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Abstract 1 

Objective: The marketing of foods and non-alcoholic beverages (hereafter: food) high in fat, salt, 2 

and/or sugar (HFSS) is implicated in the development of poor dietary habits, overweight, and 3 

obesity. Digital media, including videogame livestreaming platforms (VGLSPs), are an increasingly 4 

prominent source of food marketing exposure, particularly for young people. This study aimed to 5 

experimentally examine the impact of food marketing via VGLSPs on eating behaviour in young 6 

people.  7 

Design: A between-subjects randomised controlled trial (RCT) design was used to explore the impact 8 

of exposure to HFSS food marketing in a videogame livestream (a static food banner advert present 9 

throughout the footage) on immediate consumption of the marketed snack and an “alternative 10 

brand” of the same snack in a sample of adolescents (N = 91, Mage = 17.8, 69% female). Relationships 11 

with food-advertising-related attentional bias and inhibitory control in relation to branded food cues 12 

were also examined. 13 

Setting: University Psychology laboratory. 14 

Results: Exposure to HFSS food marketing, compared with non-food marketing, did not significantly 15 

impact immediate marketed or overall snack intake. Additionally, no significant effects for 16 

attentional bias or inhibitory control were found. However, although the overall model was non-17 

significant, greater weekly use of VGLSPs was significantly associated with greater marketed snack 18 

intake. 19 

Conclusions: Findings suggest that while acute exposure to food marketing in VGLSPs did not impact 20 

snack intake, perhaps more sustained exposure is impactful. Further exploration of this effect is 21 

needed, as well as studies investigating the potential impacts of other food marketing formats within 22 

VGLSPs. 23 
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Introduction 44 

The marketing of HFSS food has been implicated in the development of poor dietary habits, 45 

overweight and obesity, which has serious consequences for health (1). In recent years, major food 46 

brands have expanded focus from traditional media to digital media as an outlet for food marketing 47 

(2). This focus has included new and emerging digital platforms, such as videogame livestreaming 48 

platforms (VGLSPs) (3, 4). 49 

An influencer is an individual with a large following in one or more niches (e.g., gaming). A 50 

VGLSP is a platform where streamers or “gaming influencers” can broadcast live videogame content 51 

to their audience online. The top VGLSP globally is Twitch, which has 78% of the market share in 52 

terms of hours watched (5), and averages over 2.8 million concurrent viewers (6). A large majority of 53 

UK adolescents use video-sharing platforms (98%), play videogames online (76%), and watch 54 

livestreams (73%) (7). Streamed games on Twitch also include those popular with young people, such 55 

as Fortnite and Minecraft (5, 8). 56 

Streamers advertise brands and products, often simultaneously, in a variety of ways on 57 

VGLSPs. Common in-stream advertising placements include jersey patches (i.e., brand logos on 58 

clothing), product placements (e.g., a streamer consuming a product), and banners (i.e., digitally 59 

overlaid images that can be static or have moving effects applied) (9, 10). In-stream banners are always 60 

visible and unobstructed by gameplay (10). The most frequently marketed food categories (and 61 

brands) on Twitch are energy drinks, fast food restaurants, fizzy drinks, and processed snacks (3, 4).  62 

Recent meta-analyses have demonstrated that exposure to unhealthy food marketing via 63 

television and digital media (social media, advergames) is associated with significant increases in 64 

children and adolescents’ marketed and overall ad-libitum HFSS food intake, relative to no or non-65 

food marketing (11-13). However, the impact of food marketing via VGLSPs specifically is less clear. 66 

There is cross-sectional evidence that recall of food marketing on VGLSPs is associated with greater 67 

consumption of marketed HFSS foods in both 13-18-year-olds and a predominantly young adult (18-68 
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24-year-old) sample (14, 15). Further, a meta-analysis exploring digital marketing techniques of 69 

particular relevance to VGLSPs (digital game-based and social media influencer marketing) found 70 

that exposure was associated with significant increases in children and adolescents’ marketed and 71 

overall HFSS snack consumption, relative to no or non-food marketing (16). However, to date, there is 72 

no experimental research exploring the impact of food marketing via VGLSPs on immediate snack 73 

consumption in young people. It is crucial that we understand how food marketing in various 74 

innovative digital spaces impacts food intake to inform evidence-based policies on unhealthy food 75 

marketing. 76 

Adolescents may be particularly vulnerable to the effects of food marketing (17). Unique age-77 

related developmental vulnerabilities include peer-group influence and identity formation processes 78 

(17). Neurobiologically, psychological mechanisms involved in the regulation of eating behaviour, such 79 

as neural substrates of inhibitory control, are not fully developed until late adolescence, and reward 80 

sensitivity is heightened at this age (17). This means that adolescents may lack the cognitive resources 81 

and motivation to inhibit appetitive responses. Marketing of HFSS foods to adolescents is specifically 82 

designed to take advantage of these unique developmental vulnerabilities (17). For example, 83 

adolescents are targeted by digital marketing that is disguised as entertainment (e.g., via social 84 

media influencers, digital games) which is more difficult to recognise as advertising and resist (17). 85 

Despite this susceptibility, much of the literature on youth food marketing focuses on children (only 86 

18% of existing studies focus exclusively on teenagers (18).  87 

There is also a need to better understand the psychological mechanisms underpinning food 88 

marketing effects, particularly regarding contemporary digital food marketing and young people. 89 

The dual-process model of cognition is a useful theoretical framework for examination of these 90 

psychological mechanisms (19). The model is made up of two separate yet related cognitive 91 

processes: attentional bias and inhibitory control. Attentional bias is defined as the extent to which a 92 

cue (e.g., a food advert) grabs and holds attention. Inhibitory control refers to the ability to suppress 93 
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reward-driven behaviour (e.g., consuming appetitive food). The addiction literature demonstrates 94 

that alcohol and tobacco advertising prime automatic consumption, and that young people are less 95 

able to inhibit this drive to consume (20, 21). However, research exploring this effect in relation to food 96 

marketing is limited.  97 

Existing evidence supports the notion that food marketing would impact an individual’s 98 

cognitive processes. A meta-analysis found considerable evidence that attentional bias towards 99 

food-related stimuli is associated with food craving and intake (22). Moreover, children with a higher 100 

gaze duration (i.e., greater attention bias) for food cues in an advergame ate more advertised snacks 101 

(23). In relation to Twitch users (aged 18-24), higher scores on external food cue reactivity measures 102 

were related to increased odds of craving products seen on Twitch (24). Overall, this suggests that 103 

heightened sensitivity to food-related cues (e.g., food marketing) could play a causal role in 104 

overeating.  105 

Regarding inhibitory control, impairments in ability to suppress reward driven behaviour is 106 

associated with choice and intake of HFSS foods, and obesity (25, 26). Additionally, children who 107 

participated in a go-no-go food task in which the advertised food was consistently associated with 108 

no-go cues (strengthening inhibitory control) were found to consume significantly fewer calories 109 

after playing an advergame promoting energy-dense foods, compared with those who did not 110 

participate in the task (27). Therefore, it would be logical to assert that inhibitory control interacts 111 

with cues from obesogenic environments (e.g., food marketing).   112 

Together, this evidence suggests that increased attentional bias towards food-related cues 113 

and poor inhibitory control are likely to be associated with increased cue-induced food consumption, 114 

as predicted by the dual process model of cognition. The collective effect of attentional bias and 115 

inhibitory control on food-marketing-induced eating is yet to be tested. Moreover, existing studies 116 

assessing their individual impacts have been restricted to food marketing via advergames. Given that 117 
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recent neuroimaging evidence shows that different advertising mediums have unique effects on 118 

neural responses to food cues in children (28), medium-specific food marketing research is warranted. 119 

The current study used a between-subjects RCT to primarily explore the effects of HFSS food 120 

marketing exposure via a mock Twitch stream on immediate snack consumption in a sample of UK 121 

adolescents. The potential moderating role of attentional bias and inhibitory control were also 122 

assessed using computer-based behavioural tasks. The impact of several potential covariates (e.g., 123 

gender, habitual use of VGLSPs) on snack consumption were assessed using questionnaire measures. 124 

Our primary hypothesis was that participants in the experimental condition would have 125 

greater marketed snack intake (kcal), and greater overall snack intake (kcal) than those in the control 126 

condition. We also tested exploratory hypotheses; (i) participants with longer gaze duration towards 127 

the food advert would have a greater marketed snack intake and overall snack intake, (ii) those with 128 

poorer inhibitory control scores would have greater marketed snack intake and greater overall snack 129 

intake in response to the food advert, and (iii) the interaction between attentional bias and 130 

inhibitory control would predict marketed and overall snack intake (specifically, that individuals with 131 

greater attentional bias and poorer inhibitory control would consume the most food in response to 132 

the food advert). 133 

 134 

Methods 135 

The study protocol was pre-registered, including design and analytic plans. The protocol, experiment 136 

materials, and data can be accessed at https://osf.io/u6my3/. 137 

Participants 138 

Sample size was calculated using G*Power. Based on a medium-large effect size of d = 0.6 (related 139 

studies exploring the impact of exposure to HFSS food marketing via social media influencers (29) and 140 

advergames (23) identified a medium-large sized effect on subsequent HFSS food intake) at 80% 141 

https://url.avanan.click/v2/r02/___https:/osf.io/u6my3/___.YXAxZTpjYW1icmlkZ2Vvcmc6YTpvOmQ2YTA3ZWZkMTkwZTU1YjI0NmUwYjQ1NDEwYjcxOTdmOjc6NjRlMTphYTkxYWExNjczMzQwNmYzMzkzNTYzNDNkYTgyOGY2ZTQ0NmFlZWNlNjVkNDI5ZTUzZWQ1ODAxZmQyNDQ4ZWRjOnA6VDpG
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power, the total required sample size for a between-subjects linear model with two groups and two 142 

covariates = 90. While no previous studies have examined the impact of experimental exposure to 143 

food marketing via videogame livestreaming and potential moderators, it is likely that exploratory 144 

two- and three-way interaction effects (e.g., condition*gaze duration*inhibitory control on intake 145 

will be smaller, and therefore the study may be underpowered to detect them) (30). Participants were 146 

identified through direct contact with youth-focused organisations, word-of-mouth, and social 147 

media. The inclusion criteria for participants were: 13-18 years of age, no medical condition(s) which 148 

would have meant they could not abstain from eating for 2 hours (e.g., diabetes), no food allergies 149 

or intolerances, not dieting to lose or maintain weight, and no current or historical eating disorders. 150 

Data were collected January – August 2023 until required sample size was reached. 151 

Design 152 

The study was a between-subjects RCT. Participants were allocated a participant number 153 

and, using a block randomisation schedule (in blocks of 10; www.randomizer.org), were assigned to 154 

either the control (non-food marketing) or experimental (food marketing) condition. Therefore, the 155 

independent variable was marketing condition. Dependent variables were marketed (Doritos) and 156 

overall snack consumption (kcal). Covariates included scores on attentional bias and inhibitory 157 

control measures.  158 

Materials 159 

Mock Twitch streams 160 

One Twitch streamer, 31-year-old male Tyler “Ninja” Blevins (https://www.twitch.tv/ninja) 161 

was selected based on his popularity with young people (8). Therefore, this content was deemed 162 

likely to be typical of what adolescents may encounter when using Twitch, or other similar VGLSPs.  163 

One video (high definition, 1280 x 720 pixels) of Ninja playing Fortnite from 27/07/2022 was 164 

obtained from Ninja’s Twitch channel using the screen-recording and video editing software 165 

https://url.avanan.click/v2/r02/___https:/www.twitch.tv/ninja___.YXAxZTpjYW1icmlkZ2Vvcmc6YTpvOmQ2YTA3ZWZkMTkwZTU1YjI0NmUwYjQ1NDEwYjcxOTdmOjc6YTU5YzowNDQwMThkYjE3ZThhYzJmOTc2YTU4MzZkMTY4Y2RmNjU2MzI5NTdmM2M2MGIxNmYyYzRiZmI4ZDliOWY2ZjYwOnA6VDpG
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Camtasia (TechSmith, MI, US). The video was cropped so that it was 7 minutes in duration (5 166 

minutes of exposure is sufficient to prompt an intake effect in children; (13)). Editing was also used to 167 

overlay a static banner advert designed for the study on each video for the full duration. Both 168 

versions of the video were identical but for the brand and product featured in the banner advert. In 169 

the control videos, the banner advert featured a non-food item (Adidas trainers), and in the test 170 

videos, it was a HFSS snack (Doritos Lightly Salted crisps). Processed snacks are the most frequently 171 

marketed non-perishable food category on Twitch with Doritos representing the top brand in this 172 

category (3). Doritos is also the second leading snack brand in the UK and was therefore likely to be a 173 

familiar brand for our sample (31). Similarly, Adidas is well-known by the UK public (32). Lightly salted 174 

crisps were selected as they are suitable for vegetarians and vegans. No other marketing featured in 175 

the videos. Each banner advert featured the caption “Ninja x [brand]”, which is often used to 176 

designate an influencer x brand collaboration. Visually, this advert is similar to in-stream banners 177 

used on Twitch (e.g., size, location) (9, 16). See Appendix for the video and advertising stimuli used. 178 

Cover story 179 

Eating is a psychological process that can be modified by individuals if they are aware of the 180 

aims of the study (33). Therefore, participants were informed that the study aimed to explore 181 

participant memory in relation to videogame livestreams, to determine which streamers are the 182 

most engaging to watch. Some dummy questions were included in the questionnaire (e.g., “What 183 

colour hoodie was Ninja wearing?”) to make the cover story seem more authentic. The true aims of 184 

the research were not made explicit to the participants until after they completed the study. 185 

Questionnaire 186 

To adjust for potential effects on kcal food intake, a pre- and post- exposure questionnaire 187 

were created. Questionnaire measures were developed and delivered using the web-based survey 188 

tool Qualtrics XM.  189 
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Pre-exposure 190 

Demographics 191 

Participants were asked their age, gender, ethnicity, and residential postcode as a proxy for 192 

socio-economic advantage. Postcode was used to calculate their Index of Multiple Deprivation (IMD) 193 

decile (https://www.fscbiodiversity.uk/imd/). A decile of 1 means the postcode is in the bottom 10% 194 

of the deprivation index.  195 

Time spent on VGLSPs per week 196 

Participants were first asked “Have you ever used a VGLSP? For example: Twitch, YouTube 197 

Gaming, Facebook Gaming”. If [yes], participants were asked how many hours they spend on VGLSPs 198 

(a) on a typical weekday (e.g., a Monday) and (b) on a typical weekend day (e.g., a Saturday). Total 199 

weekly hours were calculated as (typical weekday hours x 5) + (typical weekend day hours x 2). 200 

Test brand liking 201 

Liking of the test food was measured using 100-mm visual analogue rating scales (VAS) 202 

anchored with 0 = really dislike and 100 = really like. Questions followed the format of “how much 203 

do you like [brand]?”. The test brands (Doritos, Tesco, Adidas) were included alongside other brands 204 

that did not feature elsewhere in the study (Nike, Cadbury’s) to disguise study aims. The other 205 

brands were selected based on being well-known by the UK public.  206 

Hunger 207 

Participants were asked “How hungry do you feel right now?” which was responded to on a 208 

VAS anchored with 0 = not at all hungry and 100 = extremely hungry.  209 

Prior streamer and videogame familiarity 210 

https://url.avanan.click/v2/r02/___https:/www.fscbiodiversity.uk/imd/___.YXAxZTpjYW1icmlkZ2Vvcmc6YTpvOmQ2YTA3ZWZkMTkwZTU1YjI0NmUwYjQ1NDEwYjcxOTdmOjc6MDZhYzo1MTc2OTBjODVmOThlMmJlOTNkYWRkOGUxNGEzNzVlZGU1MGI4ODA3MmQ1NjUwYzc2MzdkNDE4MmZjZjJhYWIyOnA6VDpG
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Participants were asked “How familiar are you with… (i) the Twitch streamer 'Ninja'? and (ii) 211 

the videogame Fortnite?” which was responded to on separate VAS anchored with 0 = very 212 

unfamiliar and 100 = very familiar. 213 

Post-exposure 214 

Liking of the stream 215 

Participants were asked “How much do you like the Twitch stream that you just watched?” 216 

which was responded to on a VAS anchored with 0 = really dislike and 100 = really like. 217 

Awareness of marketing 218 

Participants were asked “Did the Twitch stream you watched today have an advert in it?” 219 

with a yes/no response. If [yes], participants were prompted to indicate the brand/product that was 220 

advertised. This question was embedded amongst several “dummy” questions, consistent with the 221 

cover story. Marketing awareness was operationalised as whether the brand and/or product was 222 

correctly identified (0 = no, 1 = yes).  223 

Awareness of study aims  224 

Participants were asked “What do you think the aim of the study was?” with a free-text 225 

response. A response was deemed correct if it referenced the impact of food marketing on snack 226 

consumption (or something to that effect). Awareness of study aims was operationalised as whether 227 

the true aim was correctly identified (0 = no, 1 = yes). 228 

Behavioural tasks 229 

Computer-based behavioural tasks were conducted on a desktop computer using Gazepoint 230 

v.5.1.0 and Inquisit v.5.0.14.0. 231 

Attentional bias 232 
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A portable research-grade eye tracker (GP3 Eye Tracker, Gazepoint) was used to test 233 

attentional bias towards the banner advert in the test video. Data were obtained using a machine-234 

vision camera with a 60Hz sampling rate and 0.5 – 1 degree of visual angle accuracy. The two 235 

versions of the test video were uploaded to Gazepoint, and an area of interest (AOI) was drawn 236 

around the banner advert. The test video was presented on a screen with a 1920*1080 resolution 237 

(16:9 ratio). Participants were seated 55cm from the display screen and an adjustable chinrest was 238 

used to reduce head movement. A 9-point calibration system was used to calibrate the eye tracker 239 

prior to testing, in which an expanding-contracting circle appeared in every position on a screen-240 

wide 3x3 grid of calibration points. Participants were asked to fixate on the circle. The calibration 241 

was repeated if any points did not calibrate successfully. Attentional bias was measured as the 242 

duration of fixations on the AOI (i.e., gaze duration).  243 

Inhibitory control 244 

A cue-specific version of a Stop-Signal task originally developed by Logan et al. (34) was used 245 

to measure inhibitory control. The task was programmed using Inquisit (https://mili2nd.co/l5ac). 246 

Participants were required to press the “D” key in response to food images, and the “K” key in 247 

response to neutral images. However, in some trials a red “X” (i.e., a stop-signal) appeared over the 248 

image shortly after it appeared, which indicated that the response should be withheld. Sixteen 249 

images of branded foods and 16 images of neutral objects (musical instruments) (see Appendix for 250 

images used) were included. Images of branded foods were selected based on the most frequently 251 

advertised food brands on Twitch (3). This was because we were interested in inhibitory control in 252 

relation to HFSS foods that are commonly marketed on Twitch (i.e., “gamer” foods) specifically. The 253 

test brand (Doritos) was not included, to minimise specific priming effects on eating (35, 36). Images of 254 

musical instruments were matched to branded food images in terms of size and colour. The task had 255 

400 trials (200 food images, 200 neutral images), and a stop-signal was presented in 25% of the 256 

trials, consistent with recommendations to ensure reliability (36). Stop signal reaction time (SSRT) was 257 

https://url.avanan.click/v2/r02/___https:/mili2nd.co/l5ac___.YXAxZTpjYW1icmlkZ2Vvcmc6YTpvOmQ2YTA3ZWZkMTkwZTU1YjI0NmUwYjQ1NDEwYjcxOTdmOjc6NzlmMDowMDgwMjIyOTc1YzhjZjg2MGQ5ZmFhZjE5OWI4YzE1MWM5YWI1YTNjMjRhODg0ZWE3MzRjOTNmNDUwYmY2YjNlOnA6VDpG
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calculated using the integration method, and difference in task performance (SSRT) between food 258 

and neutral pictures was calculated as SSRT food cues – SSRT neutral cues, with positive values 259 

indicating worse inhibitory control towards food cues. Participant scores were excluded if specific 260 

parameters were violated (37).  261 

Caloric intake 262 

Consistent with previous studies (29), to measure caloric intake, participants were told they 263 

could have a 5-minute “snack break” and invited to eat ad-libitum from two bowls of tortilla crisps). 264 

Each bowl contained 100g of Doritos Lightly Salted tortilla crisps, but one was labelled “Doritos” and 265 

the other was falsely labelled “Tesco’s” (the largest supermarket chain in the UK). Participants were 266 

verbally informed of the purported brand difference. This approach, used in a similar study (29), 267 

enabled brand-specific intake effects to be disentangled from any general consumption effects of 268 

the marketing. The quantity of crisps (100g in each bowl) was used to avoid ceiling effects (i.e., 269 

participants consuming all the available crisps), and has been used for HFSS food provided to 270 

children in previous food intake studies (29). Crisps were presented in plastic serving bowls and 271 

discreetly weighed pre- and post-intake (out of sight of the participant) to the nearest 0.1g using a 272 

calibrated food weighing scale (Model CPA4202S; Sartorius AG, Germany). Intake was measured by 273 

calculating changes in snack vessel weight. Data were then converted into kilocalories (kcals) based 274 

on the manufacturer’s nutritional information. 275 

BMI 276 

Participant weight was measured to the nearest 0.1kg with a calibrated weighing scale (Seca, 277 

model: 888, Germany), and height was measured to the nearest 0.1cm using a stadiometer 278 

(Leicester Height Measure, Marsden, UK). BMI was calculated as kg/m2 and converted to a 279 

standardised Z score using WHO reference data (38). BMI z-score outliers (< -4 SD or > 8 SD) were 280 

excluded based on the definition from Freedman et al. (39). 281 
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Procedure 282 

The study took place in a Psychology laboratory at the University of Liverpool. All 283 

participants attended one 45-minute session between 9am and 5pm. Informed consent was 284 

gathered prior to the session via Qualtrics. Firstly, participants completed a medical history 285 

questionnaire to confirm that they did not have any food allergies or intolerances. Then, the pre-286 

exposure questionnaire was administered. Secondly, inhibitory control was assessed using the Stop-287 

Signal task. The researcher read the instructions to the participant and gave them the opportunity to 288 

ask questions if they were unsure. After the task was complete, participants were asked to use the 289 

chin rest, and the height was adjusted accordingly. The eye-tracker was then set-up, and participants 290 

were told that they would be watching a short excerpt from a Twitch stream, and that they should 291 

try to pay attention as they would be asked questions about it later. The researcher then played the 292 

appropriate version of the Twitch stream.  293 

Post-exposure, participants were told that they could have a snack break. They were 294 

presented with the bowls of crisps and informed that they could eat as much or as little as they 295 

wanted. The researcher played a neutral Twitch stream (no marketing exposure) on the desktop 296 

computer, and informed participants that they would not be asked questions in relation to this 297 

stream. The researcher then left the room for 5 minutes. After this period, the researcher returned 298 

and collected the bowls of crisps, which were reweighed in a separate kitchen area.  299 

Participants then completed the post-exposure questionnaire. Following this, participant 300 

height and weight (without shoes) was measured and recorded. After the session was complete, 301 

participants were debriefed and informed of the true aims of the study. Participants (and any 302 

attending parent) were given a £5 Amazon voucher as compensation for their time. Participants 303 

were also given the option enter a prize draw to win a £100 Amazon voucher. The winner was 304 

selected using a random number generator and their voucher was emailed to them. 305 

Data analysis plans 306 
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All analyses were conducted using R. Statistical tests level of significance was set at p < 0.05 307 

for main analyses and p < 0.01 for sensitivity analyses.  308 

We used two linear models to assess the impact of condition (food marketing vs. non-food 309 

marketing) on Doritos intake (model 1) and overall intake (model 2). We also assessed the impact of 310 

condition*gaze duration, condition*SSRT and condition*gaze duration*SSRT interactions in both 311 

models. To assess the assumptions of linearity and homoscedasticity, and to identify influential 312 

cases, Residuals vs Fitted, Q-Q Residuals, Scale-Location and Residuals vs Leverage (Cook’s distance) 313 

plots were consulted. To assess normality of residuals, residual histograms and Kolmogorov-Smirnov 314 

tests (p >.05) were inspected. Finally, collinearity was examined using VIF (VIF > 5 is slightly 315 

problematic, VIF > 10 is very problematic; (40)). For both models, sensitivity analyses were performed 316 

by replicating the main analyses (i) after excluding participants aged 19 years and over and (ii) after 317 

excluding aim guessers. 318 

 319 

Results 320 

Final sample 321 

Ninety-five participants took part in the study (see Table 1 for sample characteristics). 322 

Eighteen participants indicated that they were 13-18 years old when answering the age screening 323 

question (pre-session) but reported a higher age when asked for their specific age in years and 324 

months during the lab session. Four participants were excluded due to not being adolescents (i.e., ≥ 325 

20 years). Although one of our specified inclusion criteria was to be 13-18 years, we decided to 326 

retain the fourteen 19-year-old participants, due to them still being classed as adolescents, and to 327 

maintain statistical power. This resulted in a final sample size of 91 participants. Eight participants 328 

elected to not be weighed and/or measured; therefore, BMI z-score and weight category data are 329 

missing for these participants. Six participants violated parameters on the Stop Signal task (37), and 330 
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therefore their data were entered as missing for the SSRT variable. The sample was largely 331 

representative of the UK youth population in terms of ethnicity and weight status, but not gender (41-332 

43). 333 

To examine which variables should be included as covariates in the main analyses, Pearson’s 334 

correlations were calculated. As shown in Table 2, stream liking and weekly time spent on VGLSPs 335 

were positively correlated with Doritos intake. Familiarity with the videogame Fortnite was positively 336 

correlated with overall intake. Welch’s two sample t-tests were calculated for categorical variables 337 

(gender [m/f], advert recall [y/n], and aim guess [y/n]). There was a significant difference in overall 338 

intake based on gender, with males consuming significantly more than females (p <.05). There were 339 

no other significant differences in Doritos or overall intake (all p > .05). 340 

 341 

Model 1: Predictors of Doritos intake 342 

Examination of the relevant plots revealed one problematic (influential) case. This case was 343 

removed, resulting in the assumptions of linearity and homoscedasticity being met. Assumptions of 344 

normality were also met. Multicollinearity (some VIFs > 5), was resolved by mean-centering the gaze 345 

duration and SSRT variables (all VIFs < 3). The first linear model included Doritos intake as the 346 

dependent variable. VGLSP weekly use and stream liking were included as covariates due to their 347 

significant correlation with Doritos intake. The inclusion of two additional covariates did not impact 348 

the required sample size (N = 90, G*Power). 349 

The overall model was non-significant (R2 = .16, F(9, 74) = 1.55, p = .15). As shown in Table 3, 350 

step one of the hierarchical model significantly predicted approximately 15% of variance in Doritos 351 

intake. The only significant predictor was weekly VGLSP use, with greater time spent using VGLSPs 352 

per week being associated with increased Doritos intake. The size of this effect was medium-large 353 

(44). 354 
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 355 

Model 2: Predictors of overall snack intake 356 

Examination of the relevant plots and tests revealed that assumptions of normality, linearity, 357 

and homoscedasticity were met. Again, multicollinearity (some VIFs > 5) was resolved by mean 358 

centering the gaze duration and SSRT variables (all VIFs < 3). The second linear model included 359 

overall snack intake as the dependent variable. Fortnite familiarity was included as a covariate due 360 

to its significant correlation with overall snack intake, and gender was included as males had 361 

significantly greater overall snack intake than females.  362 

The overall model was non-significant (R2 = .14, F(9, 73) = 1.29, p = 0.26. As shown in Table 363 

4, both steps in the model were also non-significant. The only significant predictor was gender, with 364 

being male associated with greater overall intake. The size of this effect was medium – large (44). 365 

Sensitivity analyses 366 

Neither the removal of participants aged 19 years and older nor the removal of aim guessers 367 

notably impacted any models or individual predictors. See Appendix for full sensitivity analyses. 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 
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Discussion 377 

This between-subjects RCT assessed the effect of HFSS food marketing exposure (compared 378 

to non-food marketing exposure) in a mock Twitch stream on immediate marketed and overall snack 379 

intake. It was firstly hypothesised that participants in the food marketing condition would have 380 

greater marketed and overall snack intake than those in the non-food marketing condition. No 381 

significant association between condition and either marketed or overall snack intake was found, 382 

and therefore this hypothesis is rejected. However, although the overall model was non-significant, 383 

it was found that greater weekly use of VGLSPs was associated with increased marketed snack 384 

intake. It was secondly hypothesised that participants who showed greater attentional bias towards 385 

the food advert would have greater marketed and overall snack intake, and those with poorer 386 

inhibitory control would also have greater marketed and overall snack intake in response to the food 387 

advert. No significant interaction between condition and either gaze duration or inhibitory control in 388 

terms of predicting marketed or overall snack intake was found. Therefore, both hypotheses are 389 

unsupported. Finally, it was hypothesised that participants with the highest rates of attentional bias 390 

and the poorest inhibitory control would have greater marketed and overall snack intake in response 391 

to food marketing. No significant interaction effect of gaze duration and inhibitory control in 392 

response to food marketing was found, and therefore this hypothesis is also unsupported.  393 

The finding that acute exposure to Twitch/VGLSP-based food marketing was not significantly 394 

associated with immediate snack intake is largely inconsistent with existing research. Several reviews 395 

have identified an association between food marketing exposure via both traditional media (e.g., TV) 396 

and digital media (advergames, social media [including influencers]), and greater HFSS food intake 397 

(11, 12, 16). One meta-analysis found that experimental exposure to key marketing techniques used on 398 

VGLSPs (influencer or digital game-based marketing) led to the consumption of an additional 37 399 

kcals in HFSS food (16). In comparison, a negligible difference in HFSS snack consumption between the 400 

experimental and control conditions (< 5 kcals) was found in the current study. While we sought to 401 
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examine the impact of an in-stream static banner advert specifically, it is important to note that food 402 

marketing on Twitch is often synergistic and includes a range of different in-stream advert types, 403 

such as jersey patches, product placements, banners, and video adverts (9). Therefore, the 404 

behavioural impact of exposure to food marketing on Twitch may be underestimated in the current 405 

study. 406 

In addition to this, while experimentally impractical to simulate, a core Twitch viewer spends 407 

nearly 5 hours every day on the platform (45). This greater duration of, and more sustained, exposure 408 

is likely to have more of an impact on eating behaviours (i.e., a dose-response relationship (46)). 409 

Indeed, in the current study it was found that, although the overall model was non-significant, 410 

higher weekly use of VGLSPs was associated with greater marketed snack intake. This complements 411 

findings that higher recall of food marketing on VGLSPs is associated with greater HFSS food 412 

consumption in both adolescents and adults (14, 15). The test brand used in the current study (Doritos) 413 

has strong ties with streaming and gaming, and therefore it is likely that a more frequent Twitch (or 414 

VGLSPs in general) user would have greater habitual exposure to Doritos marketing. Doritos is the 415 

most frequently marketed and mentioned (i.e., in the chatroom) snack food brand on Twitch, and 416 

the brand has its own “chip” emote which can be used in the chatroom (3, 10). However, further 417 

experimental research is needed to isolate this effect and determine whether it can be replicated.  418 

The finding that attentional bias towards the food advert was not associated with intake is 419 

also inconsistent with existing research. Previous studies found that children with a higher gaze 420 

duration for food cues in an advergame ate more of the marketed HFSS snacks (23). It is possible that 421 

differences were driven by variation in (i) the prominence of the advert (i.e., size, positioning) and/or 422 

(ii) the involvement of the media (i.e., a pairs advergame vs. a Fortnite stream). Indeed, more 423 

prominent adverts tend to be remembered better, and prominence and involvement are known to 424 

interact in in-game advertising (IGA; i.e., at moderate involvement prominent brands are recognised 425 

better than peripheral brands) (47). It may be that more prominent and dynamic adverts (e.g., looping 426 
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banner adverts, interactive product placement) are required to capture attention when watching an 427 

involved Twitch stream.   428 

Similarly, the finding that inhibitory control was not associated with intake is largely in 429 

disagreement with previous research. In one study, children whose inhibitory control was 430 

strengthened (in relation to the advertised food, using a go-no-go food task) were found to consume 431 

significantly fewer calories after playing an advergame promoting energy-dense foods, relative to 432 

those who did not complete the task (27). In contrast, in the current study, having poorer inhibitory 433 

control for commonly advertised branded foods on Twitch was not significantly associated with 434 

greater branded or overall snack consumption in response to the food advert. It may be that 435 

because our sample was predominantly made up of older adolescents, psychological mechanisms 436 

behind inhibitory control were more developed, leading to a diminished effect (17). Indeed, a meta-437 

analysis of the effects of exposure to food-related cues on inhibitory control in adults found no 438 

effect, suggesting that age is important (48). 439 

Overall, our findings are not consistent with the dual process model of cognition, which 440 

predicts that both increased attentional bias towards food-related cues and poor food-related 441 

inhibitory control are likely to be associated with increased cue-induced food consumption. It is 442 

possible that our sample, in general, did not have attentional bias toward food cues and/or poor 443 

food-related inhibitory control. It may also be that this model is not applicable to food marketing 444 

effects in the context of videogame livestreaming. VGLSPs use a unique range of marketing 445 

integration strategies (e.g., saturation, congruency, social influence) which may interact differently 446 

with measures of attentional bias and inhibitory control (49). However, further research examining 447 

response to various advert formats in VGLSPs is required to test this assertion. 448 

The current study has some limitations. Lightly Salted Doritos were served to participants 449 

without an accompanying dip. This may not be representative of the typical eating experience and 450 

therefore could have resulted in lower intake. Owing to difficulties recruiting the target age group, 451 
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opportunity sampling was used, which meant that the sample was predominantly female, which is 452 

likely not representative of the typical Twitch user (approximately 70% are male(50)), and there were 453 

more females in the experimental condition. Similarly, mean time spent on VGLSPs per week was 454 

approximately two hours less in the experimental condition, relative to the control condition. It was 455 

found that being male, and spending more time on VGLSPs were significantly associated with greater 456 

overall snack and Doritos intake respectively, so this may have biased results towards the null. 457 

Future studies may wish to use quota sampling to ensure balanced assignment to conditions based 458 

on gender and VGLSP use. 459 

It is recommended that future studies assess the effect of other commonly used advertising 460 

placements on Twitch and other VGLSPs both in isolation, and together (i.e., their combined effect 461 

on eating behaviour). In addition, it would be beneficial to replicate the study in different samples, 462 

such as younger adolescents, males, and those who use VGLSPs regularly (i.e., weekly), as these 463 

subgroups are likely to be most impacted by advertising on VGLSPs. Future research should also 464 

endeavour to investigate the impact of exposure to food marketing via VGLSPs on food intake over 465 

time (e.g., using screen recording software to monitor exposure), and on other food-related 466 

outcomes such as norms, attitudes, and intended purchase. 467 

Conclusion 468 

Overall, findings suggest that exposure to a static food banner advert in a mock Twitch 469 

stream was not significantly associated with immediate marketed or overall snack intake in 470 

adolescents. Moreover, attentional bias and inhibitory control did not appear to have any significant 471 

impact on consumption in response to food marketing. However, although the overall model was 472 

non-significant, we did find that higher weekly use of VGLSPs was associated with greater marketed 473 

snack intake. The findings are largely inconsistent with existing research exploring the impacts of 474 

food marketing exposure via digital media on food intake. Future research is recommended 475 

exploring the impacts of different advertising placements on VGLSPs (and their combined effect), 476 
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replication in specific samples, and assessment of the impact of longer-term exposure to this 477 

marketing. 478 

 479 

Table 1: Sample characteristics, split by condition 480 

 Experimental 

condition (n = 

47) Mean (SD) 

Control 

condition (n = 

44) Mean (SD) 

Overall (n = 

91) Mean (SD) 

Age (years) 17.78 (1.54) 17.83 (1.44) 17.83 (1.48) 

Gender (Female: Male: Non-binary) 37: 9: 1 

(78.72% 

female) 

26: 17: 1 

(59.09% 

female) 

63: 26: 2 

(69.23% 

female) 

Ethnicity (White: Asian: Black: Arab: Mixed) 38: 4: 2: 1: 2 

(80.85% 

white) 

36: 4: 3: 1: 0 

(81.81% 

white) 

74: 8: 5: 2: 2 

(81.3% white) 

IMD decile 4.54 (2.30) 4.00 (2.65) 4.30 (2.41) 

(78% missing) 

Time spent on VGLSPs per week (hours) 5.11 (6.76) 7.54 (8.65) 6.28 (7.78) 

Previously used VGLSPs (Yes: No) 30: 17 

(63.83% yes) 

34: 10 (77.3% 

yes) 

64: 27 

(70.33% yes) 

BMI z score* 0.62 (1.03) 0.45 (1.16) 0.54 (1.09) 

Weight category (Thinness: Healthy: 

Overweight: Obesity: Missing)** 

0: 29: 12: 4: 2 

(61.70% 

0: 30: 5: 3: 6 

(68.18% 

0: 59: 17: 7: 8 

(64.84% 
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healthy 

weight) 

healthy 

weight) 

healthy 

weight) 

Test brand (Doritos) liking (100mm VAS) 64.64 (26.70) 60.36 (19.68) 62.57 (23.54) 

Hunger (100m VAS) 44.85 (19.79) 45.59 (22.63) 45.21 (21.10) 

Streamer (Ninja) familiarity (100mm VAS) 34.60 (28.84) 41.77 (34.15) 38.07 (31.55) 

Videogame (Fortnite) familiarity (100mm VAS) 68.94 (26.51) 71.07 (22.72) 69.97 (24.63) 

Stream liking (100mm VAS) 42.74 (20.94) 44.07 (23.35) 43.38 (22.02) 

Doritos consumed (kcal) 53.77 (36.97) 53.41 (43.55) 53.60 (40.1) 

Overall crisps consumed (kcal) 105.43 

(67.15) 

109.85 

(71.79) 

107.56 

(69.08) 

Gaze duration (seconds) 5.75 (4.86) 3.24 (2.99) 4.54 (4.24) 

SSRT (milliseconds) 10.19 (48.32) 9.93 (53.16) 10.06 (50.47) 

Advert correctly recalled (Yes: No) 45: 2 (95.74% 

yes) 

35: 9 (79.55% 

yes) 

80: 11 

(87.91% yes) 

Aim correctly identified (Yes: No) 12: 35 

(74.47% no) 

1: 43 (97.73% 

no) 

13: 78 

(85.71% no) 

*A standardised BMI z score based on age was calculated using WHO reference data (38). **Weight 481 

category cut-offs were defined as thinness: < -2SD, healthy weight: > -2SD < +1SD, overweight: > 482 

+1SD, obesity: > +2SD (38). 483 

 484 

 485 

 486 
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Table 2: Pearson’s correlations between dependent variables and covariates  487 

 Doritos intake (kcal) Overall intake (kcal) 

Hunger (VAS mm) 0.15 0.04 

BMIz  0.09 0.07 

Age (y) -0.04 -0.11 

IMD decile 0.00 0.05 

Streamer familiarity (VAS mm) 0.10 0.14 

Videogame familiarity (VAS 

mm) 

0.16 0.22* 

Stream liking (VAS mm) 0.21* 0.13 

Doritos liking (VAS mm) 0.03 0.03 

Time spent on VGLSPs per 

week (h) 

0.24* 0.16 

*p <.05 488 

 489 

 490 

 491 

 492 

 493 

 494 

 495 
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Table 3: Model 1, predictors of Doritos intake 496 

 Cumulative Simultaneous  

 R2 

change 

F- change B (SE) CIs p, Cohen’s f 

Step one .15 (5, 78) 2.75*    

Condition   -02.03 (10.74) -21.16 – 17.08 0.83, 0.03 

Gaze duration   0.26 (1.37) -2.46 – 2.99 0.85, 0.02 

SSRT   -0.12 (0.14) -0.39 – 0.16 0.39, 0.06 

Stream liking   0.38 (0.22) -0.06 – 0.81 0.93, 0.28 

VGLSP total   1.78 (0.74)* 0.31 – 3.25 0.02, 0.31 

Step two .01 (4, 74) 0.20    

Condition*gaze 

duration 

  -1.07 (2.53) -6.10 – 3.97 0.67, 0.03 

Condition*SSRT   0.10 (0.19) -0.27 – 0.47 0.58, 0.05 

Gaze duration*SSRT   0.02 (0.30) -0.0 – 0.08 0.55, 0.03 

Condition*gaze 

duration*SSRT 

  -0.03 (0.05) -0.13 – 0.07 0.50, 0.08 

*p <.05 497 

 498 

 499 

 500 
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Table 4: Model 2, predictors of overall snack intake 501 

 Cumulative Simultaneous  

 R2 

change 

F- change B (SE) CIs p, Cohen’s f 

Step one .10 (5, 77) 1.73    

Condition   4.51 (17.05) -29.46 – 38.49 0.79, 0.07 

Gaze duration   1.77 (2.44) -3.09 – 6.62 0.47, 0.08 

SSRT   -0.18 (0.25) -0.67 – 0.32 0.48, 0.05 

Gender   -44.30 (20.39)* -84.93 - -3.67 0.03, 0.22 

Fortnite familiarity   0.34 (0.35) -0.35 – 1.04 0.32, 0.23 

Step two .04 (4, 73) 0.76    

Condition*gaze 

duration 

  -0.97 (4.53) -10.00 – 8.06 0.83, 0.01 

Condition*SSRT   0.12 (0.33) -0.53 – 0.77 0.71, 0.04 

Gaze duration*SSRT   0.02 (0.53) -0.08 – 0.13 0.68, 0.07 

Condition*gaze 

duration*SSRT 

  -0.14 (0.09) -0.31 – 0.03 0.12, 0.19 

*p <.05 502 

 503 

 504 

 505 
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