based on age-

specific hour intervals: early risers included individuals aged ≤30 years who woke up between 4:00–6:00 a.m. and 

those over 30 years of age who woke between 4:00–5:00 a.m.; normal rise time referred to individuals aged ≤30 years 

with wake-up times between 7:00–9:00 a.m. and those over 30 years between 6:00–8:00 a.m.; and late risers comprised 

individuals aged ≤30 years waking between 10:00–11:00 a.m and those over 30 years of age between 9:00–11:00 a.m. 

 

Table 2. Descriptive statistics.  

 Mean  SD Min Max Skewness Kurtosis N  

Coffee Liking (1-10 VAS) 8.11 2.02 1 10 -1.37 4.85 2,987 

Coffee Price (international USD)a 6.37 3.11 .0006 28.43 1.22 6.76 2,522 

Added ingredients (count) 1.20 1.28 0 6 1.24 4.40 2,987 

Number of coffees per day (count) 2.50 1.52 1 10 1.70 7.33 2,987 

Hours of sleep (count) 7.68 1.84 4 12 0.92 3.68 2,987 

Waking hour (hours) 7.41 1.47 4 11 0.32 2.85 2,925 

Age (years) 31.95 11.94 12 83 1.05 3.60 2,983 
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Note: a Coffee price was adjusted using World Bank24 PPP conversion factors for private consumption (LCU per 

international $), corresponding to the country where the coffee was consumed and the economic context occurred. 

The most recent available data was used for each country (i.e., 2024, though note that 2021 was used for Argentina, 

as more recent figures were unavailable). 
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