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  School garden programs have become increasingly popular for their diverse, 

positive benefits. School gardens are often promoted as a relatively low cost 

means to offer hands-on learning opportunities that may foster academic 

achievement, particularly in the sciences, however only six studies have been 

published on the impact of garden education programs on science achievement. 

Five out of six of these studies focused on elementary age students. One study 

has identified motivational engagement as the mechanism responsible for 

fostering academic success. 

  School gardens are more common in elementary schools. However, they may 

be most beneficial in a secondary school setting, when students tend to lose 

interest in academics and often perform poorly on national assessments of 

science. Thus, in this study we evaluated adolescent students at three schools 

with well-established garden education programs. We used pre-test and post-

test measures to see how students’ levels of various predictors of engagement 

(e.g. autonomy, competence, relatedness, and intrinsic motivation), actual 

engagement (in the realms of academics, science, and the garden), garden 



 

learning, and academic achievement measures (e.g. overall grade point average 

and science grade point average) would change over the course of this study. We 

also assessed how the different realms of engagement correlated with predictors 

of engagement, with garden learning, and with academic achievement measures. 

In addition, we examined correlations among the different realms of 

engagement. At one of the schools, a non-gardening group participated in the 

study as a control group. Thus, we also compared the gain scores in predictors of 

engagement, engagement, and academic achievement between the control and 

garden group from that school.  

  At all three schools, academic or garden engagement significantly increased 

for the garden groups. Garden engagement was significantly correlated with 

academic engagement, science engagement, or both, at each of the three schools 

for post-test measures. Predictors of garden-based engagement were 

significantly correlated with academic and/or science engagement at each 

school, at least for post-test measures. These results show that gardening may 

have the potential to be a contributor to positive motivational changes that in 

turn can be related across academic domains. 

  The non-gardening group showed significant gains in predictors of- and 

engagement itself, while the gardening group either marginally declined or 

maintained its level. However, the non-gardening group had significantly lower 

pre-test scores in comparison to the gardening group, which in part accounts for 

their comparative significant gain. The garden group showed significant 



 

increases in predictors of garden engagement and garden engagement itself. 

These results show that the garden group, comprised of at-risk students, are 

experiencing positive motivational benefits, which can possibly prevent further 

decline in their general performance.  

  The lack of improvement in academic achievement suggests that the full 

academic benefit of garden education programs has yet to be consistently 

reached. We recommend that researchers use a more refined evaluation test and 

survey, specific to the garden program at hand and include qualitative measures.  
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 1.1 Background on school gardens  

 

1.1.1 Brief history of school gardens  

School gardens are on the rise, despite being challenged by a lack of hands-on 

gardening curricula that meet state educational standards, inconsistent help, and 

funding vulnerability. Currently there are tens of thousands of school gardens 

nationwide, with 4,000 in California, alone (California Department of Education, 

2010; Skinner and Chi, 2012). While some may think that school gardens are an 

exciting new trend, they actually represent a centuries old tradition. School 

gardening first began in 1811 in Prussia (Desmond et al., 2004) and reached 

America in 1891 (Bachert, 1976; Desmond et al., 2004). By 1906, the United States 

Department of Agriculture (USDA) estimated there were around 75,000 school 

gardens (Bachert, 1976).  

School gardening flourished during World War I (WWI) and World War II 

(WWII), with financial and administrative aid from the United States government. 

During WWI, the federal War Department sponsored the United States School 

Garden Army (USSGA), with goals to ensure sufficient agricultural production and 

improve health (Hayden-Smith, 2006). During WWII, gardening was promoted via 

the “Food for Freedom” campaign, which was extremely successful in encouraging 

home and school gardeners. Nearly every citizen or at least someone they knew was 
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part of a war-inspired garden. Throughout this time, Americans consumed more 

fruits and vegetables than ever before or since, with forty percent of all produce 

being grown in “Victory Gardens” (Hayden-Smith, 2006). After the wars, gardening 

momentum waned as people tended to disassociate from all things related to the 

war, and garden funding was cut (Hayden-Smith, 2006).  

School gardens resurged and the number of community gardens increased in the 

1960s, revived by the environmental, counter culture, education reform, and war on 

poverty movements (Desmond et al., 2004; Green, 2004). The most recent rise in 

school gardens, starting in the 1990s, came from another boost for progressive 

education and revived interest in environmental and nutrition issues (Desmond et 

al., 2004; Green, 2004). In 1995, the California Department of Education launched 

the “Garden in Every School” initiative and since then, many other states have also 

been working to integrate garden and food system curriculum into their schools 

(California Department of Education, 2010). 

 

1.1.2 Overall benefits of school gardens  

School gardens are appealing to broad sectors of society because they provide 

benefits that target key areas of need for today’s youth: nutritional knowledge and 

diet, social/personal development, environmental awareness, and academic 

achievement. There is tremendous concern that school-aged children are not eating 

balanced diets, with some sources citing that up to 25% of children’s total calories 



 

4 

comes from discretionary fat and sugar (Winson, 2008). Students’ food choices are 

influenced in school by soda vending machines and franchises in the cafeteria 

(Roberts, 2002). Their food choices outside of school are influenced by marketing 

from the snack and fast food industries, whose advertising budgets are 119 times 

that of the United States Federal Department of Health and Human Services 

(Winson, 2008). Such influences do not bode well for the health of our nation. In 

fact, the United States Center for Disease Control and Prevention estimated that 

upwards of 1 in 3 Americans born in 2000 would contract diabetes during their 

lifetime (Vallianatos et al., 2004).  

It can be challenging to get children to eat healthy foods that are new to them. 

However, school garden programs provide an excellent way of exposing students to 

freshly grown fruits and vegetables. Generally, between 5 to 10 exposures are 

required to increase acceptance and intake of new foods (Birch et al., 1987; Heim et 

al., 2009). By being involved with a garden students may become more amenable to 

fruits and vegetables, increase their preference for them, and/or gain nutritional 

knowledge, all of which can lead to an increase in consumption.  

Studies have shown that garden-based nutrition programs lead to increased 

nutrition knowledge (Auld et al., 2011; Morris et al., 2002; Parmer et al., 2009; 

Ratcliffe et al., 2011), increased vegetable preference (Heim et al., 2009; Lineberger 

and Zajicek, 2000; Ratcliffe et al., 2011), and increased consumption of fruits and 

vegetables (McAleese and Rankin, 2007). Literature has also shown that garden 
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education programs lead to an increase in willingness to taste fruits and vegetables 

(Canaris, 1995; Morris et al., 2001; Ratcliffe et al, 2011) and increase vegetable 

intake (Parmer et al., 2009; Ratcliffe et al., 2011; Wright and Rowell, 2010). In fact, a 

meta-analysis of garden-based nutrition education programs also showed that these 

programs lead to an increase in vegetable intake, while the impacts of nutrition 

education programs alone were marginal to nonsignificant (Langellotto and Gupta, 

2012). Collectively, these studies show that it is possible for garden education to 

bring a change in attitudes towards, preferences for, and intake of fruits and 

vegetables. Because research has demonstrated an array of positive impacts from 

school garden programs, it is reasonable to suggest that school gardens should be 

used to help schools meet federally mandated school wellness policies (Ratcliffe et 

al., 2011).  

While gardening can foster healthy nutrition, spending time outdoors can also be 

seen as nurturing and intrinsic to social development, especially considering that 

the bulk of humankind’s history took place outdoors (Rivkin, 1997). Specifically, 

working in a garden can provide therapeutic relief (Watson, 1960), enhance self-

esteem (Robinson, 2005; Sheffield, 1992), and promote positive interactions in a 

physical setting where everyone can be included, not just those who excel in sports 

(Grant and Littlejohn, 2001; Moore and Wong, 1997). Garden programs also have 

been shown to improve a variety of group interaction skills, including community 

building, teamwork (Blair, 2009; Bunn, 1984) leadership, communication, self-
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understanding, volunteerism (Robinson, 2005), problem solving, and appreciation 

of cultural differences (Strom and Strom, 1996).  

In a garden setting, students learn to value each other and the environment 

(Harvey, 1989a, 1989b; Jaus, 1982, 1984; Skelly et al., 1998). While spending time 

outside, children foster a positive attitude towards the outdoors (Jaus, 1982; 1984; 

Skelly et al., 1998) and are less likely to want to dominate over nature (Harvey, 

1989a, 1989b). In fact, a survey of environmental educators and conservationists 

suggests that some of their environmental sensitivity stems from positive 

experiences with semi-wild or wild places during childhood (Chawla, 1997). 

The wide array of documented benefits from school gardens is perhaps due to 

their versatile applications, targeting both personal and academic lessons. The 

garden can be used as a tool for teaching across disciplines in school (Braun et al., 

1989). Teachers can utilize gardens for lessons in biology by reviewing the food 

web, chemistry through soil and plant nutrition studies, mathematics from 

calculating space use, economics by accounting for costs, and liberal arts by 

inspiring poetry. The possibilities are extensive, since the garden is a product of a 

broad and multi-faceted set of influences. Garden lessons also can be scaled 

according to students’ skill and grade level. For example, more advanced, older 

students can explore the details of soil microbiology while younger students may 

learn soil science in more general terms.  
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Garden-based lessons provide hands-on learning opportunities and meaningful 

experiences that potentially can help students better comprehend and retain 

lessons. Much attention has been focused on the prospect for gardening programs to 

enhance academic achievement, which is supported by a handful of studies (Table 

1). However, in order to effectively develop and deliver garden-based educational 

programs that consistently support academic achievement in youth, there is a need 

for more research on the academic impact of school gardens (M. Ratcliffe, personal 

communication, October 2010; Ozer, 2007; S. Sobell, personal communication, 

October, 2010). Specifically, educators and researchers both need a better 

understanding of the mechanisms that promote scholarly success in gardening 

classes.  

 

1.2 School gardens as innovative classrooms 

Public schools face increasing pressure to have their students perform well on 

standardized tests, especially due to recent education policy. The No Child Left 

Behind (NCLB) Act of 2001 requires annual testing of students in grades 3-8 

(Rudalevige, 2003; White House, 2012). The policy emphasizes performance 

specifically in math and literacy, and as a result, teachers often sacrificed social 

studies or science time in order to provide sufficient lessons on tested material 

(Knighton, 2003). Furthermore, under NCLB, student performance can be used to 

judge teacher quality (Robelen, 2009) and if schools do not improve student 
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achievement, they are vulnerable to lose funding for administrative operations 

(Rudalevige, 2003). Similarly, the Race to the Top contest of 2009 emphasizes using 

student achievement data in teacher evaluations. In fact, to be eligible for the 

contest, states can not have any laws firewalling such assessments (McGuinn, 2012).  

In light of these policies, one of the main appeals of hands-on, garden-based 

lessons is their innovative approach to improving academic achievement (Graham 

et al., 2005) at a fraction of the cost of building and maintaining a more traditional 

classroom laboratory. Garden-based lessons are a form of discovery learning and 

holistic education. Discovery learning promotes active, process-oriented lessons, 

where failure is important, feedback is necessary, and understanding is generally 

deeper (Castronova, 2002). With discovery learning, students exhibit higher 

motivation and retain information to the same extent or better than they do with 

classroom-based learning (Castronova, 2002). In holistic education, spiritual, social, 

emotional, moral, and physical growth are valued in addition to cognitive 

development (Green, 2004). Holistic educators strive for multiple approaches to 

teaching and learning and discourage memorization and dependency on textbooks 

(Green, 2004). Through either the discovery, holistic, or other pedagogies for 

garden-based lessons, school gardens provide a fun, interactive environment where 

students can learn about the world. 

Studies have shown that experiential curricula lead to improved learning (Kyle 

et al., 1988; Lieberman and Hoody, 1998), better performance on standardized tests 
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and grade point averages, and improved student behavior and attitude (Lieberman 

and Hoody, 1998). Recognizing the benefit of tactile learning, California public 

schools recommend that at least 40% of all science teaching be done experientially 

(Graham et al., 2005; Mabie and Baker, 1996).   

Specifically, garden-based lessons have been shown to improve academic 

performance in reading comprehension, spelling, and written language skills 

(Sheffield, 1992). School garden programs have shown additional benefits of higher 

retention rates and overall, enhanced learning (Desmond et al., 2004; Skelly, 2000). 

Furthermore, parents of students in garden programs report that they had never 

seen their children so excited about school before and absentee rates for the garden 

programs were extremely low (Sheffield, 1992).  

 

1.2.1 School gardens affect on science achievement  

While the school garden classroom can engage students across subjects, it has 

been used most frequently for science instruction (Graham et al., 2005; Skelly, 

2000). Improving science instruction is of specific concern, particularly in the 

United States where students’ science performance has been relatively poor. On the 

nationally administered exam, the National Assessment of Educational Progress, 

only about one third of eighth grade students scored at or above proficiency in the 

sciences since year 2000 (Institute of Education Sciences, 2012; Figure 1.1). By 



 

10 

twelfth grade, less than one quarter of students score at or above proficiency in the 

sciences (Institute of Education Sciences, 2012; Figure 1.1).  

 

 

Figure 1.1 Percent of eighth and twelfth grade students scoring at or above 
proficiency in the sciences, as measured by the National Assessment of Educational 
Progress (Institute of Education Sciences, 2012).   
 

In the international realm, United States students’ performance in the sciences 

lags behind other industrialized nations (Institute of Education Sciences, 2012). For 

example, in 2007, eighth grade students from the United States ranked 11 out of 48 

participating countries (Institute of Education Sciences, 2012). Such results leave 

room for improvement and incentivizes original, effective science teaching 

approaches.  
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Only a small pool of six studies has examined the efficacy of teaching science in 

the garden. All six of these studies show that students exposed to gardening 

improve in science achievement over time and/or in comparison with a control 

group (Table 1.1). At the same time, the degree of science achievement may be 

affected by additional variables such as the science topic(s) being highlighted or 

variation in personal attributes among students.  

School gardens’ potential for academic impact may be influenced by the amount 

of time spent on a topic, the specific subject(s) taught, or the age and gender of the 

students. For example, Smith and Motsenbocker (2005) showed that students in the 

gardening group performed best on the garden chapter with which they spent the 

most time. Chiasson and Burnett (2001) showed that the agriscience students 

outperformed non-agriscience students in all science domains on a graduate exit 

examination, with the exception of chemistry. This suggests that chemistry is better 

taught in a more traditional setting, but that the agriscience program fosters 

achievement across other science domains. With regard to age and gender effects, 

Klemmer et al. (2005) showed that while the gardening program was effective 

across grades three to five, it was most effective amongst fifth grade students. The 

study also showed that though gardening was an effective learning application for 

both genders, the academic performance was more pronounced for boys.  

Among these six studies, all but one of them evaluated elementary age students. 

School gardens are most often used at the elementary age level, when children are 
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more likely to have positive attitudes towards science and find the subject exciting 

(Yager and Yager, 1985). By middle and high school, students tend to feel that 

science is boring, uncomfortable, and not fun (Yager and Yager, 1985). It is at these 

ages that school gardens thus have the greatest potential to positively impact 

students’ academic achievement in the sciences.  

While all of these studies have shown positive academic effects from gardening, 

the mechanisms or key factors that foster effective programs remain unidentified in 

all but one study (Skinner and Chi, 2012). Skinner and Chi showed that engagement 

is key to a successful garden program and that it correlates with overall academic 

achievement (in math, science, and social studies) (2012).  
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Table 1.1 A summary of the studies on school gardens’ affect on science achievement. Intervention refers to the garden 
curriculum used. Exposure refers to the quantity of time participants spent in the garden program.  

Reference Participants N 
Control 
Present 

Intervention Exposure Results 

Chiasson & 
Burnett, 

2001 
11th grade, LA 31,497 Yes 

Agriscience, 
vocational course 

Agriscience 
class, for 

full school 
year 

Agriscience students scored 
significantly higher on the science 

portion of the state mandated 
graduate exit exam, compared to the 

control students 

Dirks & 
Orvis, 2005 

3rd grade, IN 277 No 
Junior Master 

Gardeners 
curriculum 

Curriculum 
taught over 

10-12 
weeks 

Pre and post test results indicated 
significant gains in garden knowledge 

and attitudes 

Klemmer et 
al., 2005 

3rd - 5th grades, 
Temple, TX 

647 Yes 
Junior Master 

Gardeners 
curriculum 

Part of 
science 

class for full 
school year 

Experimental group scored 
significantly higher on the science 
achievement test compared to the 

control 

Mabie & 
Baker, 1996 

5th - 6th grades, 
Los Angeles, CA 

147 Yes 

In-class projects 
 

OR 
 

Garden project 

3 projects 
over 10 
weeks 

OR 
10 garden 

classes over 
10 weeks 

Students in the garden groups had 
greater increases in science 

observational, communication, and 
comparison skills, compared to the 

control students. In-class project 
group had the greatest gains 

Smith & 
Motsenbock-

er, 2005 

5th grade, East 
Baton Rouge, LA 

119 Yes 
Junior Master 

Gardeners 
Curriculum 

2 hours / 
week, 14 

weeks total 

Experimental group showed 
significant improvement on the 

science achievement test compared 
to the control group 

Waliczek, et 
al., 2003 

2nd – 6th grades, 
21 teachers, 75 

volunteers, 
Santa Fe, NM 

175 No 
Math and Science 

in the Outdoor 
Classroom 

3 - 4 hour 
lab 

sessions, 
for full 

school year 

Students achieved all math and 
science learning objectives, including 

the highest level of evaluation and 
synthesis and had positive attitudes 

towards math and science 
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1.3 Self-determination theory as the conceptual framework for engagement  
 

Our study of the impact of gardening on engagement and academic achievement 

relies on an adaptation of the self-determination theory and is modeled based on the 

work of Skinner and Chi (2012). Self-determination theory proposes that people 

have three basic psychological needs: competence, autonomy, and relatedness, and 

schools can help meet these needs (Connell and Wellborn, 1991; Deci and Ryan, 

2000; Skinner and Chi, 2012). The degree to which these needs are met determines 

students’ level of engagement (Deci and Ryan, 2000). Engagement, in turn, has been 

used to predict learning and achievement (Figure 1.2). Learning and achievement 

have been shown to affect self-concepts pertaining to engagement, thus creating a 

reciprocal effect (Marsh et al., 2005).  
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Figure 1.2 A representation of the self-determination theory, as applied to this study (Skinner and Chi, 2012).  
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1.4 An overview of engagement  

Engagement is described in a four-part typology including 1) academic, 2) 

behavioral, 3) cognitive, and 4) affective engagement (Appleton et al., 2006; Furlong 

and Christenson, 2008). Academic engagement pertains to the amount of time a 

student spends doing school-related work and the amount of work actually 

completed. Behavioral engagement is reflected in attendance and participation in 

school and/or extracurricular activities. Thus, academic and behavioral measures of 

engagement are observable. On the other hand, cognitive and affective engagement 

have internal indicators. Cognitive engagement refers to students’ perception of the 

relevance of education for their future aspirations and is shown through interest, 

goal-setting, and self-regulation of performance. Affective engagement concerns 

one’s sense of belonging, connection, and support by parents, teachers, and peers 

(Appleton et al., 2006; Fredericks, 2004; Furlong and Christenson, 2008). Because 

cognitive and affective engagement cannot be directly observed, student self-

reports are considered a reliable and valid tool for their measurement (Appleton et 

al., 2006).   

Engagement, as described in these four typologies, can be conveyed behaviorally 

and emotionally (Jimerson et al., 2003). The behavioral aspects of engagement 

include a student’s effort, persistence, hard work and attention. The emotional 

aspects include a student’s enjoyment, interest and enthusiasm as it relates to 
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learning (Skinner, 2012). An engaged student appears confident, has intrinsic 

regulation, is socially connected, reaches for high learning goals, and is optimistic 

(Skinner et al., 2009). Disaffection is the opposite of engagement. It too includes 

behavioral aspects (e.g. passivity, inattention, lack of effort) and emotional aspects 

(e.g. boredom, frustration, and dissatisfaction) (Skinner, 2012). Engagement is a 

multidimensional structure and no one component (for example, only behavioral 

disaffection) can be used to measure engagement overall (Skinner et al., 2009). 

Thus, it is important for assessments to be comprehensive, targeting both 

behavioral/emotional engagement and disaffection (Skinner et al., 2009).  

 

1.5 Predictors of engagement  

 There are several elements that contribute to one’s level of engagement or 

disaffection with school. Such factors include our basic psychological needs: 

competence, autonomy, and relatedness. Empirical evidence supports the following 

additional predictors of engagement: intrinsic motivation, classmate support, 

teacher support, and family support. 

 

1.5.1 Competence 

 The need for competence, or the extent to which a person feels they can produce 

a desired event and prevent an undesired event (Patrick et al., 1993) is considered a 
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part of human nature (Harter, 1978; White, 1959). When perceived competence is 

low, students tend to move away from challenges and depend more on the teacher 

(Harter, 1992; Skinner, 1995). People with self-perceived low competence also feel 

generally negative emotions, such as anxiety, fear, sadness, embarrassment, guilt, 

and anger. High levels of competence lends to positive feelings, such as interest, 

curiosity, enthusiasm, pride, happiness, satisfaction, and joy (Skinner, 1995). 

Competence has been shown to predict exertion, attention, and persistence (Patrick 

et al., 1993), all of which are signs of engagement. Additional studies have shown a 

direct link between student competence and engagement (Fredericks, 2004; 

Skinner, 2012).   

 

1.5.2 Autonomy 

 Autonomy refers to the extent to which a person feels free to behave as they 

choose (Patrick et al., 1993). One’s level of autonomy falls on a spectrum between 

independence and sense of being controlled (Deci and Ryan, 1987). Students with 

low levels of autonomy (highly controlled) have reported a more negative emotional 

state and withdrawal behaviors (Miserandino, 1996).  

 Teachers can affect students’ autonomy by creating a supportive classroom 

environment (Jang, 2010). Maintaining structure through clear expectations, setting 

limits, consistently following through, and providing competence-relevant feedback 
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can help with student autonomy (Jang, 2010; Sierens et al., 2009). In addition, 

classroom techniques that support autonomy include providing students with 

choice, giving a rationale when constraining choice, and avoiding the use of 

controlling language (Sierens et al., 2009). Perceived sense of autonomy has been 

shown to affect one’s level of engagement (Patrick et al., 1993) and in turn also 

affect achievement (Miserandino, 1996). Specifically, students of autonomy-

supportive teachers have been shown to perform better than those of controlling 

teachers (Ryan and Powelson, 1991).  

 

1.5.3 Relatedness  

 Relatedness refers to one’s sense of belonging to a place and connections to 

peers, teachers, and family. Students’ sense of belonging has been associated with a 

positive emotional mindset (Anderman, 1999) and such social connections have 

been correlated with an individual’s self-esteem (Ryan et al., 1994), happiness, and 

act as a buffer to stress (Martin and Dowson, 2009). Both belonging (Anderman and 

Anderman, 1999; Goodenow, 1993; Roeser et al., 1996) and social ties (Connell and 

Wellborn, 1991; Furrer and Skinner, 2003; Murray and Greenburg, 2000) have been 

associated with motivation, engagement, and achievement.  
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1.5.4 Classmate Support 

 Emotional support from peers, which is an aspect of relatedness, correlates with 

engagement (Connell and Wellborn, 1991; Furrer and Skinner, 2003; Wentzel, 

1998). To that end, students tend to cluster with peers at similar engagement levels 

to themselves (Kindermann, 1993). Peers then influence each other’s sense of self-

efficacy and achievement as they model cognitive skills (Schunk and Hanson, 1985). 

Peers also influence self-efficacy by publicly labeling, ranking, and discussing with 

one another how smart their classmates are. Such appraisals serve to influence 

students’ self-beliefs (Bandura, 1997). Students select peers who will promote self-

efficacy in mutually-interesting directions, as a result, leaving other areas 

underdeveloped (Bandura, 1997).  

 

1.5.5 Teacher support  

Students’ relationship with their teachers has an important role in shaping their 

motivation, achievement (Birch and Ladd, 1996; Wentzel, 1998), and engagement 

(Birch and Ladd, 1997; Furrer and Skinner, 2003; Wentzel, 1998). Teachers have 

such strong influence because they exert a lot of control over the classroom, by 

providing classroom structure, supporting autonomy, and shaping the classroom 

environment. In addition, student-teacher relations have been shown to affect 

students’ relationships with peers (Howes et al., 1994).   
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1.5.6 Family support  

Family structure (the presence of both parents, number of siblings) can 

determine the opportunity for interpersonal interactions with parents (Israel et al., 

2001). Parental relationship quality is also shaped by process attributes, such as 

nurturing activities, discussion of school activities, and having high educational 

aspirations for children (Israel et al., 2001). A student’s relationship with their 

parents predicts engagement, however not to the extent that teacher relationships 

do (Furrer and Skinner, 2003). Still, research has shown that parental 

encouragement is positively related to motivation (Ginsburg and Bronstein, 1993). 

Furthermore, parental social support, particularly reassurance of worth, has been 

shown to predict college grade point average (Cutrona et al., 1994) and positive 

process attributes have been associated with better school performance (Israel et 

al., 2001).  

 

1.5.7 Intrinsic motivation 

 Intrinsic motivation implies self-derived motivation and self-regulation behind 

activities (Harter, 1992). For example, an intrinsically motivated student will engage 

in an activity “because it is fun” while an extrinsically motivated student will do so 

for fear of punishment or negative consequences (Connell and Wellborn, 1991). 

Students with high levels of intrinsic motivation tend to display enthusiasm, 
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spontaneity, excitement, and intense concentration while students with low 

motivation appear bored (Patrick et al., 1993). Intrinsic motivation has been linked 

to higher self-perceptions of competence (Harter, 1992; Ryan and Deci, 200). Such 

positive feelings and motivation towards work have been predictive of students’ 

engagement and achievement, directly (Skinner and Chi, 2012).  

 

1.6 Engagement in the garden  

 Gardening provides many opportunities for enhancing the predictors of 

engagement and engagement itself. In the garden students need to work 

cooperatively, whether together on the same garden plot or while sharing 

resources. While working as a group with similar goals, there is possibility for 

students to feel a stronger connection with their peers. Also, in the garden, students 

have an opportunity to see their teacher in an exciting and fun context. As a result, 

students may feel a greater sense of relatedness to and support from classmates and 

teachers.  

 In a garden setting, teachers may provide students with higher levels of control, 

allowing the student to see the repercussions or benefits from the way they design a 

garden or tend to their plants, for example. Students are empowered to use their 

personal judgment, problem-solving skills, and learn from their trials. Having 

students learn in such a way can increase students’ sense of competence and belief 
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in their abilities. Furthermore, while working in the garden students become more 

comfortable over time and are able to take on certain tasks without direction, 

possibly enhancing their autonomy.  

 Gardening also can increase students’ level of motivation, since the health of the 

garden is largely dependent on how much effort is put forth. Students can become 

drawn to working in the garden, knowing that without their work the garden would 

suffer.  

 While gardening can lead to increases in the predictors of engagement, it can 

also increase engagement itself. The garden is a captivating setting, where students 

can actively participate in garden-related tasks, as well as their own learning. This 

garden-specific engagement can transfer to general engagement with school, which 

may foster increased academic achievement. In general, research has shown that 

more engaged students perform better in school (Fredricks et al., 2004; Furlong and 

Christenson, 2008; Jimerson et al., 2003; Marsh et al., 2005; Skinner and Chi, 2012).  

 

1.7 Research Hypothesis   

 In this study, we examined the influence of garden education programs on 

adolescents in three schools to see how students’ academic achievement was 

influenced by their work in the garden. Specifically, we tested four related 

hypotheses:  
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 1) Changes Over Time:  Over the course of a science focused gardening program, 

we expected there to be increases in the levels of predictors of both garden- and 

academic-based engagement. Similarly, we expected there to be an increase in 

garden-, science-, and academic-based engagement over time. We also expected that 

academic achievement (as measured through science grade point average and 

overall grade point average) would increase over the course of this study.   

 2) Engagement in the Garden:  Students’ actual levels of engagement in the 

garden would correlate with the predictors of both garden- and academic-based 

engagement; engagement in academics (in general) and science (specifically); 

garden learning; and achievement in school (in general) and science (specifically). 

Here, science grades, overall grades, and science standardized test scores are used 

as measures of academic achievement.  

 3) Engagement in Academics (in general) and Science (specifically): Students’ 

levels of engagement in academics and science would correlate with the predictors 

of both garden- and academic-based engagement; garden learning; and achievement 

in school (in general) and science (specifically) (same achievement measures as in 

#2). Thus, feelings towards the garden would translate to other realms of student 

life, such that the predictors of garden engagement correlate with science- and 

academic-based engagement and engagement from different domains would 

influence garden learning.   



  

25 

  
 

 4) Comparison with Control Group:  Students who garden would exhibit greater 

increases in predictors of academic-based engagement, engagement in academics 

(in general), engagement in science (specifically), and achievement in school (in 

general) and in science (specifically), relative to students who did not garden.  

 Our study is modeled upon the work of Skinner and Chi (2012). Nonetheless, it 

differs in a few key respects. First, Skinner and Chi (2012) measured student 

engagement via a one-time administration of their survey in the Spring, whereas we 

assessed engagement over a longer time period, by surveying students in February 

and again in May/June. Second, Skinner and Chi (2012) measured student 

engagement at a single school, whereas we looked at student engagement in three 

separate schools. Finally, Skinner and Chi (2012) only measured engagement for 

students working in a learning garden, whereas we measured engagement for 

students in science classes that incorporated gardens into the curriculum as well as 

a more traditional science class that did not make use of a school garden.  
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2.1 Abstract 
 
 School garden programs have become increasingly popular for their diverse, 

positive benefits. A handful of studies have shown that garden education programs 

have been associated with improved academic achievement in the sciences. 

However, most of these studies focused on elementary age students, while 

adolescence is often when students start to lose interest in science. Thus, middle 

school and high school may be the most beneficial time to employ garden-based 

science education. One study on middle school students in a garden program, 

suggested motivational engagement as the mediating factor to students’ academic 

improvements. We also expected that engagement would be key to any positive, 

academic benefits of garden education programs. 

 In this study, we evaluated adolescent populations at three schools with garden 

education programs to see how predictors of engagement, engagement itself, and 

academic achievement in the sciences and in general would change over the course 

of a gardening program. In addition, we analyzed key relations between predictors 

of engagement, engagement, and academic achievement. Lastly, at one of the 

schools, a control group participated in the study. We compared changes in scores 

for predictors of engagement, engagement, and academic achievement between the 

control and garden group from that school, both of who are considered at-risk 

populations.  
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 We found that either academic or garden engagement significantly increased for 

the garden groups at each of the three schools. In addition, garden engagement was 

significantly correlated with academic engagement, science engagement, or both at 

each of the three schools. Predictors of garden-based engagement were significantly 

correlated with academic and/or science engagement at each school. These results 

provide evidence that gardening could be a factor related to positive motivational 

changes, which can be related across academic domains. However, we found no 

evidence of improvements in academic achievement over the course of our study. 

This lack of improvement in academic achievement suggests that there is a need to 

specifically develop garden education lessons that better foster academic 

achievement, consider having the researchers implement the garden program, and 

create test instruments that can capture academic gains related to gardening 

programs. Also, it would be beneficial to incorporate additional, qualitative 

measures into studies such as ours, in order to gain more insight on the influence of 

garden education programs on students’ academic development.  

 When comparing the garden group to a control at a single school, we found that 

the control group showed significant gains in predictors of academic engagement, 

academic engagement itself, and science engagement while the gardening group 

either marginally declined or showed no change over time. However, the garden 

group did show significant increases in predictors of garden engagement and 
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garden engagement itself. Thus, the garden may be contributing to these positive 

motivational effects and possibly preventing further decline in their general 

academic engagement.  

 
 
2.2 Introduction  
 
 Currently, the number of school gardens is estimated to be in the tens of 

thousands, nationwide, with more than 4,000 in California, alone (California 

Department of Education, 2010; Skinner and Chi, 2012). While school gardens may 

be seen as an exciting new trend, they actually represent a centuries old tradition. 

The first school garden was grown in Prussia in 1811 (Desmond et al., 2004) and 

community level gardens were popularized in the United States during World War I 

and World War II (Hayden-Smith, 2006). Most recently, the 1990s have seen a rise 

in school gardens, prompted by a boost for progressive education and revived 

interest in public health and the environment (Desmond et al., 2004; Green, 2004).  

 Garden education programs are especially appealing today because they provide 

benefits in key areas of need for today’s youth: improving nutritional knowledge 

(Auld et al., 2011; Morris et al., 2002; Parmer et al., 2009; Ratcliffe et al., 2011) and 

diet (Langellotto & Gupta, 2012; Ratcliffe et al., 2011; Parmer et al., 2009; Wright 

and Rowell, 2010), social/personal development (Blair, 2009; Bunn, 1984; 

Robinson, 2005; Sheffield, 1992; Strom & Strom, 1996; Watson, 1960), and 
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enhancing environmental awareness (Harvey, 1989a; 1989b; Jaus, 1982, 1984; 

Skelly et al., 1998).  

 School gardens have also been used as a tool for aiding in academic 

achievement; however, few studies have examined the influence of school gardens 

on students’ academic success. Success in science is of particular concern as roughly 

two thirds of American eighth grade students score below proficiency in the 

sciences (Institute of Education Sciences, 2012). Efforts to increase students’ 

achievement in the sciences is complicated by an overall trend towards loss of 

interest in the subject (Yager and Yager, 1985), such that by high school, many 

students tend to take only the minimum number of science classes required for 

graduation (Simpson and Oliver, 1990). Thus, finding ways to increase students’ 

interest in the sciences, so that they pursue more rigorous coursework, is an 

important component of increasing students’ success in the subject.  

 Despite the loss of interest in science throughout a student’s career and the 

potential for gardens to provide an engaging learning environment, most studies of 

the impact of gardens on academic achievement have focused on elementary-aged 

students. For example, a small pool of four studies on elementary age students has 

shown that school garden programs foster increases in science achievement  

(Klemmer et al., 2005; Smith and Motsenbocker, 2005), skills (Mabie and Baker, 

1996) and attitudes (Dirks and Orvis, 2005). Although these results are 
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encouraging, it is important to remember that adolescence often marks the 

beginning of a decline in school grades, motivation, and interest in school for some 

individuals (Eccles et al., 1993). Thus, secondary schools may be the optimal setting 

in which to utilize tools and teaching methods that keep students engaged, with the 

incorporation of school gardens into science curricula representing one such option.   

 Recently, Dr. Ellen Skinner and Una Chi published a study (2012) on middle 

school students in a gardening program showing that students’ motivational 

engagement in the garden was positively correlated with garden learning and 

achievement in school. In addition, they identified garden engagement as a key 

factor contributing to learning and achievement, which can be helpful when 

designing future programs.  

 Like Skinner and Chi, we predicted that engagement plays a key role in academic 

success. Our study of engagement in the garden and academic setting relies on an 

adaptation of the self-determination theory. Self-determination theory proposes 

that people have three basic psychological needs: competence, autonomy, and 

relatedness, and that schools can help meet these needs (Connell and Wellborn, 

1991; Deci and Ryan, 2000 Skinner and Chi, 2012). The degree to which these needs 

are met determines a student’s level of engagement (Deci and Ryan, 2000). 

Engagement, in turn, has been used to predict learning and academic achievement 

(Appleton et al., 2006; Connell and Wellborn, 1991; Marsh et al., 2005) and students’ 
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likelihood of staying in- versus dropping out of high school (Hardre and Reeve, 

2003).  

 Engagement can be conveyed behaviorally and emotionally (Jimerson et al., 

2003). The behavioral aspects of engagement include a student’s effort, persistence, 

hard work, and attention. The emotional aspects include a student’s enjoyment, 

interest, and enthusiasm as it relates to learning (Skinner, 2012). An engaged 

student will appear confident, have intrinsic regulation, be socially connected, reach 

for high learning goals, and be optimistic (Skinner et al., 2009). Disaffection is the 

opposite of engagement. It too includes behavioral aspects (e.g. passivity, 

inattention, lack of effort) and emotional aspects (e.g. boredom, frustration, and 

dissatisfaction) (Skinner, 2012). 

 Competence, autonomy, and relatedness contribute to one’s level of engagement 

or disaffection with school. Additional predictors of engagement include intrinsic 

motivation, classmate support, teacher support, and family support. Competence 

refers to the extent to which a person feels they can produce a desired event and 

prevent an undesired event (Patrick et al., 1993). Competence has been shown to 

predict exertion, attention, and persistence (Patrick et al., 1993), which are signs of 

engagement and has been directly linked to engagement, as well (Fredericks, 2004; 

Skinner, 2012). Autonomy refers to the extent to which a person feels free to behave 

as they choose (Patrick et al., 1993). Perceived sense of autonomy has been shown 
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to affect one’s level of engagement (Patrick et al., 1993) and in turn also affects 

achievement (Miserandino, 1996). Relatedness refers to one’s sense of belonging to 

a place and connections to peers, teachers, and family. Both belonging (Anderman 

and Anderman, 1999; Goodenow, 1993; Roeser et al., 1996) and social ties (Connell 

and Wellborn, 1991; Furrer and Skinner, 2003; Murray and Greenburg, 2000) have 

been associated with motivation, engagement, and achievement.  

 In this study, we examined the influence of garden education programs on 

adolescents in three schools to see how students’ academic achievement was 

influenced by their work in the garden. Specifically, we tested four related 

hypotheses:  

 1) Changes Over Time:  Over the course of a science focused gardening program, 

we expected there to be increases in the levels of predictors of both garden- and 

academic-based engagement. Similarly, we expected there to be an increase in 

garden-, science-, and academic-based engagement over time. We also expected that 

academic achievement (as measured through science grade point average and 

overall grade point average) would increase over the course of this study.   

 2) Engagement in the Garden:  Students’ actual levels of engagement in the 

garden would correlate with the predictors of both garden- and academic-based 

engagement; engagement in academics (in general) and science (specifically); 

garden learning; and achievement in school (in general) and science (specifically). 
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Here, science grades, overall grades, and science standardized test scores are used 

as measures of academic achievement.  

 3) Engagement in Academics (in general) and Science (specifically): Students’ 

levels of engagement in academics and science would correlate with the predictors 

of both garden- and academic-based engagement; garden learning; and achievement 

in school (in general) and science (specifically) (same achievement measures as in 

#2). Thus, feelings towards the garden would translate to other realms of student 

life, such that the predictors of garden engagement correlate with science- and 

academic-based engagement and engagement from different domains would 

influence garden learning.   

 4) Comparison with Control Group:  Students who garden would exhibit greater 

increases in predictors of academic-based engagement, engagement in academics 

(in general), engagement in science (specifically), and achievement in school (in 

general) and in science (specifically), relative to students who did not garden.  

 Our study is modeled upon the work of Skinner and Chi (2012). Nonetheless, it 

differs in a few key respects. First, Skinner and Chi (2012) measured student 

engagement via a one-time administration of their survey in the Spring, whereas we 

assessed engagement over a longer time period, by surveying students in February 

and again in May/June. Second, Skinner and Chi (2012) measured student 

engagement at a single school, whereas we looked at student engagement in three 
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separate schools. Finally, Skinner and Chi (2012) only measured engagement for 

students working in a learning garden, whereas we measured engagement for 

students in science classes that incorporated gardens into the curriculum as well as 

a more traditional science class that did not make use of a school garden.  

 
 
2.3 Methods  

 

2.3.1 School garden program recruitment  

Potential study sites for this research were first identified via recommendations 

from members of the Oregon Farm to School and School Garden Network. From 

these recommendations, we compiled a list of 51 Oregon public, private, charter, 

and alternative schools with gardens. Each of these schools were contacted to 

determine if they had a well-established gardening program, which we defined 

according to the following criteria:  

1) The school had a garden that was fully installed, rather than one that

 was in the process of being installed or developed.    

2) A teacher, garden coordinator and/or other school staff supervised the 

 school garden and the students who tended the garden.   

3) The school garden was actively used as a tool and/or a site to teach 

 science lesson plans to one or more classes.   
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4) Students, on average, used the school garden for at least 45 

 minutes per week, during the school year.   

 Based on these criteria, as well as the number of schools that responded to our 

queries, we developed a list of fourteen potential schools. From this list of candidate 

schools, key administrative and instructional figures (e.g. principals, teachers using 

the garden, garden coordinators) were contacted via email to introduce the 

objectives of this project and to get a sense of the feasibility of each school’s 

participation. Seven of these schools expressed interest in participating in the 

project. At each of the interested schools, researchers met with one or more of the 

aforementioned authorities in order to provide more information on the proposed 

research. These seven schools decided they were willing to be part of the study, 

however, one school was dropped from the study because upon visiting, we realized 

it did not fit our criteria of a well-established garden. The school district of each of 

these schools was contacted in order to determine the protocol for obtaining a letter 

of support, as required by the Institutional Review Board. The Oregon State 

University Institutional Review Board approved this study on December 12, 2011. 

 In order to find internal control groups within each school, teachers of the 

garden groups were asked to recommend a science teacher with classes of students 

at a similar academic caliber to theirs, but who did not use the school garden. Four 

of the six schools responded that they had teachers who would be willing to 
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coordinate their class serving as a control group. In one of the other two schools, all 

students participate in the garden program.  Thus, there was no suitable control 

group within that school. In the other remaining school, no comparable control class 

was identified. 

 

2.3.2 Student recruitment 

We recruited student participants for this study by visiting 23 classes across the 

six schools in late January through early February 2012. In each class, we described 

the proposed research project and distributed assent forms for the students and 

consent forms for students to take home to their parents. About one week later, we 

returned to retrieve completed assent and consent forms. Three of the six schools in 

our initial pool of study sites had poor permission slip return rates of 13%, 10%, 

and 8% which represented four or fewer potential participants from the gardening 

classes at each school. These schools were eliminated from the study, after 

considering the low statistical power from studying such small populations and 

costs associated with travel to and from each school. Thus, we were left with three 

schools, which we refer to as ‘School A’, ‘School B’ and ‘School C’. Only one of these 

final schools, School C, had a comparable, non-gardening science group consisting of 

three classes that could serve as an internal control.  
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Table 2.1. Study site descriptions, including student population, demographics, and free/reduced lunch statistics 
retrieved from 2008/09. The sources of information represented in this table are indicated as follows:  * = Institute of 
Education Sciences, 2011. ** = Public School Review, 2011. *** = Administrative assistants, principals, and teachers, 
personal communication, Spring 2011 

 School A School B School C 

School Type* Public middle school Alternative high school Public high school 

Student 
Population* 

374 71 2215 

Student 
Demographics* 

60% Black 
19% Latino 
15% White 

6% Asian/Pacific Islander 
1% American 

Indian/Alaskan 

3% Black 
6% Latino 
87% White 

2% Asian/Pacific Islander 
3% American 

Indian/Alaskan 

2% Black 
7% Latino 
74% White 

17% Asian/Pacific Islander 
1% American 

Indian/Alaskan 

 Students Eligible 
Free/Reduced 

Lunch** 
74%/10% 51%/4% 16%/4% 

Year Garden 
Established*** 

2007 2009 2009 

Garden 
Description*** 

Two 8000 square foot 
gardens: One with native, 

non-edible plants the other 

Three vegetable gardens, 
totaling 9100 square feet 

and a greenhouse 

One vegetable garden along 
with fruit trees and berries, 

totaling approximately 
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with 34 raised vegetable 
beds 

8000 square feet 

Garden Use*** 
Primarily 7th and 8th grade, 

30 minutes/week 
9th through 12th grade, 50 

minutes/week 
9th through 12th grade, 60 

minutes/week 

Subject 
Integration*** 

Used in Earth and Space 
Science 

Used across subjects and 
in garden class 

Used primarily in the 
Sustainable Systems class 
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2.3.3 Study site descriptions 

School A is an urban, public middle school with students in grades K through 8. 

Historically, the garden has been used by seventh and eighth grade students and 

incorporated into their science instruction, such that students participated in 

garden based learning for about 45 minutes per week. However, in 2012, the school 

district changed the science curriculum. Because of these changes, students were 

not able to participate in as many garden-based lessons as students in prior years. 

Time spent in the garden fluctuated according to the seasons and lessons, as well. As 

a result, the students spent an average of 30 minutes per week participating in 

garden-based instructional activities.  

Students performed a multi-week soil experiment, prepared for planting, 

planted, and tended the garden. Each student adopted a raised garden bed and 

made observations on plant growth and development, insects, and additional 

gardening processes that captured their interest at least once every two weeks. The 

class regularly collected cafeteria food scraps for compost and monitored the 

compost pile every two weeks. Students also acted as “Plant Ambassadors,” where 

they worked with other classes to establish trays of transplants. These activities 

were specifically aligned with statewide standards. In addition, the class also 

regularly used the garden as an alternative work environment in order to enjoy 

good weather or participate in exploratory activities. Garden produce is consumed 

by students and is used in the salad bar for one to two weeks each school year.  
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School B is an alternative, public high school that serves students in grades 9 

through 12, in a small suburban/rural town. Students at School B are generally 

considered at-risk, concerning personal behavior and graduating from high school. 

Many students transfer into the school after not having success in a traditional 

public school. As an alternative school, School B’s pedagogy is heavily weighted on 

experiential learning, often through community outreach. Hands-on projects 

account for at least 3 hours of the 7-hour school day.  

All students (except seniors who may choose an elective, instead) and a garden 

manager maintain the garden. Students spent 50 minutes per week in the garden or 

greenhouse. The garden curriculum was based on the Junior Master Gardener 

program and components from sustainable agriculture programs at University of 

California, Santa Cruz, Oregon State University, and Cornell University. Students 

learned about soil analysis, composition, and nutrients. They were actively engaged 

in garden design, planning, and construction of structures used in the garden, such 

as trellises and compost bins. Students also learned various propagation techniques, 

including grafting, bulb division, and stem cuttings. Students take home garden 

produce and excess produce is donated to the local food bank.  

School C is a suburban public high school that serves students in grades 9 

through 12.  School C has a reputation for being focused on sustainability; the school 

building was designed to be environmentally friendly and the school has a strong, 
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student-run recycling program. A student manager and students from the 

Sustainable Systems and Environmental Science classes maintain the garden. 

Students enrolled in these classes are also considered academically and 

behaviorally at-risk. The Sustainable Systems and Environmental Science classes 

offer an alternative class structure and approach to learning. The Sustainable 

Systems class focused their lessons within the garden, while the Environmental 

Science class held most of their lessons in the general outdoors. Thus, only the 

Sustainable Systems class was included in our study. The garden was thoroughly 

and intensively incorporated with the class, spending 60 minutes per week in the 

garden. The Sustainable Systems class actively learned about square foot gardening, 

companion planting, pruning, composting, amendments, soil observation, year 

round gardening, seed and plant development, pollinators, garden ecology, and 

industrial versus local agriculture. Produce from the garden is sold through a 

community-supported agriculture program and donated to local charities.  

The Earth Science classes at School C were used as a control group comparison 

to the Sustainable Systems class. These Earth Science classes consisted of average- 

to below average- achieving students, similar in academic caliber to students in the 

Sustainable Systems class. In an average week of Earth Science class, these students 

spent ~30% of class time doing hands-on work for a lab, ~30% of class time in 

lecture, discussion, reading, or answering questions, and the remaining ~40% of 

class time learning and performing exercises through a video or the internet.  
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2.3.4 Measuring student engagement and predictors of engagement  

We used a survey to measure levels of engagement and predictors of 

engagement for students in gardening (Appendix 2.1) and non-gardening (Appendix 

2.2) classes. These surveys were adapted with minimal changes from a validated 

instrument developed by the Learning-Gardens Educational Assessment Group at 

Portland State University to measure the emotional and behavioral facets of 

engagement in students at least at the 6th grade learning level (Skinner & Chi, 2012).  

Each survey consisted a series of questions, which were followed by a five-point 

Likert scale that ranged from ‘1’ (not at all true) to ‘5’ (totally true). A total of 105 

statements were included in the survey for the gardening group (Appendix 2.1) and 

60 for the non-gardening group (Appendix 2.2). These statements addressed 

behavioral engagement (e.g., “I try hard to do well”), emotional engagement (e.g., “I 

feel good”), behavioral disaffection (e.g., “My mind wanders”), and emotional 

disaffection (e.g., “I feel bored”). The statements also measured the following 

predictors of engagement: sense of belonging, competence, resilience, self-perceived 

autonomy, intrinsic motivation, teacher support, family support, family pride, 

classmate support, teacher engagement, value, and learning. On surveys given to 

students in the gardening classes, there was also a space for students to describe 

what they liked best about working in the garden. See Table 2.2 for the distribution 

of questions per predictor of engagement or engagement.  
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Table 2.2 Distribution of questions in the survey measuring various predictors of 
engagement and types of engagement. 

In School 

Facet 
Number of 

Survey 
Statements  

Example 

Sense of Engagement 8 I try hard to do well in school. 

Sense of Engagement 
in Science 

6 Science is interesting.  

Science Teacher 
Engagement 

2 My science teacher loves science.  

Sense of Belonging 5 
Sometimes I feel like I don’t belong 

at this school. 
Perceived 

Competence 
6 

If I decide to learn something hard, 
I can.  

Resilience 6 
If a class is really hard, I’ll probably 

do badly in it.  

Sense of Autonomy 5 
[I do my school work] because 

doing well in school is important to 
me. 

Intrinsic Motivation 2 
[I do my school work] because it’s 

fun.  

Teacher Support 8 My teachers really care about me.  

Classmate Support 3 I fit in with the kids at school.  

In the Garden 

Sense of Engagement 11 I don’t care if I miss gardening class.  

Garden Teacher 
Engagement 

3 
My teacher enjoys teaching us 

about the environment.  
Perceived 

Competence 
4 I am pretty good at gardening.  

Sense of Value for 
Gardening 

2 
The garden makes our school 

special.  

Sense of Belonging 4 
The garden is a good place for 

students like me.   
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Sense of Purpose 3 
By gardening, we can make the 

world a better place.   

Intrinsic Motivation 3 
[I garden because] it’s cool to see 

things grow.  

Sense of Autonomy 5 
[I garden because] our teacher said 

we had to; otherwise I probably 
would not.  

Garden Teacher 
Support 

4 
My teacher is good at explaining 

how to garden.  
Learning in the 

Garden 
6 

I learned I can make a garden grow 
at home.  

At Home 

Family Pride 3 
We have cool traditions in our 

family.  

Family Support 6 I do lots of things with my family.  

 

2.3.5 Survey administration   

Using the signed assent and consent forms and class roster lists, we created a list 

of students that were participating or not participating in the study. We 

administered the survey by roll-calling the names of participating students and 

bringing them to a location (e.g. cafeteria, different classroom, library) where they 

completed the survey. Students were surveyed in mid-February, 2012 as a pre-test 

measure of engagement and again sometime between mid May to early June, 2012, 

as a post-test. At the time of the pre-test measure, students had already been a part 

of the garden education program for ~4 mos., however, the bulk of the outdoor 

gardening took place after February.  
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Response rates for the pre-test and post-test varied depending on which 

students were present during surveying (Table 2.3). 

 

Table 2.3 Total response rates for pre-test and post-test surveying among all three 
schools.  
 

School # Pre-survey 
responses 

% of class 
participating 

# Post-survey 
response 

% of class 
participating 

A 35 70 36 72 

B 24 40 14 23 

C 
Garden 

17 49 22 63 

C 
Non-garden 

55 51 29 27 

 

2.3.6 Grade and standardized test score collection   

Students’ grades for all subjects and Oregon Assessment of Knowledge and Skills 

(OAKS) standardized science test scores were collected from the district’s personnel 

in charge of data, the principal’s administrative assistant, or teachers.  

Students receive just one OAKS science test score per testing year. The maximum 

score for the 8th grade is 295. A score of at least 229 designates that the student 

“nearly meets” the standards, a score of 235 or higher “meets” the standards, and a 

score of 247 or higher “exceeds” the standards. For high school, the maximum score 

is 300. A score of at least 235 designates that the student “nearly meets” the 
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standards, a score of 240 or higher “meets” the standards, and a score of 252 or 

higher “exceeds” the standards.  

School A was on a quarterly schedule, School B on a trimester schedule, and 

School C on a semester schedule. Grade point averages were obtained for the full 

school year. Letter grade scores were converted to a standard four point GPA scale, 

with A = 4.0, B = 3.0, C = 2.0, D = 1.0, F = 0. A total of 33, 29, and 19 grade and test 

reports were obtained from garden classes at schools A, B, and C, respectively. A 

total of 55 grade and test reports were obtained from non-garden classes at school 

C.  

 

2.3.7 Data analysis 

Because the three schools included in this study were distinctly different from 

one another in student demographics, class content and gardening exposure (Table 

2.1), analyses were separately conducted for each school. 

A mean score for each facet measured in the survey (Table 2.2) was calculated 

per individual. Negative question items (for example, “I don’t care about getting 

good grades.”) were reverse-coded for analysis. 

In order to test our four hypotheses, the following statistical tests were 

performed. For our first hypothesis, paired t-tests were performed for Schools A, B, 

and C to evaluate changes in a) levels of predictors of both garden and academic 

based engagement, b) garden-, science-, and academic-based engagement, and c) 
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science grade point average (GPA), and overall GPA, from pre-test to post-test. The 

control group was not included in this analysis, since this hypothesis was 

exclusively aimed at the garden groups. All survey data were matched, between the 

pre-test and post-test measures such that only individuals who had completed both 

rounds of surveying were included in analysis. For grade scores, only individuals 

who had complete records, accounting for the last and first term of school, were 

included in the study. The data was checked for normality using the Shapiro-Wilk 

test. Any non-normal data was evaluated using the Wilcoxon-Mann-Whitney paired 

t-test and normal data was evaluated using the Student’s t-test.  

We conducted a series of correlation tests in order to address our second set of 

hypotheses, where we evaluated correlations between garden engagement and a) 

predictors of engagement, b) science and academic engagement, c) garden learning, 

and d) achievement measures (including science standardized test scores). The 

control group was not included in this analysis, since this hypothesis was 

exclusively aimed at the garden groups. For correlating predictors of engagement to 

engagement measures, only individuals who had completed both a pre-test and 

post-test survey were included in the study. For grade and test scores, only 

individuals who had completed both pre-test and post-test survey measures and 

had achievement data were included in the study. The data was first evaluated for 

normality using the Shapiro-Wilk test. Non-normal data was evaluated using the 
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Spearman’s rank correlation and normal data was evaluated using the Pearson 

correlation.  

For our third hypothesis, evaluating correlations involving science and academic 

engagement, we used the same set of tests, as described in the previous paragraph 

(e.g. Shapiro-Wilk test, followed by Spearman’s rank correlation test or Pearson’s 

correlation test, as appropriate). The same sample sizes also apply.  

For the fourth hypothesis, we used unpaired t-tests to compare changes from 

pre-test to post-test in survey measures and academic achievement measures in the 

gardening and non-gardening group at School C. Only those students who had 

completed both a pre-test and post-test survey were included in the study. The data 

was evaluated for normality using the Shapiro-Wilk test. Then, non-normal data was 

evaluated using the Wilcoxon-Mann-Whitney unpaired t-test while the Welch’s test 

was used for normal data.  

We qualitatively analyzed gardening students’ responses to the open-ended 

survey question, “What do you like BEST about the garden?” by categorizing the 

responses and counting the total responses per category.  

 
 
2.4 Results 
 
 The results for Schools A, B, and C are presented separately, since independent 

data analyses were conducted for each school.  
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2.4.1 School A 
 
Table 2.4 Means and standard deviations (SD) for pre-test and post-test scores of 
predictors of engagement and all types of engagement at School A. Scores range 
from a 1-5 scale. Differences in pre-test and post-test means were evaluated for 
significance using paired t-tests.  

 
Pre-Test 
(N=31) 

Post-Test 
(N=31) 

Mean 
Difference 

 Survey Facet Mean SD Mean SD 

Academic Self-perceptions: 
   Engagement 3.44 0.42 3.74 0.68 0.30* 

Relatedness 3.25 0.93 3.16 0.95 -0.09 
Competence 4.35 0.58 4.48 0.46 0.13 
Autonomy 3.37 0.78 3.28 0.80 -0.08 
Intrinsic Motivation 2.50 1.12 2.35 1.02 -0.15 
Teacher Support 3.48 0.95 3.25 0.98 -0.22 
Family Support 4.11 0.93 3.97 0.98 -0.14 
Classmate Support 3.91 0.93 3.78 0.97 -0.13 

Science Perceptions: 
     Science Engagement  3.95 0.76 3.69 0.80 -0.26 

Science Teacher 
Engagement 4.70 0.60 4.43 0.93 -0.27 
Garden Self-perceptions: 

    Engagement 3.56 0.80 3.23 0.84 -0.32 
Relatedness 2.26 0.66 2.17 0.87 -0.09 
Competence  3.01 0.80 2.91 0.92 -0.10 
Autonomy 3.24 1.01 3.07 1.00 -0.17 
Intrinsic Motivation 2.83 0.84 2.37 0.99 -0.46 
Garden Teacher 
Engagement  4.20 0.60 3.40 1.31 -0.80 

Garden Learning 3.72 1.15 3.31 1.02 -0.41 

*p≤0.05 
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Table 2.5 Means and standard deviations (SD) for achievement scores at School A. 
Scores range from a 0-4.0 scale. Differences in first and fourth quarter means were 
evaluated for significance using paired t-tests. GPA = Grade point average.  

 Quarter 1 Quarter 4 Mean 
Difference 

 Academic Measure Mean SD Mean SD 

Science GPA (N=32)      3.33 0.92 3.44 0.58 0.11 

Overall GPA (N=32)      2.72           1.01 2.98 0.76 0.27** 

**p≤0.01 
 
 

Academic engagement was shown to increase significantly (p-value ≤0.05) at 

School A, from pre-test to post-test (Table 2.4). Overall grade point averages also 

increased significantly between the first and last academic quarters (p-value ≤0.01) 

(Table 2.5). 
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Figure 2.1 School A. Correlations between predictors of engagement and achievement measures with garden 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are indicated as: *p≤0.05, **p≤0.01, 
***p≤0.001, ****p≤0.0001. 
 
N=31, Survey items  
N=28, GPAs 
N=11, OAKS 
 
 

 

Intrinsic Motivation, academic 0.60***/0.58*** 
Intrinsic Motivation, garden 0.66****/0.80**** 

Autonomy, academic 0.59***/0.38* 
Autonomy, garden 0.78****/0.74**** 

Relatedness, academic 0.64***/0.41* 
Relatedness, garden 0.62***/0.65**** 

Competence, academic 0.07/0.04 
Competence, garden 0.24/0.21 

Garden 
Engagement 

GPA, overall 0.44*/0.23 

GPA, science 0.34/0.12 

OAKS, science 0.14/0.36 

Garden learning 0.32/0.33 
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At School A, several predictors of garden and academic engagement were 

significantly correlated with garden engagement (Figure 2.1). For the pre-test 

measures, academic intrinsic motivation (r = 0.60, p-value ≤0.001), garden-based 

intrinsic motivation (r = 0.66, p-value ≤0.0001), academic autonomy (r = 0.59, p-

value ≤0.001), garden autonomy (r = 0.78, p-value ≤0.0001), relatedness in school (r 

= 0.64, p-value ≤0.001), and relatedness in the garden (r = 0.62, p-value ≤0.001) 

were significantly correlated with garden engagement. For the post-test measures, 

all of these significant relationships were maintained.  

Table 2.6 Correlations between mean garden engagement, mean academic 
engagement, and mean science engagement scores for pre-test and post-test 
measures at School A (N=31).  
 

 
Academic 

Engagement, 
Pre-test 

Science 
Engagement, 

Pre-test 

Academic 
Engagement, 

Post-test 

Science 
Engagement, 

Post-test 

 
Garden 

Engagement, 
Pre-test 

 

0.17 0.74**** --- --- 

 
Garden 

Engagement, 
Post-test 

 

--- --- 0.48** 0.50*** 

**p≤0.01 
***p≤0.001  
****p≤0.0001 

Analyses also showed a significant correlation between garden engagement and 

science engagement (r = 0.74, p-value ≤0.0001) (Table 2.6), for pre-test measures. 
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For post-test measures, the significant relationship between garden engagement 

and science engagement was maintained (r = 0.50, p-value ≤0.001), while the 

relationship between garden engagement and academic engagement also became 

significant (r = 0.48, p-value ≤0.01) (Table 2.9). In terms of academic achievement, 

garden engagement was only significantly correlated with overall grade point 

average for pre-test measures (r = 0.44, p-value ≤0.05) (Figure 2.1).  
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Figure 2.2 School A. Correlations between predictors of engagement and achievement measures with academic 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point 
average. OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are noted as: *p≤0.05, 
**p≤0.01, ***p≤0.001, ****p≤0.0001. 
 
N=31, Survey items  
N=28, GPAs 
N=11, OAKS 
 

Intrinsic Motivation, academic 0.29/0.54** 
Intrinsic Motivation, garden 0.25/0.25 

Autonomy, academic 0.44*/0.74**** 
Autonomy, garden 0.22/0.52** 

Relatedness, academic 0.32/0.37* 
Relatedness, garden 0.23/0.20 

Competence, academic 0.19/0.26 
Competence, garden 0.26/0.22 

Academic 
Engagement 

GPA, overall 0.17/0.49** 

GPA, science 0.35/0.57** 

OAKS, science 0.08/0.26 

Garden learning 0.41*/0.42* 
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With regard to correlations of the predictors of engagement with academic 

engagement (Figure 2.2), only academic autonomy was significantly correlated with 

academic engagement (r = 0.44, p-value ≤0.05) among the pre-test measures. For 

the post-test measure, more significant relationships with predictors surfaced. The 

correlation between academic intrinsic motivation (r = 0.54, p-value ≤0.01), 

academic autonomy (r = 0.74, p-value ≤0.0001), garden autonomy (r = 0.52, p-value 

≤0.01), and relatedness in school (r = 0.37, p-value ≤0.05) were all correlated 

significantly with academic engagement.  

Table 2.7 Correlations between mean academic engagement and mean science 
engagement scores for pre-test and post-test measures at School A (N=31).  
 

 
Science Engagement,  

Pre-test 
Science Engagement,  

Post-test 

Academic Engagement, 
Pre-test 

0.36 --- 

Academic Engagement, 
Post-test 

--- 0.59*** 

***p≤0.001  
 

Analyses for the post-test measures also showed a significant relationship 

between academic engagement and science engagement (r = 0.59, p-value ≤0.001) 

(Table 2.7). Regarding academic achievement, post-test measures showed 

significant relationships between academic engagement and overall grade point 

average (r = 0.49, p-value <0.01) and science grade point average (r = 0.57, p-value 

<0.01) (Figure 2.2). Garden learning was significantly correlated with academic 



  

66 

  
 

engagement for both the pre-test measures (r = 0.41, p-value <0.05) and post-test 

measures (r = 0.42, p-value <0.05) (Figure 2.2).   
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Figure 2.3 School A. Correlations between predictors of engagement and achievement measures with science 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are indicated as: *p≤0.05, **p≤0.01, 
***p≤0.001 
N=31, Survey items  
N=28, GPAs 
N=11, OAKS 
 
 

 

 

Intrinsic Motivation, academic 0.62***/0.44* 
Intrinsic Motivation, garden 0.66***/0.16 

Autonomy, academic 0.52**/0.39* 
Autonomy, garden 0.41*/0.24 

Relatedness, academic 0.56**/0.54** 
Relatedness, garden 0.53**/0.10 

Competence, academic 0.34/0.43* 
Competence, garden 0.35/0.29 

Science 
Engagement 

GPA, overall 0.34/0.18 

GPA, science 0.30/0.25 

OAKS, science 0.39/0.34 

Garden learning 0.52**/0.38* 
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With regard to the predictors of engagement and science engagement (Figure 

2.3), academic intrinsic motivation (r = 0.62, p-value ≤0.001), garden-based intrinsic 

motivation (r = 0.66, p-value ≤0.001), academic autonomy (r = 0.52, p-value ≤0.01), 

garden autonomy (r = 0.41, p-value ≤0.05), relatedness in school (r = 0.56, p-value 

≤0.01), and relatedness in the garden (r = 0.53, p-value ≤0.01) were significantly 

correlated with science engagement for pre-test measures. For the post-test 

measures, a significant relationship within every category listed became apparent. 

The correlation between academic autonomy (r = 0.39, p-value ≤0.05), academic 

competence (r = 0.43, p-value ≤0.05), academic intrinsic motivation (r = 0.44, p-

value ≤0.05), and relatedness in school (r = 0.54, p-value <0.01) were all correlated 

significantly with science engagement (Figure 2.3).  

Garden learning was significantly correlated with science engagement for both 

the pre-test measures (r = 0.52, p-value <0.01) and post-test measures (r = 0.38, p-

value <0.05) (Figure 2.3).  
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Table 2.8. Pre-test and post-test responses to the last survey item asking students 
what they like best about the garden, for School A.  

 
Pre-test 

Comment                                                                                 # Responses 

They enjoy observing plant growth.  13 

Planting/Tending to the plants.  7 

They enjoy observing insects. 5 

They enjoy eating the food.  5 

The garden is fun.  3 

They feel the garden is helping the Earth.  3 

 
Post-test 

Comment                                                                                # Responses 

They enjoy eating the food.  6 

They enjoy observing plant growth.  6 

The garden is pretty. 5 

They enjoy the garden’s peaceful environment.  5 

Planting/Tending to the plants.  3 

 

The last item of the survey asked students what they liked best about the garden. 

For the pre-test measure, 78% of survey respondents (N = 36) and 68% of survey 

respondents for the post-test measure (N = 35) wrote positive comments, including 

the top responses displayed in Table 2.8.  
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2.4.2 School B 
 
Table 2.9 Means and standard deviations (SD) for pre-test and post-test scores of 
predictors of engagement and all types of engagement at School B. Scores range 
from a 1-5 scale. Differences in pre-test and post-test means were evaluated for 
significance using paired t-tests.  

 
Pre-Test 
(N=10) 

Post-Test 
(N=10) 

Mean 
Difference 

 Survey Facet Mean SD Mean SD 

Academic Self-perceptions: 
   Engagement 3.51 0.36 3.86 0.47 0.35** 

Relatedness 3.78 0.84 4.06 0.70 0.28 
Competence 4.12 0.60 4.02 0.63 -0.10 
Autonomy 3.18 0.63 3.36 0.78 0.18 
Intrinsic Motivation 2.60 0.97 2.85 1.16 0.25 
Teacher Support 3.70 0.57 3.88 0.65 0.18 
Family Support 2.98 1.03 3.15 1.18 0.17 
Classmate Support 3.90 0.72 4.20 0.86 0.30 
Science Perceptions: 

     Science Engagement  2.88 0.81 3.00 0.81 0.12 
Science Teacher 
Engagement 3.55 1.12 3.30 1.06 -0.25 
Garden Self-perceptions: 

    Engagement 3.65 0.78 3.68 0.71 0.03 
Relatedness 3.22 0.97 3.38 0.87 0.16 
Competence  3.85 0.73 3.73 0.76 -0.13 
Autonomy 3.64 0.81 3.61 0.84 -0.03 
Intrinsic Motivation 3.63 1.05 3.40 0.91 -0.23 
Garden Teacher 
Engagement  3.57 1.07 3.63 0.95 0.07 
Garden Learning 3.68 0.78 3.48 1.14 -0.20 

**p≤0.01 
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Table 2.10 Means and standard deviations (SD) for achievement measures at School 
B. Grade point averages (GPA) range from a 0-4.0 scale. Differences in first and third 
trimester means were evaluated for significance using paired t-tests. GPA = Grade 
point average.  

 Trimester 1 Trimester 3 Mean 
Difference 

 Academic Measure Mean SD Mean SD 

Science GPA (N=2)      2.8 0.84 2.54 0.87 -0.26* 

Overall GPA (N=3)   2.54           0.85 2.75 0.82 0.20** 

*p≤0.05 
**p≤0.01 
 

Academic engagement significantly increased (p-value <0.01) at School B (Table 

2.9). Overall grade point averages and science grade point averages also 

significantly increased (Table 2.10), however, these results should be interpreted 

with caution, due to small sample sizes (N=2 and 3 for science and overall GPA, 

respectively). 
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Figure 2.4 School B. Correlations between predictors of engagement and achievement measures with garden 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. N/A = Not applicable, due to small sample size. Significant 
correlations are indicated as: *p≤0.05, **p≤0.01, ***p≤0.001.  
N=10, Survey items  
N=2, GPA, overall 
N=1, GPA, science  
N=1, OAKS 
 

Intrinsic Motivation, academic 0.49/0.26 
Intrinsic Motivation, garden 0.80**/0.25 

Autonomy, academic 0.19/0.32 
Autonomy, garden 0.89***/0.71* 

Relatedness, academic 0.33/0.60 
Relatedness, garden 0.50/0.74* 

Competence, academic 0.24/0.54 
Competence, garden 0.73*/0.87** 

Garden 
Engagement 

GPA, overall 0.50/0.03 

GPA, science 0.23/0.77 

OAKS, science N/A 

Garden learning 0.79**/0.43 



  

73 

  
 

At School B, analyses showed that several predictors of garden engagement were 

correlated significantly with garden engagement (Figure 2.4). For the pre-test 

measures, garden intrinsic motivation (r = 0.80, p-value ≤0.01), garden autonomy (r 

= 0.89, p-value ≤0.001), and garden competence (r = 0.73, p-value ≤0.05) were 

significantly correlated with garden engagement. For the post-test measures, these 

significant relationships were maintained for garden autonomy (r = 0.71, p-value 

≤0.05) and garden competence (r = 0.87, p-value ≤0.01), however, not for garden 

intrinsic motivation. Also, a significant correlation between garden engagement and 

relatedness in the garden became apparent (r = 0.74, p-value <0.05).   

Table 2.11 Correlations between mean garden engagement, mean academic 
engagement, and mean science engagement scores for pre-test and post-test 
measures at School B.  
 

 
Academic 

Engagement, 
Pre-test 

Science 
Engagement, 

Pre-test 

Academic 
Engagement, 

Post-test 

Science 
Engagement, 

Post-test 

 
Garden 

Engagement, 
Pre-test 

 

0.62 0.03 --- --- 

 
Garden 

Engagement, 
Post-test 

 

--- --- 0.85*** 0.31 

***p≤0.001  
 

Garden engagement and academic engagement were significantly correlated (r = 

0.85, p-value ≤0.001) for post-test measures (Table 2.11). For pre-test measures 
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garden engagement was significantly related to garden learning (r = 0.79, p-value 

≤0.01) (Figure2.4).  
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Figure 2.5 School B. Correlations between predictors of engagement and achievement measures with academic 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. N/A = Not applicable, due to small sample size. Significant 
correlations are indicated as: *p≤0.05, **p≤0.01.  
N=10, Survey items  
N=2, GPA, overall 
N=1, GPA, science  
N=1, OAKS 
 

Intrinsic Motivation, academic 0.63*/0.50 
Intrinsic Motivation, garden 0.73*/0.54 

Autonomy, academic 0.57/0.38 
Autonomy, garden 0.79**/0.44 

Relatedness, academic 0.69*/0.74 
Relatedness, garden 0.40*/0.64* 

Competence, academic -0.27/0.61 
Competence, garden 0.50/0.56 

Academic 
Engagement 

GPA, overall -0.18/0.08 

GPA, science N/A/0.77 

OAKS, science N/A 

Garden learning 0.51/0.27 
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Table 2.12 Correlations, neither of which were significant, between mean academic 
engagement and mean science engagement scores for pre-test and post-test 
measures at School B (N=10).  
 

 
Science 
Engagement,  
Pre-test 

Science 
Engagement,  
Post-test 

Academic Engagement, 
Pre-test 

0.48 --- 

Academic Engagement, 
Post-test 

--- 0.45 

 
Academic engagement (Figure 2.5) was significantly related to academic 

intrinsic motivation (r = 0.63, p-value ≤0.05), garden intrinsic motivation (r = 0.73, 

p-value ≤0.05), garden autonomy (r = 0.79, p-value ≤0.01), relatedness in school (r = 

0.69, p-value ≤0.05), and relatedness in the garden (r = 0.40, p-value ≤0.05), for pre-

test measures. For post-test measures, academic engagement was correlated 

significantly only with relatedness in the garden (r = 0.64, p-value ≤0.05).   
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Figure 2.6 School B. Correlations between predictors of engagement and achievement measures with science 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. N/A = Not applicable, due to small sample size. Significant 
correlations are indicated as: *p≤0.05.  
N=10, Survey items  
N=2, GPA, overall 
N=1, GPA, science  
N=1, OAKS 

Intrinsic Motivation, academic 0.45/0.33 
Intrinsic Motivation, garden -0.03/0.14 

Autonomy, academic 0.71*/-0.32 
Autonomy, garden 0.12/0.20 

Relatedness, academic 0.40/0.66* 
Relatedness, garden 0.21/0.41 

Competence, academic -0.45/0.39 
Competence, garden -0.03/0.24 

Science 
Engagement 

GPA, overall -0.59/-0.13 

GPA, science -0.44/0.26 

OAKS, science N/A 

Garden learning -0.12/0.05 
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Regarding science engagement, there were few significant relationships. For the 

pre-test, academic autonomy (r = 0.71, p-value ≤0.05) was significantly correlated 

with science engagement. For the post-test, academic relatedness (r = 0.66, p-value 

≤0.05) was significantly correlated with science engagement (Figure 2.6).  

 
Table 2.13. Pre-test and post-test responses to the last survey item asking students 
what they like best about the garden, for School B.  

 
Pre-test 

Comment                                                                                 # Responses 

They enjoy eating the food.  7 

They enjoy being outside/getting out of the 
classroom.  

7  

They enjoy the garden’s peaceful environment. 4 

The garden is fun.  4 

Gardening feels good.  3 

Gardening builds community.   3 

 
Post-test 

Comment                                                                                # Responses 

They enjoy observing plant growth.  5 

They enjoy eating the food.  4 

Gardening feels good.  3 

They feel the garden is helping the Earth. 2 

 

The last item of the survey asked students what they liked best about the garden. 

For the pre-test measure, 83% of survey respondents (N = 24) and 79% of survey 

respondents for the post-test measure (N = 14) wrote positive comments, including 

the top responses as displayed in Table 2.13.  
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2.4.3 School C 
 
Table 2.14 Means and standard deviations (SD) for pre-test and post-test scores of 
predictors of engagement and all types of engagement at School C. Scores range 
from a 1-5 scale. Differences in pre-test and post-test means were evaluated for 
significance using paired t-tests. 

 
Pre-Test 
(N=16) 

Post-Test 
(N=16) 

Mean 
Difference 

 Survey Facet Mean SD Mean SD 

Academic Self-perceptions: 
   Engagement 3.32 0.37 3.35 1.03 0.03 

Relatedness 3.59 0.99 3.41 0.71 -0.17 
Competence 4.06 0.76 3.66 0.99 -0.41 
Autonomy 2.83 0.75 2.85 0.85 0.02 
Intrinsic Motivation 2.03 1.25 2.23 1.21 0.20 
Teacher Support 3.22 0.79 3.13 0.85 -0.09 
Family Support 3.49 1.12 3.30 1.25 -0.19 
Classmate Support 3.91 1.09 3.80 0.84 -0.11 
Science Perceptions: 

     Science Engagement  3.48 0.97 3.63 0.86 0.16 
Science Teacher 
Engagement 4.18 0.82 4.14 0.82 -0.04 
Garden Self-perceptions: 

    Engagement 3.80 0.79 4.18 0.70 0.38* 
Relatedness 2.75 0.96 3.29 1.11 0.54* 
Competence  3.52 0.84 3.79 0.87 0.27 
Autonomy 3.20 0.91 3.51 1.03 0.31* 
Intrinsic Motivation 2.97 1.04 3.58 1.12 0.61* 
Garden Teacher 
Engagement  3.79 0.87 4.09 0.83 0.30 
Garden Learning 3.83 0.55 3.71 0.81 -0.12 

*p≤0.05 
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Table 2.15 Means and standard deviations (SD) for achievement scores at School C. 
Scores range from a 0-4.0 scale. Differences in first and second semester means 
were evaluated for significance using paired t-tests, but no significant differences 
were found. GPA = Grade point average.  

 Semester 1 Semester 2 Mean 
Difference 

 Academic Measure Mean SD Mean SD 

Science GPA (N=14)    2.00 1.15 2.60 1.07 0.60 

Overall GPA (N=18) 1.85           1.06 1.75 1.11 -0.10 

 
 

At School C, garden engagement significantly increased (p-value ≤0.05) (Table 

2.14). Garden relatedness, garden autonomy, garden intrinsic motivation, and 

persistence in the garden were also shown to significantly increase (p-value ≤0.05 

for all measures) (Table 2.15).
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Figure 2.7 School C. Correlations between predictors of engagement and achievement measures with garden 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are indicated as: *p≤0.05, **p≤0.01. 
N=16, Survey items  
N=12, GPA, overall 
N=9, GPA, science  
N=3, OAKS 
 

Intrinsic Motivation, academic 0.37/-0.28 
Intrinsic Motivation, garden 0.48/0.81** 

Autonomy, academic 0.41/0.79** 
Autonomy, garden 0.60/0.78** 

Relatedness, academic 0.28/0.30 
Relatedness, garden 0.41/0.70* 

Competence, academic 0.71*/0.71* 
Competence, garden 0.37/0.52 

Garden 
Engagement 

GPA, overall 0.14/-0.13 

GPA, science 0.26/0.74 

OAKS, science -0.50/-0.59 

Garden learning 0.55/0.83** 
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We found that several predictors of engagement were significantly correlated 

with garden engagement, at School C (Figure 2.7). For the pre-test measures, 

academic competence and garden engagement were significantly correlated (r = 

0.71, p-value ≤0.05). For the post-test measures, garden intrinsic motivation (r = 

0.81, p-value ≤0.01), academic autonomy (r = 0.79, p-value ≤0.01), garden autonomy 

(r = 0.78, p-value ≤0.01), relatedness in the garden (r = 0.70, p-value ≤0.05), and 

academic competence (r = 0.71, p-value ≤0.05), were all significantly correlated with 

garden engagement.  

Table 2.16 Correlations between mean garden engagement, mean academic 
engagement, and mean science engagement scores for pre-test and post-test 
measures at School C.  

 
Academic 

Engagement, 
Pre-test 

Science 
Engagement, 

Pre-test 

Academic 
Engagement, 

Post-test 

Science 
Engagement, 

Post-test 

 
Garden 

Engagement, 
Pre-test 

 

0.24 0.48 --- --- 

 
Garden 

Engagement, 
Post-test 

 

--- --- 0.61 0.77** 

**p≤0.01 
 

We also found a significant correlation between garden engagement and science 

engagement (r = 0.77, p-value ≤0.01), for post-test measures (Table 2.16). Also, for 
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the post-test, there was also a significant relationship between garden engagement 

and garden learning (r = 0.83, p-value ≤0.01) (Figure 2.7).   
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Figure 2.8 School C. Correlations between predictors of engagement and achievement measures with academic 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are indicated as: *p≤0.05, **p≤0.01, 
***p≤0.001, ****p≤0.0001.  
N=16, Survey items 
N=12, GPA, overall 
N=9, GPA, science  
N=3, OAKS

Intrinsic Motivation, academic 0.35/0.52* 
Intrinsic Motivation, garden 0.12/0.70* 

Autonomy, academic 0.51*/0.82*** 
Autonomy, garden 0.45/0.88*** 

Relatedness, academic 0.52*/0.46 
Relatedness, garden -0.21/0.49 

Competence, academic 0.08/0.85**** 
Competence, garden -0.28/0.64* 

Academic 
Engagement 

GPA, overall -0.15/0.47 

GPA, science -0.15/0.83** 

OAKS, science 0.42/-0.99*** 

Garden learning -0.07/0.53 
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Table 2.17 Correlations between mean academic engagement and mean science 
engagement scores for pre-test and post-test measures at School C (N=16).  

 
Science Engagement,  

Pre-test 
Science Engagement,  

Post-test 

Academic Engagement, 
Pre-test 

0.30 --- 

Academic Engagement, 
Post-test 

--- 0.80*** 

***p≤0.001  
 

Looking at academic engagement for School C, pre-test measures showed 

academic engagement significantly correlated to academic autonomy (r = 0.51, p-

value ≤0.05) and relatedness in school (r = 0.52, p-value ≤0.05) (Figure 2.8). For 

post-measures, academic engagement was significantly correlated with intrinsic 

motivation in school (r = 0.52, p-value ≤0.05), intrinsic motivation in the garden (r = 

0.70, p-value ≤0.05), academic autonomy (r = 0.82, p-value ≤0.001), garden 

autonomy (r = 0.88, p-value ≤0.001), academic competence (r = 0.85, p-value 

≤0.0001), and garden competence (r = 0.64, p-value ≤0.05) (Figure 2.8).  

Regarding other realms of engagement, academic engagement was significantly 

correlated with science engagement (r = 0.80, p-value ≤0.001), for post-test 

measures (Table 2.17). Post-test measures also showed academic engagement 

significantly correlated with science grade point average (r = 0.83, p-value ≤0.01) 

(Figure 2.8). There was also a significant relationship with the OAKS science test, 

however, due to small sample size that result is negligible (Figure 2.8).  
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Figure 2.9 School C. Correlations between predictors of engagement and achievement measures with science 
engagement. Values represent correlation coefficients for pre-test / post-test measures. GPA = grade point average. 
OAKS = Oregon Assessment of Knowledge and Skills. Significant correlations are indicated as: *p≤0.05, **p≤0.01, 
***p≤0.001, ****p≤0.0001. 
N=16, Survey items  
N=12, GPA, overall 
N=9, GPA, science  
N=3, OAKS 

 

Intrinsic Motivation, academic 0.40/0.32 
Intrinsic Motivation, garden 0.24/0.74* 

Autonomy, academic 0.45/0.63* 
Autonomy, garden 0.62/0.93**** 

Relatedness, academic 0.05/0.22 
Relatedness, garden 0.07/0.74** 

Competence, academic 0.66**/0.89**** 
Competence, garden 0.19/0.58 

Science 
Engagement 

GPA, overall -0.10/0.01 

GPA, science 0.02/0.48 

OAKS, science -0.34/-0.70 

Garden learning 0.51/0.65* 
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For the pre-test measures, academic competence was significantly related to 

science engagement (r = 0.66, p-value ≤0.01) (Figure 2.9). For post-test measures, 

garden intrinsic motivation (r = 0.74, p-value ≤0.05), academic autonomy (r = 0.63, 

p-value ≤0.05), garden autonomy (r = 0.93, p-value ≤0.0001), relatedness in the 

garden (r = 0.74, p-value ≤0.01), and academic competence (r = 0.89, p-value 

≤0.0001) were significantly correlated with science engagement (Figure 2.9).  

 
Table 2.18. Pre-test and post-test responses to the last survey item asking students 
what they like best about the garden, for School C.  

 
Pre-test 

Comment                                                                                 # Responses 

They enjoy being outside/getting out of the 
classroom.  

5 

Observing plant growth.  3 

They feel gardening is helping the Earth. 3 

Planting/Tending the plants.  3 

They enjoy the different learning style.  2 

 
Post-test 

Comment                                                                                # Responses 

They enjoy being outside/getting out of the 
classroom.  

6 

They feel garden is helping the Earth. 3 

They enjoy the different learning style. 3 

Observing plant growth. 2 

Planting/Tending the plants. 2 

They enjoy eating the food. 2 

 
The last item of the survey asked students what they liked best about the garden. 

For the pre-test measure, 94% of survey respondents (N = 17) and 63% of survey 
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respondents for the post-test measure (N = 16) wrote positive comments, including 

the following top responses as displayed in Table 2.18.  

 
Table 2.19 Comparison of the mean difference (post-test score – pre-test score) of 
various survey facets between the gardening group (Sustainable Systems class) and 
non-gardening group (Earth Sciences class) at School C.  

 
Gardening 

(N=16) 
Non-Gardening 

(N=28) 

Facet 
Mean   
Difference          SD 

Mean 
Difference SD 

Engagement*** 0.03 0.96 1.23 0.80 

Relatedness*** -0.17 0.72 0.89 0.95 

Competence**** -0.41 0.71 1.46 0.90 

Autonomy 0.02 0.61 -0.65 0.90 

Intrinsic Motivation 0.20 0.94 -0.05 0.64 

Teacher Support*** -0.09 0.54 0.76 0.84 

Family Support -0.19 0.63 0.06 0.73 

Classmate Support*** -0.11 0.59 0.88 0.89 

Science Engagement*** 0.16 0.50 0.66 0.95 
Science Teacher 
Engagement -0.04 0.80 0.04 0.58 

***p≤0.001  
****p≤0.0001 
 

 We found a significant difference in changes in academic engagement (p-value 

≤0.001) and science engagement (p-value ≤0.001) between the gardening and non-

gardening class. The non-gardening group improved substantially while the 

gardening group either maintained or marginally improved its level of engagement 

(Table 2.19). There was a significant difference also for the academic domains of 

relatedness (p-value ≤0.001) and competence (p-value ≤0.0001), where the non-

gardening group experienced positive gains while the gardening group experienced 
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declines. Regarding personal relations, the gardening group declined in its outlook 

of teacher and classmate support, while the non-gardening group improved (p-value 

≤0.001 for both relations). There were no differences in gain scores for overall 

grades, science grades, or OAKS scores (data not shown). 
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Table 2.20 Pre-test and post-test means and standard deviations (SD) for survey facets for the gardening group 
(Sustainable Systems class, N=16) and non-gardening group (Earth Sciences class, N=28) at School C.  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

*p≤0.05, **p≤0.01, ***p≤0.001 , ****p≤0.0001

 
 

Pre-Test Post Test 

 
Non-

Gardening 
Group 

Gardening 
Group 

 
 

Non-
Gardening 

Group 
Gardening 

Group 
 

Survey Facet 
 

Mean 

 
 

SD 

 
 

Mean 

 
 

SD 
Mean 

Difference 
 

Mean 

 
 

SD 
 

Mean 

 
 

SD 

 
Mean 

Difference 

Academic Self-perceptions:    
 

    

Engagement 2.52 0.22 3.32 0.37 -0.80**** 3.75 0.81 3.35 1.03 0.40 

Relatedness 2.75 0.53 3.59 0.99 -0.84** 3.64 1.12 3.41 0.71 0.23 

Competence 2.77 0.37 4.06 0.76 -1.29**** 4.23 0.88 3.66 0.99 0.57 

Autonomy 3.71 0.66 2.83 0.75 0.88** 3.07 0.74 2.85 0.85 0.22 

Intrinsic Motivation 1.91 0.74 2.03 1.25 -0.12 1.86 1.06 2.23 1.21 -0.37 

Teacher Support 2.75 0.41 3.22 0.79 -0.47 3.51 0.90 3.13 0.85 0.38 

Family Support 4.23 1.09 3.49 1.12 0.74 4.29 1.16 3.30 1.25 0.99 

Classmate Support 2.83 0.65 3.91 1.09 -1.08*** 3.71 1.00 3.80 0.84 -0.09 

Science Engagement 2.68 0.30 3.48 0.97 -0.80*** 3.35 0.89 3.63 0.86 -0.28 
Science Teacher 
Engagement 

4.73 0.64 4.18 0.82 0.55 4.77 0.61 4.14 0.82 0.63 
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The non-gardening group had significantly lower pre-test scores, compared to 

the gardening group, in several measures. Specifically, pre-test scores were lower 

for academic engagement, relatedness, competence, autonomy in academics, science 

engagement and classmate support (Table 2.20). For post-test scores, there were no 

significant differences between the non-gardening and gardening group’s scores.  

 
2.5 Discussion  
 

While it is important to recognize that causality cannot be concluded from 

observational studies, such as ours, we found that students in garden education 

programs at Schools A, B, and C experienced an increase in levels of academic 

(Tables 2.4 and 2.9) or garden engagement (Table 2.14) over the course of our 

study. In addition, garden engagement was shown to be positively and significantly 

related to academic and/or science engagement across all the schools, in our post-

test measures (Tables 2.6, 2.11, and 2.16). Together, these results suggest that 

garden programs have the potential to be a contributing factor to engagement, 

which is connected to multiple academic domains. In this respect, it is possible for 

garden programs to have an associated impact on academic outlook, and vice-versa. 

These findings echo Skinner and Chi’s (2012) results evincing a correlation between 

garden engagement and academic engagement. The responses to the open feedback 

question also showed that students had positive feelings towards the garden. In 
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particular, the students independently and repeatedly reported that they enjoyed 

observing plant growth, eating the food, tending the plants, and the garden’s 

peaceful environment (Tables 2.8, 2.13, and 2.18).  

Our study generally did not show a significant link between garden-, academic-, 

and science-based engagement and academic achievement. This was somewhat 

surprising, since there is a large body of literature that supports the link between 

engagement and achievement (Fredricks et al., 2004; Furlong and Christenson, 

2008; Jimerson et al., 2003). In addition, other studies have shown that garden 

programs improved academic achievement (Dirks and Orvis, 2005; Klemmer et al., 

2005; Smith and Motsenbocker, 2005). However, in these cases, researchers 

implemented the gardening intervention and made specific testing measures for the 

garden program, which may explain the discrepancy between their results and ours. 

Skinner and Chi (2012) also found that gardening had positive impacts on 

academic achievement. Prior to their study, Skinner and Chi gained thorough 

knowledge of the garden program at their study site via informal observations of 

garden lessons and interviews with students and teachers, taken over 3-4 months.  

Thus, they were able to adapt previous student- and teacher- reports of classroom 

engagement and create the garden learning measure in the survey specific to the 

components of the garden program at hand.  

In our study, we used GPA and standardized test scores as our measures of 

academic achievement. Thus, although we did not find strong evidence that 
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gardening was positively impacting academic outcomes, it is possible that gardening 

promoted academic improvement at our study sites, but that GPA and standardized 

test scores were too coarse of measures to capture any improvement that might 

have occurred. In addition, our study only spanned 3-4 months, which is a relatively 

short time for documenting change. It is possible that it takes a longer period of time 

for garden engagement to translate into academic achievement. 

For all schools the number of significant correlations between predictors of 

engagement and engagement generally either stayed the same or increased for post-

measures. It is possible that the relationships between predictors of engagement 

and actual engagement take time to develop each year. This represents a relatively 

novel result in the field of motivational engagement. Previous studies did not 

include pre-test and post-test measures in general, let alone for correlations; they 

also only looked at one or two predictors of engagement (Furrer and Skinner, 2003; 

Goodenow, 1993; Jang, 2010; Murray and Greenberg, 2000; Skinner and Connell, 

1993; Wentzel, 1998). One study that did include pre-test and post-test measures 

did not perform correlations (Martin, 2008).  

In addition to our general finding that these students increased in their levels of 

academic (Tables 2.4 and 2.9) or garden engagement (Table 2.14) over a relatively 

short time period, the results at each school are discussed further, below. 
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2.5.1 School A 
 

Over the course of the study there were significant positive changes in academic 

engagement and overall GPA (Tables 2.4 and 2.15). In regards to the lack of 

correlation between engagement and achievement, our measures may not have 

been the best fit. Gardening only represented a portion of all science activities 

performed in class, thus, the broad measures of science grade point average and 

OAKS standardized test scores may not have been specific enough to measure any 

noticeable garden-inspired learning points.  

We were able to document a significant correlation between garden autonomy 

and academic engagement, for post-measures (Figure 2.2). Also, garden intrinsic 

motivation, garden autonomy, and belonging in the garden were significantly 

correlated with science engagement for pre-test measures (Figure 2.3). For both 

pre-test and post-test measures, garden learning was correlated with academic 

engagement and science engagement (Figures 2.2 and 2.3). These findings show 

connection between garden-based self-perceptions and learning with general 

academic domains.  

The level of nearly all psychological measures declined over the course of the 

school year (Table 2.4). While these declines can be seen as marginal, they may also 

represent the studied trend for adolescence to mark the beginning of the decline for 

many students, as they start to lose interest and motivation in school (Eccles et al., 

1993).   
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2.5.2 School B 
 

Academic engagement significantly increased over the course of this study at 

School B, as did students’ grade point averages overall and in science (Tables 2.9 

and 2.10).  Although these results are extremely encouraging, the grade point 

average result should be interpreted with caution, due to the low sample size (N=2 

and N=3 for overall and science grade point averages, respectively).  

For both pre-test and post-test measures, there were significant correlations 

between relatedness in the garden and academic engagement (Figure 2.5). Thus, 

feelings towards the garden are showing a relationship with the general academic 

domain.  

Overall, there were either improvements or maintenance for most of the 

predictors of engagement and measures of engagement, though only one was 

significant (Table 2.9). Still, this may be an indicator that the students are benefiting 

from this school’s alternative, hands-on approach to learning, and that the students 

are not following the trend for disaffected students to continue to lose engagement 

with school (Fredericks et al., 2004). Furthermore, an improvement in students’ 

engagement may help ensure that they graduate high school (Hardre and Reeve, 

2003).  
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2.5.3 School C  
 

Students at School C had spent the most time in the garden and highly integrated 

the garden lessons. Thus, students were allowed to develop a consistent 

relationship with the garden and correspondingly showed significant gains in their 

sense of relatedness in the garden, garden autonomy, garden intrinsic motivation, 

persistence in the garden, and garden-based engagement (Table 2.14).  

Correlations showed that for post-test measures garden intrinsic motivation, 

garden autonomy, and garden competence were significantly related to academic 

engagement (Figure 2.8). In addition, post-test measures also showed garden 

intrinsic motivation, garden autonomy, and garden relatedness significantly related 

to science engagement (Figure 2.9). Lastly, garden learning and science engagement 

were significantly correlated for post-test measures (Figure 2.9). These 

relationships suggest that students’ feelings towards the garden can correspond 

with their outlook on academics, in general.  

In comparison to the non-gardening group, the garden group marginally 

declined or stayed at roughly the same level for several predictors of academic 

engagement, academic engagement, and science engagement (Table 2.19). However, 

the comparative gain for the non-gardening group is in large part due to their 

significantly lower pre-test scores (Table 2.20).  

While the Sustainable Systems class did not show significant improvements in 

predictors of academic engagement, academic engagement, or science engagement 
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both over time and in comparison with the control group, it is noticeable how it 

improved in several garden-based measures. These results suggest that garden-

related activities may be a factor to effectively motivate this population and perhaps 

is preventing this at-risk group from further decline in general academic outlook. 

Past literature shows that school gardens have a positive affect on learning and self-

esteem for underachieving students (Sheffield, 1992).   

 
2.6 Limitations of this Study and Suggestions for Future Research  

A limitation of this study was the lack of qualitative data that could inform 

quantitative results. Observational studies of garden sessions and interviews with 

teachers and students could have painted a much clearer picture of the goals, pace, 

and integration of the gardens with academic learning points. Additional contact 

with the students would also provide more insight on their general disposition and 

the school’s atmosphere.  

A second limitation is that the survey we used could have been further refined 

for the specific garden education programs included in this study. We recommend 

that future studies add in their design a period of firsthand relationship building 

with the school, in order to craft a more unique set of achievement measures. 

Similarly, a specific garden curriculum could be implemented at each study site, by 

the researchers.  
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A Call for Action  

 Garden engagement is a valuable concept to study, considering that engagement 

is malleable and can be developed (Fredricks, 2004; Skinner, 2009), and decades of 

research have shown a relationship between engagement and achievement 

(Fredicks, 2004; Furlong and Christenson, 2008; Jimerson et al., 2003). In order to 

take full advantage of the ability of garden programs to engage students and 

transfer that energy to academic achievement, there is a need for garden programs 

and research to evolve. Research studies must be fully equipped to measure garden 

programs, as unique as they are. Thoughtful discussion, resource building, and 

networking are needed across local, state, and national scales to create garden 

curricula that are linked to statewide standards, provide testing materials that can 

capture learning outcomes, and foster funding for continued use of effective garden-

based education programs.  
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3 Summary  
 

School gardens have a long and storied history in the United States. First 

popularized during the first and second World Wars, interest in school gardens 

experienced a renaissance in the 1960’s. Today, school gardens are flourishing 

across the nation and have mass appeal because they provide a diverse array of 

benefits in current areas of need. School garden programs have been linked with 

improvements in nutritional knowledge, preferences, fruit and vegetable preference 

and intake, environmental appreciation, personal development, and academic 

achievement, most notably in the sciences.  

 To date, only a handful of published studies have examined the impact of garden 

education programs on academic achievement in the sciences. However, each of 

these 6 studies showed that gardens can foster improved academic achievement.  

The majority of these studies (5 out of 6) were conducted with elementary school 

students, who are more likely to have positive attitudes towards science compared 

to secondary school students. In middle and high school, interest in the sciences 

declines, and students are less apt to take more than the minimum number of 

science classes required to graduate. It is thus not surprising that by the twelfth 

grade, less than one quarter of students are able to demonstrate proficiency in the 

sciences. 

 The mechanism(s) fostering academic success were identified in one garden-

based education study. In this single study, the researchers demonstrated that 
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student engagement is key to a successful garden program and that it correlates 

with overall academic achievement. Engagement has repeatedly been tied to 

students’ academic achievement, across disciplines.  

 Gardening provides many opportunities for enhancing predictors of engagement 

(relatedness, competence, autonomy, intrinsic motivation) and engagement itself. In 

the garden, students have the opportunity to use their personal judgment and 

problem-solving skills, which may increase their competence.  Students must work 

together with their classmates to collectively tend garden plots, or at least to share 

resources, which may increase their sense of relatedness. Through garden-learning 

teachers may allow students greater freedom to learn via discovery, which can 

increase their autonomy. Gardening also can increase students’ level of motivation, 

since the health of the garden is largely dependent on how much effort is put forth. 

 Although school gardens are more common in elementary schools, their true 

potential to foster academic achievement may be best realized in a secondary school 

setting, when students tend to lose interest in academics. In this study, we thus 

evaluated adolescent populations at three schools (known here as School A, B, and 

C) with well-established garden education programs to see how students’ academic 

achievement was influenced by their work in the garden.  

 Specifically, we measured how predictors of students’ engagement (e.g. 

autonomy, competence, relatedness, and intrinsic motivation), engagement itself (in 

the domains of academics, science, and the garden), garden learning, and academic 
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achievement measures (as measured by overall grade point average and science 

grade point average) changed over the course of the study. We also assessed how 

the different realms of engagement correlated with predictors of engagement, with 

garden learning, and with academic achievement measures (including science 

standardized test scores, as well). In addition, we examined correlations among the 

different realms of engagement.  

 We used a pre-test, post-test approach to surveying, thus allowing us to monitor 

changes over the course of a gardening period. The pre-test surveying took place in 

February 2012 and post-test was administered in May or June 2012. The survey 

measured levels of predictors of engagement, engagement itself (in the garden, in 

school, and in science class) and garden learning. Achievement data, including 

student grade point averages (GPA) and standardized science test scores, was also 

collected from each school. At School C, a non-gardening group participated in the 

study as a control. We were thus able to compare the gain scores in predictors of 

engagement, engagement, and academic achievement between the control and 

garden group from that school.  

 At each of the schools, either academic or garden engagement significantly 

increased for the garden groups. Also, at each of the schools predictors of garden-

based engagement showed significant, positive correlations with general academic 

engagement. Garden engagement was significantly correlated with academic 

engagement, science engagement, or both at each of the three schools for post-test 
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measures. Responses to an open-ended question in the survey also repeatedly 

showed positive feelings towards the garden.  

In comparison to the non-gardening group, the garden group marginally 

declined or stayed at roughly the same level for several predictors of academic 

engagement, academic engagement, and science engagement. However, the 

comparative gain for the non-gardening group is in large part due to their 

significantly lower pre-scores.  

While the Sustainable Systems class did not show significant improvements in 

predictors of academic engagement, academic engagement, or science engagement 

both over time and in comparison with the control group, it is noticeable how it 

improved in several garden-based measures. These results suggest that garden-

related activities may be a factor to effectively motivate this population and possibly 

prevent the at-risk group from further decline in its general academic outlook.  

It is notable that across all schools, academic achievement was generally not 

shown to significantly improve over the course of the gardening program or 

correlate with engagement, while engagement did increase. It is possible that our 

measures of academic achievement (grade point average and standardized test 

scores) were too coarse to capture any academic gains that may have been fostered 

by the garden programs. Such findings suggest that the full academic benefit of 

garden education programs has yet to be realized. Thus, we recommend that 

researchers use a more refined evaluation test and survey, specific to the garden 
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program at hand. Researchers may want to consider implementing a specific garden 

program themselves, as well. We also strongly recommend that researchers include 

a qualitative measure when working with pre-existing garden programs as opposed 

to a garden program introduced by researchers. The qualitative data will help 

researchers better understand the level of garden incorporation, lesson material, 

and student population and help paint a clearer picture of their study.   

Furthermore, in order to take full advantage of the ability for garden programs 

to engage students and transfer that energy to academic achievement, dependably, 

there is a need for garden programs to evolve. Thoughtful discussion, resource 

building, and networking are needed across local, state, and national scales to create 

more garden curriculum linked to statewide standards, provide testing materials 

that are suited to such learning, and funding for continued use of alternative, 

effective education programs. The gardening movement will continue to grow, 

however, concerted effort will propel its advances and fully tap its diverse benefits.  
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Appendix 2.1 – Survey for the Experimental Group 

BECAUSE WE REALLY WANT TO KNOW WHAT YOU THINK ABOUT SCHOOL AND YOUR GARDEN 

Please let us know if you need assistance. 

  
 

A. What do I think about School?  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

A1.       I try hard to do well in school.           1           2          3        4        5 

A2.      I look forward to coming to school.           1           2          3        4        5 

A3.      Sometimes I feel like I don’t belong at this school.           1           2          3        4        5 

A4.      I can’t stand doing schoolwork.           1           2          3        4        5 

A5.      I can get good grades in school.           1           2          3        4        5 

A6.      When we work on something in class, I feel bored.           1           2          3        4        5 

A7.      In school, I don’t work very hard.           1           2          3        4        5 

A8.      I can do well in school if I want to.           1           2          3        4        5 

A9.     When a class is too much work, I just don’t do it.           1           2          3        4        5 
      

B. How do I feel about School? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

B1.       If I decide to learn something hard, I can.           1           2          3        4        5 

B2.      I can't stop myself from doing poorly in school.           1           2          3        4        5 

B3.      I feel like a real part of this school.           1           2          3        4        5 
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B4.      I can't do well in school, even if I want to.           1           2          3        4        5 

B5.      If a class is really hard, I’ll probably do badly in it.           1           2          3        4        5 

B6.      I don’t care about getting good grades.           1           2          3        4        5 

B7.      I want to learn a lot in school so that I can give back to my    

community. 
          1           2          3        4        5 

B8.      This school is a good place for students like me.           1           2          3        4        5 

B9.      I really don’t care about school.           1           2          3        4        5 
      

C. Why do I do my SCHOOL WORK?  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

C1.      Because it’s fun.           1           2          3        4        5 

C2.     Because it’s interesting.           1           2          3        4        5 

C3.     Because that's the rule.           1           2          3        4        5 

C4.     Because we are learning important things.           1           2          3        4        5 

C5.     Because the teacher says we have to.           1           2          3        4        5 

C6.     Because doing well in school is important to me.           1           2          3        4        5 
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D. I feel that: 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

D1.     I enjoy learning new things in school.           1           2          3        4        5 

D2.     I feel like an outsider at this school.           1           2          3        4        5 

D3.     If I do badly on my homework, I work harder next time.           1           2          3        4        5 

D4.     If something bad happens in school, I don’t let it get me 

down. 
          1           2          3        4        5 

D5.     If I have trouble with a class, I usually do well in the end.           1           2          3        4        5 

D6.     I can’t get good grades, no matter what I do.            1           2          3        4        5 

D7.     When I get behind in my homework, I just give up.           1           2          3        4        5 

D8.     I feel safe at this school.           1           2          3        4        5 
      

E. What do I think about the PEOPLE in School? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

E1.     My teachers really care about me.           1           2          3        4        5 

E2.     People here know I can do good work.           1           2          3        4        5 

E3.     My teachers just don’t understand me.           1           2          3        4        5 

E4.     My teachers explain why the things I learn in school are 

important. 
          1           2          3        4        5 

E5.     I can’t really count on my teachers.           1           2          3        4        5 
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E6.     The rules at this school are so unfair.           1           2          3        4        5 

E7.     My teachers are good at explaining things so I can 

understand them. 
          1           2          3        4        5 

E8.     People here are always telling me what to do.           1           2          3        4        5 

 

F. Tell us about YOURSELF: 

F1.     How old are you? 

F2.     Gender (please check):                                                              1  Female           2 Male 

F3.    Did you have gardening experience before this class? If so, for how long have you gardened? (circle all that 

apply)  

1  No Experience          2   My family gardens        3   Less than 2 years        4  2-5 years         5  More than 5 

years  

F4.      What grade are you in?                    1  7
th         2   8

th         3   9
th         4  10

th        5  11
th        6  12

th 

F5.     What is your race or ethnicity? (mark all that apply) 

     White      African American       Hispanic/Latino 

     Asian 
     Native 

Hawaii/Pacific Islander 

     Other  

Describe:____________ 
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H. About my classmates:  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

H1.     I fit in with the kids at school.           1           2          3        4        5 

H2.     The kids at school don’t like me.           1           2          3        4        5 

H3.     I feel comfortable with the kids at school.           1           2          3        4        5 

 

I.  About my SCIENCE class: 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

I1.     I work as hard as I can in science.           1           2          3        4        5 

I2.     Science is interesting.           1           2          3        4        5 

I3.     I don’t try very hard in science.           1           2          3        4        5 

G. My Family:  
Not at 

all true 

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

G1.     I like hearing stories about my family’s history.           1           2          3        4        5 

G2.     I am proud of my family’s background.           1           2          3        4        5 

G3.     We have cool traditions in our family.           1           2          3        4        5 

G4.     I feel close to my family.           1           2          3        4        5 

G5.     My parents respect and appreciate me.           1           2          3        4        5 

G6.     If I have a problem, I can go to my family.           1           2          3        4        5 

G7.     I feel like an important part of my family.           1           2          3        4        5 

G8.     I do lots of things with my family.           1           2          3        4        5 

G9.     My parents really care about me.           1           2          3        4        5 
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I4.     Science is fun.           1           2          3        4        5 

I5.     When we work on science, I feel bored.           1           2          3        4        5 

I6.     I can’t stand working on science.           1           2          3        4        5 

I7.     My science teacher loves science.           1           2          3        4        5 

I8.     My science teacher enjoys teaching us about science.           1           2          3        4        5 

      

J.  About the GARDEN:  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

J1.     I know a lot about gardening.           1           2          3        4        5 

J2.     It's not that important to learn about plants.           1           2          3        4        5 

J3.     I feel like a real part of the garden.           1           2          3        4        5 

J4.     I am pretty good at gardening.           1           2          3        4        5 

J5.     The garden is a good place for students like me.           1           2          3        4        5 

J6.     I am proud to be part of the garden.           1           2          3        4        5 

J7.     I don't care if I miss gardening class.           1           2          3        4        5 

J8.     I am not very good at gardening.           1           2          3        4        5 

J9.     I am an important part of making the garden better.           1           2          3        4        5 

J10.    I try hard to do well in the garden.           1           2          3        4        5 
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J11.    I don't have the brains to garden.           1           2          3        4        5 

J12.    The garden makes our school special.           1           2          3        4        5 

J13.    Gardening is interesting.           1           2          3        4        5 

 

K. What I learned in the Garden: 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

K1.     I learned how I can treat the environment better.           1           2          3        4        5 

K2.     I learned how plants grow.           1           2          3        4        5 

K3.     Gardening is something we can do to help the planet.           1           2          3        4        5 

K4.     I learned I can make a garden grow at home.           1           2          3        4        5 

K5.     I learned about things I like to eat that I did not like 

before. 
          1           2          3        4        5 

K6.     I learned how to do science-- experimenting, measuring, 

observing, finding out new facts. 
          1           2          3        4        5 

 

L. When I’m in the garden:  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

L1.     I feel good.           1           2          3        4        5 

L2.     I'd rather be doing just about anything else but gardening.           1           2          3        4        5 

L3.     I can't wait for it to be over.           1           2          3        4        5 

L4.     My mind wanders, and I think about other things.           1           2          3        4        5 
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L5.     I feel like we are doing something good for the environment.           1           2          3        4        5 

L6.     I just act like I'm working.           1           2          3        4        5 

L7.     I listen carefully to our gardening teacher.           1           2          3        4        5 

      

M. What do I think about the garden? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

M1.     Gardening is boring.           1           2          3        4        5 

M2.     There’s no reason to garden.           1           2          3        4        5 

M3.     I feel at home in the garden.           1           2          3        4        5 

M4.     By gardening, we can make the world a better place.           1           2          3        4        5 

 

     

N. Why do I garden? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

N1.     I enjoy it.           1           2          3        4        5 

N2.     It makes me feel like I am doing something good for my 

school. 
          1           2          3        4        5 

N3.     So I can learn important things.           1           2          3        4        5 

N4.     They make us.           1           2          3        4        5 

N5.     It's fun.           1           2          3        4        5 

N6.     That's the rule.           1           2          3        4        5 
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N7.     Our teacher said we had to; otherwise I probably would not.           1           2          3        4        5 

N8.     Because I want to treat the environment better.            1           2          3        4        5 

N9.     It's cool to see things grow.           1           2          3        4        5 

 
 

O. What do I think about my teacher in the GARDEN? 
Not at all 

true 

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

O1.     My teacher works hard to teach us about gardening.           1           2          3        4        5 

O2.     My teacher likes me.           1           2          3        4        5 

O3.     My teacher is good at explaining how to garden.           1           2          3        4        5 

O4.     My teacher loves teaching us about the environment.           1           2          3        4        5 

O5.     My teacher listens to my ideas.           1           2          3        4        5 

O6.     My teacher thinks gardening is important.           1           2          3        4        5 

O7.     In the garden, my teacher makes learning fun.           1           2          3        4        5 
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P. What do you like BEST about the garden?  

 

 
 

THANK YOU!!! 
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Appendix 2.2 – Survey for the Control Group  

 
 

 

BECAUSE WE REALLY WANT TO KNOW WHAT YOU THINK ABOUT SCHOOL  

Please let us know if you need assistance. 

  
 

A. What do I think about School?  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

A1.     I try hard to do well in school.           1           2          3        4        5 

A2.     I look forward to coming to school.           1           2          3        4        5 

A3.     Sometimes I feel like I don’t belong at this school.           1           2          3        4        5 

A4.     I can’t stand doing schoolwork.           1           2          3        4        5 

A5.     I can get good grades in school.           1           2          3        4        5 

A6.     When we work on something in class, I feel bored.           1           2          3        4        5 

A7.     In school, I don’t work very hard.           1           2          3        4        5 

A8.     I can do well in school if I want to.           1           2          3        4        5 

A9.     When a class is too much work, I just don’t do it.           1           2          3        4        5 
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B. How do I feel about School? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

B1.     If I decide to learn something hard, I can.           1           2          3        4        5 

B2.     I can't stop myself from doing poorly in school.           1           2          3        4        5 

B3.     I feel like a real part of this school.           1           2          3        4        5 

B4.     I can't do well in school, even if I want to.           1           2          3        4        5 

B5.     If a class is really hard, I’ll probably do badly in it.           1           2          3        4        5 

B6.     I don’t care about getting good grades.           1           2          3        4        5 

B7.     I want to learn a lot in school so that I can give back to my 

community. 
          1           2          3        4        5 

B8.     This school is a good place for students like me.           1           2          3        4        5 

B9.     I really don’t care about school.           1           2          3        4        5 
      

C. Why do I do my SCHOOL WORK?  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

C1.     Because it’s fun.           1           2          3        4        5 

C2.     Because it’s interesting.           1           2          3        4        5 

C3.     Because that's the rule.           1           2          3        4        5 

C4.     Because we are learning important things.           1           2          3        4        5 

C5.     Because the teacher says we have to.           1           2          3        4        5 
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C6.     Because doing well in school is important to me.           1           2          3        4        5 
 
 
 
 
 
 

D. I feel that: 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

D1.     I enjoy learning new things in school.           1           2          3        4        5 

D2.     I feel like an outsider at this school.           1           2          3        4        5 

D3.     If I do badly on my homework, I work harder next time.           1           2          3        4        5 

D4.     If something bad happens in school, I don’t let it get me 

down. 
          1           2          3        4        5 

D5.     If I have trouble with a class, I usually do well in the end.           1           2          3        4        5 

D6.     I can’t get good grades, no matter what I do.            1           2          3        4        5 

D7.     When I get behind in my homework, I just give up.           1           2          3        4        5 

D8.     I feel safe at this school.           1           2          3        4        5 
      

E. What do I think about the PEOPLE in School? 
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

E1.     My teachers really care about me.           1           2          3        4        5 

E2.     People here know I can do good work.           1           2          3        4        5 

E3.     My teachers just don’t understand me.           1           2          3        4        5 
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E4.     My teachers explain why the things I learn in school are 

important. 
          1           2          3        4        5 

E5.     I can’t really count on my teachers.           1           2          3        4        5 

E6.     The rules at this school are so unfair.           1           2          3        4        5 

E7.     My teachers are good at explaining things so I can 

understand them. 
          1           2          3        4        5 

E8.     People here are always telling me what to do.           1           2          3        4        5 

 

F. Tell us about YOURSELF: 

F1.     How old are you? 

F2.     Gender (please check):                                                                 1  Female           2 Male 

F3.    Do you have gardening experience? If so, for how long have you gardened? (mark all that apply)  

1  No Experience         2   My family gardens        3   Less than 2 years        4  2-5 years         5  More than 5 

years 

F4.    What grade are you in?                  1  7
th         2   8

th         3   9
th         4  10

th        5  11
th        6  12

th 

F5.    What is your race or ethnicity? (mark all that apply) 

     White      African American     Hispanic/Latino 

     Asian 
    Native 

Hawaii/Pacific Islander 

    Other  

Describe:____________ 

F6.    Have you taken __________ Horticulture class before?    (please circle)    

                                                                                                                                           YES 1                NO 2 
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H. About my classmates:  
Not at all 

true     

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

H1.     I fit in with the kids at school.           1           2          3        4        5 

H2.    The kids at school don’t like me.           1           2          3        4        5 

H3.     I feel comfortable with the kids at school.           1           2          3        4        5 

 

I.  About my SCIENCE class: 
Not at all 

true     

A little bit 

true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

I1.     I work as hard as I can in science.           1           2          3        4        5 

I2.     Science is interesting.           1           2          3        4        5 

G. My Family:  
Not at all 

true 

A little 

bit true 

Somewhat 

true 

Mostly 

true 

Totally 

true 

G1.     I like hearing stories about my family’s history.           1           2          3        4        5 

G2.     I am proud of my family’s background.           1           2          3        4        5 

G3.     We have cool traditions in our family.           1           2          3        4        5 

G4.     I feel close to my family.           1           2          3        4        5 

G5.     My parents respect and appreciate me.           1           2          3        4        5 

G6.     If I have a problem, I can go to my family.           1           2          3        4        5 

G7.     I feel like an important part of my family.           1           2          3        4        5 

G8.     I do lots of things with my family.           1           2          3        4        5 

G9.     My parents really care about me.           1           2          3        4        5 
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I3.     I don’t try very hard in science.           1           2          3        4        5 

I4.     Science is fun.           1           2          3        4        5 

I5.     When we work on science, I feel bored.           1           2          3        4        5 

I6.     I can’t stand working on science.           1           2          3        4        5 

I7.     My science teacher loves science.           1           2          3        4        5 

I8.     My science teacher enjoys teaching us about science.           1           2          3        4        5 

 
 
 

 
 

THANK YOU!!! 
 

 
 



 
 

  
 

 
 


