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Abstract
Back ground
The dietary intake of fruits and vegetables by adolescents is influenced by self-efficacy,
attitude and knowledge.This study was designed to understand the role of school gardens in influencing
the frequency, attitudes, knowledge and self-efficacy of late in-school adolescents on their dietary intake
of fruits and vegetables.Methods
The study followed a cross-sectional study design employing
quantitative research methods. The target population comprised of late adolescents 18-25 years
attending the two-selected secondary school; one with gardening activities and another not. Self-
administered structured questionnaire was used to collect data. Quantitative data was analyzed by t-test ,
Mann Whitney U test, Pearson Rank Correlation and odds ratio.Results
Generally, there were low fruit (8 &
9) and vegetable (6 & 7) servings per week among the unexposed and the exposed groups respectively as
compared to the USDA recommendation (14 and 11) servings per week for fruits and vegetables
respectively. However, students exposed to gardening had slightly higher scores of fruits and vegetable
frequency as compared to those not exposed (OR=1.0370). Students believed they consumed more fruits
than vegetables with the exposed group consuming more fruits (p<0.0001) and vegetables (p<0.0001)
than the control group. The students knew more nutritional value for fruit intake than for vegetable intake
with the exposed group having higher knowledge scores than the control (OR=1.32). The students in the
exposed group were more confident in consuming fruits and vegetables rather than a snack (p=0.008),
ice cream (p=0.004), three times a day (p<0.0001) compared to the control group.Conclusion
Overall,
there was low fruit and vegetable intake by the study subjects. However, fruits were consumed more than
the vegetables with the exposed group posting slightly higher weekly intake of fruits and vegetables than
the control group. The students knew the nutritional value of fruits and vegetables attaching more
importance on the fruits than vegetables with exposed group having better knowledge than the control.
Although students in both groups were confident in consuming fruits and vegetables, the exposed group
was more confident than the unexposed.

Background
Many nutrition related health interventions have focused on children less than five years  (Kimokoti &
Hamer 2008, Faruque et al. 2008, Gulati 2010), pregnant women (Mecacci et al. 2015) and HIV/AIDS
(Byron et al., 2006) with less focus on late adolescents. This stage is a complex developmental stage and
the health eating interventions designed have to be acceptable by the target group (Christian et al., 2012).
Among the school going adolescents, interventions designed and implemented at school are always
accepted (Robinson-O’Brien R, Story M, Heim S; 2009, McAleese JD, Rankin LL (2007) and they provide an
opportunity to reduce inequalities in nutrition health for all school going adolescent (Robinson-O’Brien R,
Story M, Heim S; 2009). Of the many interventions designed to improve the attitude, efficacy, knowledge
and frequency of the dietary intake of fruits and vegetables by adolescents, school gardening programs
are promising (Robinson-O’Brien R, Story M, Heim S; 2009).

Many authors define adolescent stage differently. It is a developmental stage that manifests with rapid
physiological, psychosocial, and physical changes (Steinberg, 2014). It is a stage marked with puberty
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onset spanning the age between 10-18 years (Steinberg, 2014). The Society for Adolescent Medicine
(SAM) highlights the adolescent stage as the growth period between 10 to 25 years (SAM 1995). The
Center for Disease Control uses academic grades between 9-12, rather than age (CDC, 2015) to define
adolescents. The World Health Organization (WHO, 2015) defines “adolescents” as individuals between
10 and 19 years. This lack of consistence in the inclusion criterion challenges studies involving
adolescents and the subsequent design of health interventions. 

Adolescents have been divided into early, middle and late sub-classes. Early adolescence is 10 to 13
years, middle adolescence 14 to 16 years, and late adolescence 17 to 21 years (Nielsen et al. 2014). A
closely related classification has been given by Steinberg (2002) with early adolescents being 10 to 13
years, middle 14 to 18 years and late 19 to 22years. The different stages of adolescents are associated
with variations in physiological, physical and psychosocial dynamics calling for different health
promotion interventions at each stage (Nielsen et al. 2014).      

The recommended fruit and vegetable intake for our participants according to United States Department
of Agriculture (USDA) is 14 and 11 intakes per week respectively (USDA, 2015). A study by Kim et.al.,
(2014) reported low intake of fruits by adolescents. However, Harrington EM, (2016) reported higher
serving per week in the range of 14-21 for fruits and 21-28 for vegetables. These contradictions in the
available literature warrant more investigations in this subject.

Kim et al., (2014) and Nielsen et al., (2014) reported a steady decline in the intake of fruits and vegetables
through each stage of adolescence. The decline ranges from 0.7 servings per day from early (11-14
years) to mid (15-18 years) adolescence followed by another decrease of 0.6 servings per day from mid
to late adolescence (19+ years old). However, fruits and vegetables availability strongly influences the
dynamics of the frequency of adolescent’s fruit and vegetable intake (Di Noia & Byrd-Bredbenner, 2013,
Arcan et al., 2007).

Students engaged in gardening activities have positive attitude related to fruit and vegetable
consumption compared to the unexposed group (Bere E & Klepp K-I., 2005). Exposure to a wider range of
vegetables and fruits through gardening activities builds a positive attitude towards fruits and vegetable
intake (Kristjansdottir AG et al., 2006). Involvement in the production and preparation of food can
influence the attitude of the students towards intake of fruits and vegetables (Robinson-O’Brien R, et al.,
2009). More importantly, when new food is exposed to the student several times it becomes easy to
accept it (Thompson et al., 2007). Kothe et al., (2012). Generally adolescents have stronger attraction to
fruits than vegetables because of their color and scent (Davis JN & Spaniol MR, 2015, Davis JN & Spaniol
MR, 2015).  

Self-efficacy is one of the key indicators of fruits and vegetable intake among the adolescents as
highlighted in the studies by Thompson, Bachman, Baranowski, and Cullen, 2007; 2004; Pedersen et al.
2015 and Fitzgerald et al. 2013. Self-efficacy and self-confidence in intake of fruits is influenced by the
adolescent involvement in gardening activities (Pedersen et al., 2015, Davis JN & Spaniol MR, 2015,
Oxenham, E.; King, 2010) School gardens, where present have  increased the confidence of adolescents in
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the eating of fruits and vegetables. The choice of food and dietary habits are shaped early in life
(Neumark-Sztainer et al. 2011) and hence, hands on activities during adolescence will largely contribute
to the confidence later in life to take fruits and vegetables.  Heneman et al. (2008) established that
incorporating agriculture into schools links school, family and community activities.

Exposure to a wider range of vegetables and fruits through gardening activities has been observed to
increase students self-confidence/self-efficacy (Cockroft JE et al.,2005) towards vegetable and fruit
consumption. However, Morgan PJ et al.,( 2010), Jaenke et al., (2012) and Kothe et al. (2012) did not find
a relationship between enhanced self-efficacy and gardening activities. Thus this lack of consistence in
the available literature calls for more studies to verify this hypothesis. 

Limited knowledge by adolescents regarding the nutritional value of fruits and vegetables curtails their
intake. Krolner et al., 2011 reported that adolescents are not aware of long term benefits of fruit and
vegetable intake rather they are interested in the short term benefits. Ying et al., 2009 established that low
intake of fruits and vegetables is due to gross lack of awareness, knowledge and motivation among
adolescents regarding health eating. In a related study, by Sylvetsky et al., (2013), youth believed that they
are not vulnerable to disease so, not worried about health eating

 Servings and preparation of fruits have been observed to increase adolescent’s knowledge towards
nutritional potential of the fruits and vegetables. Arcan et al., 2007 established that that serving fruits and
vegetables during meals improves the adolescent’s knowledge as regards nutritional value of fruits and
consequently improves the intake of fruits and vegetables. Other studies have reported that girls are more
knowledgeable than boys as regards the nutritional value of fruits and vegetables due to their
involvement in their preparations (Stok et al., 2014, Oxenham EK et al., 2010, Ganann, R et al., 2014). In a
longitudinal study by Molaison-Fontenot, Connell, Stuff, Yadrick & Bogle, 2005 on intake of fruits and
vegetables by the low income black American students, girls overall had better knowledge about the
intake of fruits and vegetable than the boys because they are involved in their preparation

 Empowerment of adolescents through gardening activities improves their skills and knowledge to grow
fruits and vegetables which is a key motivator of change in nutritional behavior of adolescents. Morris &
Zidenberg-Cherr (2002), Koch et al. (2006) and Finkelstein & Strombotne (2010) reported a strong
correlation between having a direct experience with growing food and the children’s understanding of
food as well as its relationship to health.

A systematic review by Davis JN, Spaniol MR (2015), outlined the potential of student’s hands on during
garden activities in enhancing their knowledge towards health eating. The review highlighted an increase
in the learner’s knowledge regarding fruits and vegetables when the school garden is part of the nutrition
education program.  This argument is consistent with findings from two interventional studies by
Somerset & Markwell (2009). These assessed the impact of a school-based food garden on improving
knowledge and skills to increased vegetables and fruit intake among Latino youth which revealed a
strong correlation.
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Contento et al. (2006) studied 115 second grade students and their knowledge, preference, and
consumption of fruits and vegetables as part of a classroom and classroom/gardening program. The
results indicated that participants who received nutrition education alone, as well as nutrition education
and gardening education had increased nutrition knowledge and fruit/vegetable taste ratings than the
control group.

This study was therefore aimed at illuminating on the role of school gardens in promoting health nutrition
among late adolescents by comparing the efficacy, attitude and knowledge towards fruits and vegetable
intake between the exposed and unexposed groups to gardening activities at school. The study further
highlighted the differences in the weekly intake of fruits and vegetables by the adolescents in the two
groups to establish the state of fruit and vegetable intake among the adolescents in the two groups
relative to the recommendations from the United states Department of agriculture and the World Health
Organization weekly recommendations.

Methods
Research Design

This was a descriptive cross sectional research study employing quantitative methods of data collection
and analysis.

Study area

The study was carried out from two schools; one with students actively involved in school gardening
activities while another not. The school with students participating in school garden is located in Bombo
central ward, Bombo town council sub-county, Katikamu South constituency in Luwero district.

The school with no school garden is located in the central division of Kampala, Kampala central
constituency.  The two setting were selected purposely because they are quite similar since they are both
constrained by space, are universal day public schools with about the same enrollment. The students
attending both schools come from low social economic status families

The survey used 355 high school students in the selected schools with and without school gardens aged
between 18-22 years. 

Inclusion criteria

Advanced level students in the two schools aged 18-22 years.

Exclusion criteria

Advanced level students in the two schools below 18 years and all ordinary level students and all ordinary
level students regardless of the age
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Sampling procedures

Sample size

For the quantitative arm, the sample size, n, was calculated using the formula described by Cochran, W.
G. (Cochran, 1977). A proportion of 50% fruit and vegetable intake was used   

Sampling Technique:

Purpose sampling was done for the selection of the two schools used in the study because of the
similarity of the two schools in terms of social economic status of the parent, both are constrained by
space and both are under the universal secondary education. The survey used 355 high school students
in the selected schools with and without school gardens that were selected randomly by stratified
sampling using the class lists as the sampling frames.  A random sample of 170 and 185 respondents
was drawn from the school with and without gardening activities respectively.

Design of instruments for data collection

Self-administered questionnaire with four sections to collect data were used. All the questions were
obtained from validated questions used in food intake related questionnaires.

To gather data on the level of knowledge students have over the role of fruits and vegetables in a health,
the fruit and vegetable intake frequency questionnaire (FVKQ) was adopted.  This was modified and
adopted from Matt et al., 2006 with minor modifications to suit the local fruits

The data on weekly intake of vegetables was collected by using the section of the questionnaire called
the food and vegetable frequency questionnaire (FVFQ). The questions in this section were adopted from
Rockett et al., 1995.

To assess students’ attitudes towards fruit and vegetable consumption, the Eating and activity in Teens
and Young adults developed by Neumark-Sztainer and colleagues, 2012 was adopted with minor
changes. This questionnaire was called the fruit and vegetable attitude questionnaire (FVAQ)

The previously validated tool for self-efficacy related to fruits and vegetable consumption for adolescents
aged 11-19 by Hagler et al., 2005, Bandura, 2006, and Sharma et al., 2014 was adopted after it was
optimized to meet the local fruits and vegetables. This was called the fruit and vegetable efficacy
questionnaire (FVEQ). The survey on the assessment school gardens in influencing fruit and vegetable
intake efficacy was adopted from the scale developed by Sunette M, 2017. This was designated the
influence of gardening activities on fruit/vegetable intake at school questionnaire (FVSQ)

For internal reliability of the questions within each questionnaire were tested for internal reliability using
Cronbach’s alpha. All sections of the questionnaire gave values of α>0.7 which signifies a good internal
reliability.
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Results
Data analysis

The results were presented in terms of means ± standard deviations.  The mean scores for all the
variables in the exposed and unexposed groups provided a variable for analysis.  Differences in means
were assessed by t-tests/Mann Whitney U Tests for parametric and non-parametric variable respectively
depending on the degree of normality of the data. The odds ratio for the association of the study variable
with the intake of fruits and vegetables intake was computed. To establish the conditions that would
influence student’s efficacy related to intake of fruits and vegetables attributable to gardening activities,
the questions were correlated on gardening activities with self-efficacy questions using Spearman Rank
correlation. All analyses were done at 95% significance level and p<0.05 was considered significant.

The frequency of fruits taken in on a weekly basis was determined by pooling the daily and weekly
intakes.  For example, if the fruit or vegetable was eaten twice for every two weeks, then the conversion
was a half intake of fruit per week. If it was consumed 3times a day, then it was consumed 21 times a
week. The total fruit consumption for every week was calculated by adding all the scores for questions
from the questionnaire on FVFQ. The same procedure was used for the vegetables consumed on a
weekly basis by summing up all the codes for questions on vegetable intake in the FVFQ.

For any unanswered question, the response was assumed to be zero intake per week. This is the common
procedure in food frequency questionnaire which implies that if someone does not answer the question, it
means he/she does not eat that food item (USDA, 2015).

The scores on the student’s belief and attitude related to sufficiency/insufficiency in the intake of fruits
and vegetables were determined on the Likert scale: Never (0), almost never (1), sometimes (2) and all the
time (3). These were used for analysis. 

The responses from the questions on the Fruit and Vegetable Knowledge Questionnaire (FVKQ) were
used to compare the underlying reasons why students would consume the fruits and vegetable. They
were asked to give their level of agreement on the Likert scale items of the questionnaire emphasizing the
value of dietary inclusion of fruits and vegetables. The scores were computed and the average score
calculated which was used for statistical analysis.  

Self-efficacy for eating fruits was assessed using FVEQ and FVSQ questionnaires. All questions were
coded as follows: definitely I can=5, I think I can=4, maybe I can=3, not sure I can=2 and don’t think I
can=1, and the answers for each question were added together and divided by the number of questions to
obtain a Self-Efficacy Mean Score.

The influence of gardening activities attributable to fruit consumption was assessed by the FVSQ. All the
questions were coded as follows: Very much=3, sometimes=2, a little bit=1 and not at all=0. The answers
for each question were added divided by the number of questions to obtain the Gardening Attributable
Mean Score (GAMS).
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The differences in means of GAMS score between the two groups of students with and without school
gardens were tested for statistical significance by using Mann Whitney U test statistic. To establish the
conditions that would influence student’s efficacy related to intake of fruits and vegetables attributable to
gardening activities, the questions were correlated  on gardening activities with self-efficacy questions
using Spearman Rank correlation.

All the items of the questionnaire were tested for internal validity using Cronbach’s alpha giving a value of
α ≥0.72 showing a good internal validity.

4.1 Demographics

The study had more males (56.3%) than females (43.7).  The he girls were generally young than the boys
in both the exposed and the unexposed schools to gardening activities. The mean ages of the girls and
boys in the school exposed to gardening activities were 19.10±1.4 and 19.2±2.86 respectively while those
for students in the unexposed school were   18.62±1.21 and 19.11±1.29 respectively (Table.1)

Fruit and vegetable intake per week

Low fruit (8.2±8.6 & 8.8±8.5) and vegetable (6.26± & 6.65±6.6) servings per week among the unexposed
and the exposed groups respectively (Table.2) as compared to the USDA recommendation (14 and 11)
servings per week for fruits and vegetables respectively was found. 

 

However, weekly fruit intake was higher (8.5±8.6) than vegetable intake (6.5±6.14) for both students in
the exposed school to gardening activities and those in the unexposed school (Table.2). 

When the mean difference in weekly intake of fruits and vegetables was analyzed for statistical
significance; OR=1.0370, p=0.9607 (95% CI; 0.2267 to 4.1018) (Table.3).  Although gardening was
associated with increased weekly intake of fruits and vegetables (OR>1), the difference was not
statistically significant (p>0.05). 

Attitudes towards fruit and vegetable intake

In this survey, the differences in the attitudes by students related to the intake of fruits and vegetables in
their diet were assessed by using the fruit and vegetable attitude questionnaire (FVAQ). The weekly fruit
and vegetable intake rate was determined by getting the scores of all the students and in the
exposed/unexposed school to gardening activity for that item question. Then the mean score established
by dividing by the total number of students. 

When asked about their attitude on fruit and vegetable intake, students in both settings had positive
attitude (>2.0) which was the mean score on the Likert scale (0-4) with the exposed group having a
slightly higher scores (2.25±0.9) than the unexposed group (2.43±0.9) (Table.4). 
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When analyzed using the Mann Whitney U test, the exposed group had significantly higher positive
attitude towards the good taste of fruits than the control (p=0.01108).                                               

Intake of fruits and vegetables in both groups was least influenced by the peers (20% and 22.5%) in the
exposed and unexposed students respectively. However, the attitude of the students towards intake of
fruits in the exposed and unexposed groups greatly influenced by the good taste of the fruits ( 92.5% &
82.5%) and vegetables (87.5% & 80.0%) respectively. The overall mean frequency scores (%) were higher
in the exposed (60.6%) than the control (56.3%)  (Table.5). On their attitude whether they take in
sufficient/insufficient fruits and vegetables, the students who consumed fruits and vegetables all the time
were more in the exposed group (26.5% & 11.88%) respectively compared to the control group (4.7% &
3.65%) respectively (figures 1 & 2).

When the differences in the scores on the students attitude whether they take in sufficient vegetables
were analyzed, the students exposed to gardening activities had significantly higher positive attitude and
beliefs in themselves than the control group; p<0.0001, (95%CI= 0.325 to 0.606) as shown in table 6 

However, When the differences in the scores on the students attitude whether they take in sufficient fruits
were analyzed, the students exposed to gardening activities had significantly higher positive attitude and
beliefs in themselves than the control; p<0.001, (95&CI= -0.8122 to -0.5518) as shown in tables 7. 

Student’s knowledge on fruits and vegetables

The total scores and the percentage of the total scores of the students on the questions soliciting for their
knowledge as regards fruits and vegetable intake were compared (Table.8). The exposed students had
higher total scores for fruits and vegetables intake of 10.4 (87.7%) and 10.1 (84.4%) respectively
compared to the control group with total scores of 7.3 (60.8%) and 6.1 (50.8%). 

The difference in mean total scores on the student’s knowledge regarding the nutritional value of fruits
and vegetables were analyzed for statistical significance (Table. 9). The students exposed to gardening
activities had better knowledge than the unexposed group as to why fruits are important in the diet;
OR=1.06, p=0.876 (95%CI; 1.44 to -1.32)

Students the exposed to gardening activities were 1.06 times more knowledgeable as to why they needed
fruits in their diet compared to control group. However, the difference in knowledge was not statistically
significant (p<0.05). Associations showing self -efficacy related to gardening

In order to establish the conditions that would influence student’s efficacy related to intake of fruits and
vegetables attributable to gardening activities, we correlated questions on gardening activities with self-
efficacy questions using Spearman Rank correlation (Table. 11).

Students were more confident that they could eat fruits and vegetables rather than a chip as a snack
because they grow fruits and vegetables at school (p=0.04776), are involved in gardening (p=0.034084)
and their desired fruits are present in the school garden (P=0.01785).
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Similarly, students were more confident that they could eat fruits and vegetables 3 times a day because
they grow fruits and vegetables at school (p=0.004399), are involved in gardening (p=0.008314) and their
desired fruits are present in the school garden (p=0.005123). Students were more confident that they
could eat fruits and vegetables be every dinner cause they grow fruits and vegetables at school
(p=0.005223) and their desired fruits are present in the school garden (p=0.026445).

Discussion
This study compared the frequency, attitudes of students, knowledge and self-efficacy related to dietary
intake of fruits and vegetables in two schools. One school had the students exposed to gardening and
another did not.  This chapter gives a detailed discussion of the findings of the study with reference from
the established studies in literature. Each of the study objectives will be discussed separately in this
section.

 

Overall, from the survey questionnaire results, adolescents expressed low intake of fruits and vegetables
in both settings although students exposed to gardening activities had higher weekly intake of both fruits
and vegetabes. These findings have been reported elsewhere by Kim et.al., (2014) and Kimmons et al.,
(2009) which reported 9 & 7  servings of fruits and vegetables per week respectively. However, the
findings contradicted a recent study by; Harrington EM, 2016 which reported higher serving per week in
the range of 14-21 for fruits and 21-28 for vegetables and, a study by Behjat Shokrvash et al.,2013 which
reported a serving of  5 & 3 daily servings of fruits and vegetables respectively.

 

However, the survey by Harrington EM, (2016) and Behjat Shokrvash et al.,(2013) used young adolescents
with average age of 12 years. This discrepancy in the two studies could have biased the findings.

 

Inadequate supply is critical in meeting and or exceeding the weekly dietary intake of fruits and
vegetables. Our participants did not meet or exceeded the USDA recommended intake of fruits and
vegetables because of inadequate supply.  In the survey where the late adolescents met the
recommended intake, the schools provided fruits and vegetables as part of the school menu for lunch (Di
Noia & Byrd-Bredbenner, 2013).

 

Di Noia & Byrd-Bredbenner, 2013 in his study on the influence of family support and home availability of
fruits and vegetables to their dietary intake by grade 6 students in a Unites states Multi-cultural
community reported that availability of fruits and vegetables is a critical determinant of adolescent fruit
and vegetable intake frequency.
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Thus in the current study, the school that exposed students to gardening activities and served students
with fruits and vegetables had higher weekly fruit and vegetable intake scores. This finding is not
surprising as it was reported elsewhere by Arcan et al., 2007 who established that serving fruits and
vegetables during meals enhances the adolescent’s intake of fruits and vegetables.

 

These findings differ from other studies assessing dietary intakes of adolescents. Kimmons et al. (2009)
found adolescents (aged 12-19 years) rarely met recommendations of some fruits and vegetables in a
multi-cultural setting but meeting the requirements of others. The high intake of beans our survey is
reflective of the participant’s cultural diets, with beans being a significant part of African cultural diet.

Individual factors such as the rapid changes in physical growth and development that occur during
different phases of adolescence may reduce the intake of fruits and vegetables. Larson et al., 2009, Kim
et al., 2014, and Nielsen et al., 2014 reported a steady decline in the intake of fruits and vegetables
through each stage of adolescence. The decline ranges from 0.7 servings per day from early (11-14
years) to mid (15-18 years) adolescence followed by another decrease of 0.6 servings per day from mid
to late adolescence (19+ years old). Their findings are consistent with an earlier study which reported a
decline in fruit and vegetable consumption from the onset of adolescence at a rate of 1.4 decline in
intakes per day and it appear to progress through adulthood (Larson et al., 2007).

During adolescence, a sense of independence develops and frequently they make an irrational decision
which affects their dietary intake of fruits and vegetables. Our study used late adolescents (18+ years)
with tremendous decline in dietary intake of fruits and vegetables. The low intake of fruits and vegetables
has also been explained by Ying et al., 2009 who reported gross lack of awareness, knowledge and
motivation among adolescents regarding health eating. In a related study, by Sylvetsky et al., (2013),
youth believed that they are not vulnerable to disease so, not worried about health eating. Consequently
individual factors influence behavioral change as outlined in the social ecological model that underpins
our study

In our study, students exposed to gardening had higher weekly vegetable intake than the control group.
Parmer SM. et al., 2009 established that exposure to hands on gardening activities to grow fruits and
vegetables generally are associated with their increased consumption. They found an increased fruit and
vegetable consumption among Grade 2 students with a school garden intervention. However, their
sample was mostly made up of boys. McAleese et al. (2007) also reported an increase in vegetable
consumption among Grade 6 students after a school garden program, but used 24 h food recall
workbooks completed by students lowering the potential of long term intake of fruits and vegetables,
which would have biased the results.
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In a related study by Lineberger and Zajicek SE and Zaijicek (2000), an increased vegetable preference as
a result of school garden intervention was highlighted. Arcan et al., 2007 also established that that
serving fruits and vegetables during meals enhances the adolescent’s intake of fruits and vegetables.
Thus, gardening activities empower students by giving them skills to grow fruits and vegetables which is
a key motivator of change in nutritional behavior of adolescents. However, the school garden program
evaluated by Lineberger and Zajicek (2000) did not impact on intake or preferences for fruit, but had a
positive impact on vegetable intake thus contradicting the findings of the current study. This is consistent
with the study by (Jaenke et al., 2012) who reported no changes in frequency fruit and vegetable intake
as a result of a school gardening programme (Jaenke et al., 2012).

 

 

Our study and the former study used different methods. The current study used food frequency
questionnaires which have been adopted by many recent studies in evaluating attitude, frequency,
knowledge and efficacy related to fruit and vegetable intake by school children (Sharma et al., 2014,
Emily M, 2016, Neumark-Sztainer et al.,, 2012). The previous study used students’ nutritional behaviors
regarding fruit and vegetables evaluated through 24-hour recall journals. These lower the potential of
long term intake of fruits and vegetables. The methodological differences could have biased the findings.

 

Studies have reported self-efficacy as a valid determinant of fruit and intake by late adolescent (Pedersen
et al. 2015 and Fitzgerald et al. 2013). In their case-control study, Pedersen et al., (2015) established that
the interventional group in the schools which served fruits and vegetables as part of the school menu
was more confident than the control group in the intake of fruits and vegetables.

In our study, students exposed to gardening activities had high self-efficacy scores related to intake of
fruits and vegetables. They were more confident that they could eat fruits/vegetables rather than a snack,
ice cream, 3 times a day and fruit/vegetable every breakfast as compared to the unexposed group.

According to the socio-ecological model, self regulation and Self-confidence influence behavioral change
such as health promotion practice. For fruit and vegetable intake every dinner, 3 times a day and as snack
rather than chips were correlated with gardening activities at school. These findings are consistent with
earlier reports that highlighted the importance of self-efficacy in improved fruit and vegetable intake
(Thompson, Bachman, Baranowski, and Cullen, 2007; Pedersen et al. 2015 and Fitzgerald et al. 2013).

 

However, many studies have reported contradictory findings. Keyte, J., et al., (2012) did not find an
association between gardening at school and increased self efficacy towards the dietary intake of fruits
and vegetables.  However, the differences in the age of the learners and the setting could explain the
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differences in the results. The study by Keyte and co-workers used pre-adolescents but our study and
Bere’s study used adolescents as the study subjects.

 

Similarly, the study by Morgan PJ et al.,( 2010) on the impact of nutrition education with and without a
school garden on knowledge, vegetable intake and self-efficacy found no differences in fruit or vegetable
intake. This was consistent with the studies by Jaenke et al., (2012) who reported no changes in fruit and
vegetable intake as a result of a school gardening programme and Kothe et al. (2012), who examined the
efficacy intervention on fruit and vegetable consumption but did not see behavior change related to fruit
and vegetable consumption among students in schools with or without the school garden.

The discrepancy in these studies may be due to the young age of participants investigated (mid
adolescents) but might also be due to the methodological differences. Morgan et al., (2010) used 24-hour
recalls to measure fruit, vegetables or combined fruit and vegetables consumption,

Kothe et al. (2012) used a three day food diary while Jaenke et al., (2012) used teacher-child based. The
teacher’s willingness to teach the intervention and own beliefs in the importance of gardening could have
introduced bias into these results.  Most importantly however, the study by Morgan PJ et al., (2010) was
conducted in was conducted in Australian regions, where fruit and vegetables can be grown all year
round which are not universally true in our setting and elsewhere. In the current study, it was the opinion
of the students as regards the intake of fruits and vegetables. This difference may then explain the
discrepancy between their studies and our study.

Generally students had higher self- efficacy and higher towards intake of fruits than vegetables. This
finding has been reported in previous studies. Adolescents are attracted to fruits because of their color,
scent and (Davis JN & Spaniol MR, 2015, Davis JN & Spaniol MR, 2015).  Fortunately, the color of the fruit
has been reported to indicate nutrient richness.  Specifically, red and orange fruits are rich in vitamin A
and carotenes, which act as anti-oxidants (USDA. 2015).

When we compared the percentage of the total scores of the students on the questions soliciting for their
knowledge as regards fruits and vegetable intake were compared, 87.7% and 84.4% of the students
exposed to gardening knew the nutritional value of fruits and vegetables respectively.  However, 60.8%
and 50.8% of the unexposed students to gardening knew the value of fruits and vegetables in the diet.

Although the students exposed to gardening activities had better knowledge as to why fruits were
important in the diet, the differences were not statistically significant. However, what has been very
consistent by many researchers and systematic reviewers is that increased serving, preparation and
handling of fruits and vegetables improves the adolescent’s knowledge as regards the nutritional value of
fruits and vegetables.

Studies by Arcan et al., 2017 established that that serving fruits and vegetables during meals improves
the adolescent’s knowledge as regards nutritional value of fruits and vegetables. Thus schools that



Page 14/27

include fruits as part of their school menu improve the student’s knowledge on fruits and vegetables
consistent with the results of the current study.

Handling fruits and vegetables is a key determinant of improved knowledge regarding their nutritional
benefit. Oxenham EK et al., (2010) in his work on the role of school gardens as a strategy in increasing
fruit and vegetable intake reported that girls are more knowledgeable than boys as regards the nutritional
value of fruits and vegetables due to their involvement in their preparations. This has been reported
elsewhere (Ganann, R et al., 2014,  Molaison-Fontenot, Connell, Stuff, Yadrick & Bogle, 2005) and is
consistent with our findings.  

 Empowerment of adolescents through gardening activities improves their skills and knowledge to grow
fruits and vegetables which is a key motivator of change in nutritional behavior of adolescents.
Finkelstein & Strombotne (2010) reported a strong correlation between having a direct experience with
growing food and the children’s understanding of food as well as its relationship to health. This has been
explained elsewhere by  Davis JN, Spaniol MR (2015) who highlighted the potential of student’s hands on
during garden activities in enhancing their knowledge towards health eating and is in agreement with our
study.

Contento et al. (2006) studied 115 second grade students and their knowledge, preference, and
consumption of fruits and vegetables as part of a classroom and classroom/gardening program. The
results indicated that participants who received nutrition education alone, as well as nutrition education
and gardening education had increased nutrition knowledge and fruit/vegetable taste ratings than the
control group.

Growing body of knowledge is providing evidence on positive effects of participation in “healthy school”
over a short term (Keyte, etal.,,2012) and school gardens (Morgan et al., 2010) on health 14-year old in
enhancing their knowledge over fruit and vegetable intake. However, Parmer et al., 2009 showed that a
school garden intervention only significantly increases taste ratings rather than knowledge about
nutritional value. The age level of learners used in Parmer’s study were much young (second grade
students) who could have been unable to comprehend the nutritional value of fruits and vegetables. This
could have created the inconsistence in the findings.

 

Though he finding of Parmer et al., 2009 may not universally apply to the age group in our study (late
adolescents), there was a strong relationship between students exposed to school gardening activities
consuming fruits and vegetable s because they were part of the school menu (p<0.0001) not necessarily
because of their richness in vitamins, fibres or minerals (p>0.05). 

This finding is consistent with the earlier findings by Ying et al., 2009 who reported gross lack of
awareness, knowledge among adolescents regarding health eating. The adolescent have poorly
developed frontal lobe which incapacitates their rational decisions (Ying et al., 2009).  However, students
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can benefit from intake of fruits and vegetables because of an enabling school environment like through
gardening even when they are not aware of the nutritional value of fruits and vegetables.

Students engaged in gardening activities in our study demonstrated positive attitude towards eating of
fruits and vegetables. The exposed group to gardening activities had higher scores on the fruit and
vegetable attitude questionnaire and they were able to appreciate that fruits taste good (p=0.01108). 
This finding has been explained by (Robinson-O’Brien R, et al., 2009) who reported high attitude towards
the intake of fruits and vegetables among the group exposed to gardening than the control. 

 

Consequently, exposure to a wider range of vegetables and fruits through gardening activities has been
observed to enhance a positive attitude (Kristjansdottir AG et al., 2006). Similarly involvement in the
production and preparation of food can influence the attitude of the students towards intake of fruits and
vegetables. Davis JN & Spaniol MR (2015) reported that school gardens empower students by raising
their attitude pertaining fruit and vegetable consumption. They also reported several fold increase in the
self-motivation and a positive attitude towards intake of fruits and vegetables by adolescents engaged in
gardening activities compared to the control.  However, the study by Jaenke et al., (2012) reported no
changes in fruit preference and vegetable intake as a result of a school gardening program.

 

The study was limited by scope as it was conducted in two schools only. These schools are both found in
low social economic status settings. The results may differ in high social economic status settings where
children have access to groceries and supermarkets with high quality and greater diversity of fruits and
vegetables.

Both schools are mixed public schools under the universal secondary school program. This could have
biased our findings

The questions in the survey commonly combined the fruits and vegetables for example how often do you
eat fruits and vegetables? The responses may differ if two surveys were used; one for fruits only and
another for vegetables. This could have caused discrepancies in our findings.

Again, clustering the fruits as for example hand fruits like bananas, apples, grapes could have biased the
results because this could have reported a false frequency due to inclusion of bananas yet apples and
grapes are rarely consumed by our participants.

 

In conclusion, the key findings of our study included the striking differences in frequency, knowledge,
attitudes, self-efficacy towards fruit and vegetable intake across gender divide.
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Although adolescents involved in school gardening activities had higher weekly fruit and vegetable
intake, overall, the intake of fruits among our study participants was low with servings per week less than
the recommended serving by the United states Department of Agriculture, USDA.

The students in both settings knew the nutritional value of fruits and vegetables though the exposed
students had higher scores. Moreover, the differences were not statistically significant.

The students had high self-efficacy and had self-confidence to eat fruits and vegetables in place of ice
cream, a snack or three times a day attributable to gardening. There was a significant correlation between
school gardening activities and consuming fruits and vegetables 3 times a day and, for a desert rather
than the snack or ice cream.

The students in both settings had positive attitudes towards fruit and vegetable intake with the exposed
group having higher scores. Thus hands on activity improve one’s motivation to perform a nutritional
behavioral response.

Study participants consumed more fruits than vegetables and had better knowledge, better attitude and
high confidence in consuming fruits than vegetables.

The study was done among day students from low social economic status parents. So we recommended
further studies in different settings to validate our findings.

The findings may differ if single sex, government or private schools were used, further studies can be
done in such schools then compare with mixed schools or private schools were compared with
government aided schools.
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Tables
 

Table 1: Demographic characteristics for the exposed and un exposed school to gardening practice

Characteristic unexposed Exposed Total
Sample size, n 170 185 355
Gender,      
Boys, n (%) 93(54.7) 107(57.8) 200(56.3)
Girls, n (%) 77(45.3) 78(42.2) 155(43.7)
Age, Mean ±SD      
Boys 19.11±1.29 19.2±2.86  
Girls 18.62±1.21 19.10±1.4  

 

Table 2: Distribution of fruit and vegetable intake of students per week in the exposed and unexposed schools
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Type of fruit/Vegetable Unexposed  school (185) Exposed  school (185)
  Mean ±SD Mean ±SD
Vegetable salad intake 4.32 ±6.67 3.8±3.7
Cooked/steamed greens 3.62± 3.68   4.2±4.0
Raw vegetables like cucumber 6.01± 2.72 7.4±7.7
Beans 11.09±10.0 11.6±11

  6.26±5.67 6.65±6.6

Average vegetable weekly intake 6.5±6.14
Tropical fruits like guava, mango, pineapple 6.55± 7.804 7.2±8.9  
Hand fruits like bananas, apples, grapes 5.88± 6.19 6.5±7.2  
Avocados 10.28± 10.69 12.3±10  
Melon 9.994± 9.86 9.1±7.8  

  8.2±8.6 8.8±8.5  

Average fruit weekly intake 8.5±8.6  

         

 

Table 3: The 2x2 table showing the distribution of weekly fruit and vegetable intake among the unexposed and
exposed students to gardening activities

          Fruit intake Vegetable intake Total OR P-value 95%CI
Unexposed  8 6 14      
Exposed 9 7 16      
Total 17 13 30 1.037 0.9607 0.2267 to 4.1018

 

Table 4: Mean scores ±SD on the attitudes towards fruit and vegetable intake among the students exposed and
unexposed to gardening activities

Student's attitude Unexposed School (n=170) Exposed school (n=185) P- value
  Mean frequency Score ±SD Mean score ±SD  
Fruits taste good 3.3±0.7 3.7±0.6 0.01108
Vegetables taste good 3.2±.041 3.5±0.4 0.67448
Peers too eat fruits & vegetables 0.9±1.0 0.8±1.0 0.4777
Fruits and vegetables are bitter/sour 1.6±1.3 1.7±1.5 0.41222
Total Mean score 2.25±0.9 2.43±0.9  

 

Table 5: Mean frequency scores (%) on the attitudes towards fruit and vegetable intake among the students
exposed and unexposed to gardening activities
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Student's attitude Unexposed school (n=170) Exposed (n=185)
  Mean frequency (%) Mean frequency (%)
Fruits taste good 3.3  (82.5) 3.7 (92.5)
Vegetables taste good  3.2  (80.0) 3.5 (87.5)
Peers too eat fruits & vegetables 0.9   (22.5) 0.8 (20.0)
Fruits and vegetables are bitter/sour 1.6 (40) 1.7 (42.5)
Total mean frequency 2.25 (56.3) 2.43 (60.6)

 

Table 6: Mean scores for the students attitudes towards vegetable intake for the exposed and unexposed to
gardening activities

Unexposed (n=170)  Exposed (n=185)   t-score p-value 95%CI

Mean ±SD   Mean ±SD        
1.671±0.7115   2.136±0.6347 6.53   p<0.0001  0.325 to 0.606

                 

 

Table 7: Mean score for the students attitudes towards intake of fruits in the among the exposed and unexposed
groups

  Mean ±SD      t-value  p-value  95%CI
Exposed (n=185) 2.26±0.619          
Unexposed (n=170) 1.78±0.712     -10.325 p<0.0001  -0.8122 to -0.5518

               

 

Table 8: Mean scores and % of the total scores for student's knowledge on fruit and vegetable intake among the
exposed and the unexposed students to gardening activities

Student's knowledge Unexposed (n=170) Exposed (n=185) p-value
  Mean score  Mean score  
Eating fruits is important for health 3.3±0.7 3.5±0.6 0.01108
Fruits  are sources of vitamins 3.6±0.6 3.5±0.7 0.13104
Fruits are served on school menu 0.4±0.7 3.4±1.0 <0.00001
Total mean score 7.3±2.0 10.4±2.3  
Vegetables are good for health 3.6±.041 3.8±0.4 0.67448
Vegetables are dietary fibers 2.9±1.1 2.8±1.0 0.58232
Vegetables are rich in minerals  2.9±1.2 3.0±1.2 0.8966
Total Mean score 6.1±2.71 10.1±2.6  
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Table 9: The 2x2 table on the student’s knowledge as regards the nutritional value of fruits and vegetables
among the exposed and unexposed students to gardening activities

  Fruit intake Vegetable intake Total OR p-value 95%CI

Unexposed 7 6 13      
Exposed 11 10 21      

Total 18 16 34 1.06 0.876 1.44 to -1.32

 

Table 10: Mean self-efficacy scores for fruit and vegetable intake among the exposed and the unexposed
students to gardening activities

    Unexposed (n=170) Expose (n=185) P-value
  Mean ±SD Mean± SD  
I can eat a F/V instead of chips as a snack 3.01±1.18 5.58±1.31 0.00804
I can eat a F/V instead of ice-cream  as a desert 2.82±1.35 3.64±1.48 0.0042
I can eat a F/V 3 times  a day 2.60±1.14 3.67± 2.60 <0.00001
I am sure I can eat F & V every breakfast 3.17±1.55 3.90±1.09 0.00338
I am sure I can eat F & V every lunch 3.19±1.79 3.81±1.42 0.05118
I am sure I can eat F & V every dinner 3.45±1.46 3.85±1.46 0.06724  
I can eat a F/V 2 times a day 3.43±1.52 3.09±1.37 0.1074

             

 

Table 11: Correlation between self-efficacy scores to fruit and vegetable intake attributable to gardening
activities

Gardening activities I can eat fruits and
vegetables rather a chip as a

snack

I can eat Fruits and
Vegetables 3times a

day

I can eat fruits and
vegetables every

dinner
We grow fruits &
vegetables at school

     
R=0.15 R=0.21 R=0.205

R2=0.0214 R2= 0.044 R2= 0.042

P=0.04776 p=0.004399 p=0.005223
I am involved in gardening      

R=0.1559 R=0.1935 R=0.1335
R2=0.0243 R2=0.0374 R2=0.0178

p=0.034084 p=0.008314 p=0.070047
My desired fruits are
present in the school
garden

     
R=0.174 R=0.2057 R=0.1632

R2=0.0303 R2=0.0423 R2=0.0266

P=0.01785 p=0.005123 p=0.026445
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Figures

Figure 1

Distribution of perceived intake of fruits among the exposed and unexposed students.
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Figure 2

Distribution of perceived intake of vegetables among the exposed and un exposed students.


