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Abstract: College students may have limited access to produce and may lack confidence in prepar- 8 

ing it, but cooking videos can show how to make healthy dishes. The Cognitive Theory of Multime- 9 

dia Learning suggests learning is enhanced when visual and auditory information presented con- 10 

siders cognitive load (e.g. highlighting important concepts, eliminating extraneous information and 11 

keeping the video brief and conversational). The purpose of this project was to pilot test a food label 12 

for produce grown at an urban university and assess whether student confidence in preparing pro- 13 

duce improved after using the label and QR code to view a recipe video developed using principles 14 

from the Cognitive Theory of Multimedia Learning. The video showed a student preparing a salad 15 

with ingredients available on campus. Students indicated the label was helpful and reported greater 16 

perceived confidence in preparing lettuce after viewing the label and video (mean confidence of 17 

5.60 ± 1.40 before vs. 6.14 ± 0.89 after, p = 0.016, n = 28). Keeping the video short and providing 18 

ingredients and amounts onscreen as text were cited as helpful. Thus, a brief cooking video and 19 

interactive label may improve confidence in preparing produce available on campus. Future work 20 

should determine whether the label impacts produce consumption and if it varies depending on the 21 

type of produce used. 22 

 23 
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 25 

1. Introduction 26 

Although consuming produce provides many health benefits [1], intake of produce 27 
among college students varies. According to the 2022 American College Health Associa- 28 
tion survey, about 27.8% of students reported eating an average of three or more servings 29 

of vegetables per day [2], and students may consume a greater percentage of white pota- 30 
toes and starchy vegetables and a lower percentage of dark green, orange or other vege- 31 

tables [3]. A variety of factors may influence produce consumption and healthy eating in 32 
this population, including cost, lack of facilities and tools for cooking and preparing fruits, 33 
vegetables and other healthy ingredients, lack of access to a traditional grocery store and 34 

taste [4]. In addition, food agency, the ability to plan and successfully prepare foods in 35 
varied environments and circumstances, may impact dietary intake [5].  Food agency in- 36 

cludes factors such as lack of confidence or self-efficacy in obtaining and preparing food, 37 
and greater cooking confidence has been associated with higher consumption of fruits 38 
and vegetables and lower consumption of fried potatoes in adults [5]. 39 

Several strategies have been suggested to remove barriers, improve food preparation 40 
skills and help college students eat more produce and healthy foods.  Increased availa- 41 

bility of produce on campus, for example, through campus food pantries or farmstands, 42 
may improve access and reduce the costs of healthy eating for students [5]. Although 43 
these resources are a relatively new concept on campuses, and there is limited research 44 
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on them, in general, food pantry clients have expressed interest in increased access to pro- 45 
duce and simple recipes to help them prepare healthy foods [6], and students report that 46 

having access to free produce through campus farmstands helps them to consistently con- 47 
sume a nutrient dense diet [7]. Additional resources have included classes [8], recipe cards 48 
or booklets and cooking videos [9,10]. In particular, videos have an advantage of provid- 49 

ing on-demand, cost-effective learning and may enhance participants’ learning and suc- 50 
cessful completion of a cooking task when paired with a recipe [11]. Feedback from stu- 51 

dents has shown they prefer videos that are approachable, short, use inexpensive ingre- 52 
dients, provide detailed captioning and are delivered through a platform such as Face- 53 
book [11,12]. Participants have reported that videos improve their comprehension of and 54 

comfort with the cooking process, help them acquire new skills and add to their enjoy- 55 
ment of food preparation [13]. They also liked being able to pause the video and replay 56 

sections as needed [8,13], and this may help decrease likelihood of information overload 57 
when a large amount of oral and visual information is presented together. In addition, the 58 
Cognitive Theory of Multimedia Learning recommends that highlighting important ma- 59 

terial on screen using text or symbols, removing information that does not contribute to 60 
learning or reinforce the concepts being taught, and keeping the lesson brief with a con- 61 

versational tone further enhance learning [14]. 62 

Research using these resources with college students is limited but has shown 63 

promising results. For example, a study of 29 college food pantry clients provided 64 

students with weekly, cost-effective produce recipes and ingredients over a 6-week period 65 

and found that female participants significantly increased their produce consumption [9]. 66 

Among college sophomores (n=65), participation in four, 2-hour cooking classes and a 67 

supermarket tour significantly improved attitudes towards cooking compared to students 68 

who attended a 1-hour cooking demonstration [15]. In Brazil, six weeks of  cooking 69 

classes and a supermarket tour with freshmen university students (n=38) significantly 70 

improved self-efficacy in preparing produce compared to students in the control group, 71 

who continued their usual routine [16]. Research has also explored use of currently 72 

available materials, such as Supplemental Nutrition Assistance Program-Education 73 

(SNAP-Ed) resources, with college students, and highlighted the need to tailor materials 74 

to support college students’ unique needs, including strategies for cooking with limited 75 

time and supplies, incorporating culturally appropriate foods and language that is 76 

relevant to college students [17]. Similarly, a review of 28 studies with adults that included 77 

cooking assignments, classes or demonstrations reported positive effects on dietary intake, 78 

health outcomes (e.g. serum cholesterol) and nutrition knowledge [18]. Finally, use of 79 

cooking videos to demonstrate preparation of lasagna supported participants (n=141) as 80 

they learned new cooking skills and increased their enjoyment of meal preparation 81 

compared to those who received only a recipe card [13] and were also perceived as helpful 82 

from young adults (n=34) learning to cook calcium-rich foods [11]. 83 

Interactive food labels are another novel tool that may be useful in nutrition educa- 84 

tion to guide participants to specific resources and information related to food production 85 
and nutrition [19]. For example, Quick Response (QR) codes can be easily added to a food 86 
package to provide this information and guide users to further details about recipes, prep- 87 

aration techniques and cooking videos made with particular ingredients. Research has 88 
found that consumers perceive interactive food labels as valuable [20] but may not be 89 

motivated to scan the QR code on their own without additional prompts [21]. In addition, 90 
a high perceived fit between the QR code and the product may increase the likelihood that 91 
consumers will scan the code [22]. However, research with QR code use to increase 92 
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produce intake among students is limited. Thus, the purpose of this project was to assess 93 
whether access to produce and a label with nutrition information, recipes and other inter- 94 

active features (e.g. QR code to a brief video demonstrating how to prepare a healthy pro- 95 
duce recipe) helps students improve confidence in preparing produce and to gain feed- 96 
back on the features they would find most helpful in the video and interactive label.   97 

2. Materials and Methods 98 

To explore the feasibility of making local produce accessible to students, leaf lettuce 99 
was grown in the controlled conditions of the campus greenhouse. According to the In- 100 
ternational Produce Association, lettuce is in the top five most common vegetables grown 101 

in the United States [23]. Because leaf lettuce seeds germinate quickly compared to other 102 
salad crops, it is easy to maintain continual lettuce harvests [24], and growing lettuce in- 103 

side a greenhouse allowed year-round harvests when it was too hot or cold to grow lettuce 104 
outdoors. In addition, leaf lettuce can be easily prepared by students with limited cooking 105 
skills using pantry ingredients and basic kitchen tools and equipment; thus, it was chosen 106 

for use in the current study. To ensure consistent nutrient content, each batch of lettuce 107 
was cultivated under the same growth conditions, starting from transplanting seedlings 108 

to harvest. Plants were irrigated with tap water, and no additional fertilizer was used. 109 
Previous research has found that food pantry clients often use Google for recipe ideas 110 

when they want to learn how to prepare less familiar produce [25]. Thus, to identify reci- 111 
pes to prepare using the greens, Google was searched using the phrase “lettuce recipes,” 112 
and the first five results were selected. These were reviewed to identify one (a blueberry 113 

peach salad) that seemed easy to prepare, appealing to students, utilized pantry staples 114 
(e.g. canned peaches in 100% fruit juice, oil, vinegar and honey) in addition to lettuce, 115 

could be easily made in a dormitory with minimal cooking equipment and could be mod- 116 
ified to meet current Dietary Guidelines [1] (e.g. reducing salt and honey in the recipe to 117 
lower sodium and sugar content, respectively).  To ensure students could relate to the 118 

cooking demonstration, a student researcher worked with the principal investigators to 119 
create a script and develop a recipe video.  To increase the effectiveness of the video, the 120 

Cognitive Theory of Multimedia Learning was used to guide its design.  The video was 121 
brief (4 minutes and 30 seconds) [26] so that learners could focus on a small amount of 122 
information at a time and minimized extraneous material (e.g. elaborate backgrounds or 123 

music) [14]. Textboxes were used onscreen to highlight important information, such as an 124 
ingredient list, and each step was both shown and narrated to enhance learning [14]. To 125 

engage students, the narrator also used enthusiastic, conversational language with the 126 
goal of building a partnership with the viewers [14].   127 

A QR code for the video was then created and added to the food label to provide 128 

users with further information about the produce and invite them to give feedback on the 129 
label and video. A nutrition facts panel for looseleaf lettuce was generated using Food- 130 

Works 18 (The Nutrition Company, Long Valley, NJ, USA) and was also added to the label 131 
(Figure 1).   132 
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Figure 1. Sample interactive food label for lettuce. 134 

The label was included on containers used to package the lettuce as part of salad 135 
kits for the campus food pantry with ingredients needed to make the recipe shown in 136 

the video. An image of the label was also sent via email blast to the campus community 137 
with an announcement letting students know that fresh produce was being grown on 138 

campus and inviting them to give feedback on the label if they wished. There were no 139 
additional requirements for participation in the survey. This method was chosen to re- 140 
duce bias by ensuring students from a variety of majors and backgrounds represented 141 

on campus had the opportunity to participate.  Moreover, the student body is diverse, 142 
with 65% identifying as Black/African American, Native American/Alaskan Native, 143 

Asian or Hispanic/Latino in 2023 [27]; thus, the data collected would be relevant to other 144 
mid-sized, urban research campuses with a diverse student body. Interested students 145 

could scan the QR code or visit the URL given on the label to view the video and answer 146 
a brief, anonymous, electronic survey. The survey included sections asking about usual 147 
fruit and vegetable intake, adapted from the Short Healthy Eating Index Survey [28], 148 

self-efficacy in preparing produce, adapted from the Cooking and Food Provisioning 149 
Action Scale [29], and the students’ thoughts on the label and video. The research was 150 

deemed exempt by the Kean University Institutional Review Board, and all participants 151 
gave written, informed consent. A power analysis was conducted using G*Power 3.1 152 
[30], and it was determined that a sample size of 26 would give 80% power (p<0.05) to 153 

detect differences in cooking self-efficacy before and after viewing the interactive label 154 
and cooking video. To account for missing data and skipped questions, additional stu- 155 

dents were recruited. All other data analysis was conducted using IBM SPSS Statistics 29 156 
(IBM, Armonk, NY, USA), and all values are reported as means ± standard deviations 157 
unless otherwise noted. 158 

3. Results 159 

Thirty-five students provided data on confidence in preparing produce, and 28 gave 160 
feedback about the label and video. About 40 containers of lettuce and salad kits were 161 
shared with the pantry between October 2023 and April 2024. Of the students surveyed, 162 

one indicated that they had used the campus food pantry. Though most participants ap- 163 
peared to view the label and video after receiving an email blast about the study rather 164 

than scanning a container of lettuce at the food pantry, verbal feedback from food pantry 165 
staff towards the label was very positive, and they indicated that the students they served 166 
were excited to receive the lettuce and salad kits. 167 

On average, students consumed less than two servings per day of fruit and vegeta- 168 
bles (Table 1). Questions about self-efficacy in preparing produce were answered using a 169 
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7-point Likert scale with options of 1 “strongly disagree” to 7 “strongly agree” [22]. The 170 
mean confidence in dealing with unexpected results was approximately neutral (4.74 ± 171 

1.50). Participants somewhat agreed that it is easy to accomplish the desired result (5.34 ± 172 
1.41) and solve problems that arose when preparing produce (5.63 ± 1.14).  173 

Table 1. Mean produce consumption and preparation skills. 174 

Variable1  Mean SD 95% CI 

Average fruit servings per 

day (n=34) 
 1.76  ± 1.35 

1.29-2.24 

Average vegetable servings 

per day (n=34) 
 1.91  ± 1.31 

1.45-2.37 

Confident in dealing with 

the unexpected  
 4.74  ± 1.50 

4.23-5.26 

Believe that it is easy to ac-

complish desired results   
 5.34  ± 1.41 

4.86-5.83 

Able to solve problems when 

preparing produce 
 5.63  ± 1.14 

5.24-6.02 

Comfortable with produce 

preparation in general 
 5.60  ± 1.40 

5.12-6.08 

Comfortable preparing loose 

leaf lettuce before viewing 

interactive label (n=28) 

 5.46  ± 1.43 

4.93-5.93 

Comfortable preparing loose 

leaf lettuce after viewing in-

teractive label (n=28)* 

 6.14 ± 0.89 

5.79-6.43 

1 Response options for the self-efficacy questions ranged from 1 (strongly disagree) to 7 (strongly 175 
agree). n=35 except where noted.SD=standard deviation; CI=confidence interval *p=0.016; effect size 176 
= 0.32. 177 

Before viewing the interactive label, mean confidence in preparing the salad greens 178 
shown on the label in the container was 5.60 ± 1.40, and participants somewhat agreed 179 
that they were comfortable preparing the produce. Because the data on mean confidence 180 

in preparing lettuce before and after watching the video were not normally distributed, 181 
the Wilcoxin Signed Rank Test was used to test for significant differences [31], and boot- 182 

strap confidence intervals were calculated [32]. After viewing the video, mean confidence 183 
in preparing the lettuce was significantly greater (6.14 ± 0.89, p = 0.016, effect size = 0.32). 184 
They rated the label’s ability to help students select and prepare produce they receive at 185 

the campus food pantry a 3.83 ± 0.93 (on a scale of 1 not at all helpful to 5 extremely help- 186 
ful) (95% CI 3.47-4.18).  Participants indicated that the label was “informative,” “intuitive 187 

and easy to understand” and “straight forward and to the point.” Three students shared 188 
concerns: the label might not be widely used by students, students did not typically read 189 

labels, and that the QR code should be advertised more “excitingly.”  190 
When participants were asked for qualitative feedback on the video, suggestions in- 191 

cluded adding more close-ups of ingredient preparation, chopping lettuce into small 192 

pieces, filming the video in a kitchen instead of at a dining room table, showing text with 193 
ingredient amounts on-screen and speeding up parts of the video that showed longer 194 

steps such as chopping and mixing. One student commented that they liked the use of 195 
canned peaches, since “canned fruit is often thought of as less healthy.” Another liked 196 
being able to navigate to different sections of the video depending on which step of the 197 

recipe they were working on. They felt the video “[gave] people more ideas of how to 198 
prepare food especially if they don’t normally cook” and was “helpful.” They also indi- 199 

cated that the videos could encourage students to try a new dish: “I felt as though I’d be 200 
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more comfortable preparing my own dish with a recipe video.  Recipe videos can also 201 
give inspiration for other meals that I can make with similar ingredients.”  202 

4. Discussion 203 

Based on the feedback collected, the interactive label and video were generally per- 204 

ceived by students as helpful, and brief videos with captions highlighting key words were 205 
preferred as suggested by the Cognitive Theory of Multimedia Learning [11]. Principles 206 

of the Cognitive Theory of Multimedia Learning were applied to the development of the 207 
video in several ways [14]. The theory suggests that learning is most effective when both 208 
visual and auditory information are provided without overwhelming the student, max- 209 

imizing the brain’s ability to temporarily store and process the information in the working 210 
memory [14]. Thus, the video included both a visual cooking demonstration and narra- 211 

tion. It was also designed to reduce cognitive effort, such as confusing, distracting or un- 212 
necessary information, by highlighting key ingredients onscreen and using a simple back- 213 
ground without music. Finally, to help viewers manage intrinsic load, or the inherent dif- 214 

ficulty of the subject matter, the video was designed to be brief, and viewers could pause 215 
and replay sections to control the amount of new information they received at one time. 216 

Similar to previous findings, participants suggested that narration should not last for the 217 
entire length of the video and provided positive feedback that could be used to refine it 218 

[11].  219 
Prior research has reported that about 35-36% of college students and young adults 220 

use a nutrition label always or often [33,34], although among adults 20 years and older, 4 221 

of 5 reported using the Nutrition Facts panel when choosing food to purchase [35], sug- 222 
gesting that additional use may occur for students some of the time. Thus, although food 223 

labels provide useful nutrition information, many students may not use them consistently. 224 
However, label use may be associated with improved diet quality and eating behaviors. 225 
Among middle and high school students who always or almost always used the Nutrition 226 

Facts panel of the food label when choosing foods, there was a significantly greater odds 227 
of consuming healthy foods compared to those who reported sometimes or never using 228 

the Nutrition Facts panel [36]. Further, college students who more frequently used nutri- 229 
tion labels were significantly more likely to consume more fruits and vegetables compared 230 
to those who read labels sometimes or rarely [35].  In addition, nutrition label use and 231 

attitude toward preparing healthy meals significantly predicted healthy eating behaviors 232 
[34], suggesting a link between nutrition label use and well-being. The Dietary Guidelines 233 

recommend consuming 2.5 cups of vegetables and 2 cups of fruit daily for a 2,000-calorie 234 
diet [1], and students in the current study consumed below these recommendations. Ad- 235 
ditional research is needed to understand whether the use of an interactive food label in- 236 

creases produce consumption so that it is closer to recommendations. In the current study, 237 
feedback from participants suggested some students may perceive canned goods as less 238 

healthy. Interventions that feature healthy pantry staples, such as canned goods with less 239 
sugar, sodium and fat, in recipes with produce may help overcome this stigma and ex- 240 
pand students’ options for consuming fruits and vegetables to meet dietary recommenda- 241 

tions [37]. 242 
Research on cooking demonstrations for college students and their impact on self- 243 

efficacy is limited. However, college sophomores participating in cooking classes signifi- 244 
cantly increased their confidence in using various cooking techniques [15].  Furthermore, 245 
previous research with adults over 16 years of age found that an 8-week cooking class 246 

significantly improved cooking confidence [38], as well. Similarly, the current study found 247 
student confidence in preparing produce significantly increased after viewing the cooking 248 

video and label. Future research should clarify whether these findings translate into in- 249 
creases in produce consumption, as well.  250 

Research on QR code use suggests that visually complex QR codes and advertising 251 

may overwhelm some consumers but intrigue those who are more curious and that good 252 
perceived fit of the QR code to the product also influences intent to scan [18]. Thus, 253 
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although many participants liked the QR code, others felt it was not “exciting” or would 254 
not be used by their peers, indicating that apathy may be a key issue for some users. Sim- 255 

ilarly, previous findings from research with QR code follow-through found catering to 256 
less curious consumers may be best for increasing scanning [22] by balancing a presented 257 
QR code with just enough information to clearly state what benefits scanning would pro- 258 

vide. Additional feedback from students could also help clarify which types of QR code 259 
designs are most successful for increasing interest in produce in this population. 260 

Previous research has also indicated that providing food pantry users with healthy 261 
cooking kits that include recipe ingredients as a bundle may improve selection of healthy 262 
foods and that attractive packaging and labels indicating that the ingredients are 263 

“healthy” may improve client interest in trying these foods [6]. Further, having an oppor- 264 
tunity to prepare the recipes as opposed to watching a demonstration only may increase 265 

the likelihood that long-term behavior change will occur [11].  In the present study, stu- 266 
dents generally believed the video and label were helpful. However, participants were 267 
students at a diverse, medium-sized, urban university [39], which limits generalizability 268 

to other types of institutions and student populations. In addition, the students who pro- 269 
vided feedback may have volunteered due to greater interest in food labels, produce or 270 

cooking compared to those who did not respond. Given the smaller size of the campus 271 
food pantry to which the lettuce was provided in the current study (the pantry served 272 
about 15 students per week at the time of the study), further research should test the in- 273 

teractive label at a larger campus pantry and determine whether use of recipe videos and 274 
cooking kits impacts produce consumption among college students using campus food 275 

pantries, farm stands or other resources seeking to make produce accessible to students. 276 

Pilot-testing at additional schools would also provide feedback from a wider range of stu- 277 
dents with different demographics, backgrounds and needs and potentially, a broader 278 

range of interest levels in healthy cooking and interactive food labels. 279 

5. Conclusions 280 

Our findings suggest that an interactive food label with a QR code to a recipe video 281 
is perceived as helpful by university students and may increase confidence in preparing 282 

produce such as salad greens. Using a brief format that includes ingredient information 283 
on-screen and highlights key steps may assist students in preparing produce that they 284 
receive as part of campus programs to increase the accessibility of healthy ingredients.  285 

In the present study, participants consumed less produce than the recommendations; fu- 286 
ture research should assess the effects of an interactive label on produce intake among 287 

university students and those who use the campus food pantry to better target interven- 288 
tions towards these groups. In addition, research should determine students’ preferences 289 
for types of recipes and produce so the intervention can be tailored to the needs of stu- 290 

dents, which may vary across campuses and regions or based on the size of the institution. 291 
Long-term effects of interactive label use on produce consumption and confidence in 292 

preparation should also be studied.  Future research should clarify if these effects and 293 
preferences vary based upon other characteristics, such as year of study, major or gender. 294 
Given the many health benefits produce provides and the flexibility of a recorded cooking 295 

demonstration for users who may not be able to come to an in-person class, the interactive 296 
food label may help campuses bring produce to more students while increasing their con- 297 

fidence in preparing it. 298 
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