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ABSTRACT

	This paper explores whether self-determination theory is a viable foundation for studying youth motivation to engage in innovation. It describes a qualitative study in which 48 recognized youth innovators in grades 4 through 8 were interviewed to discover what motivates children to participate in invention design and creation activities and what knowledge and skills need to be mastered in order to be successful. All children interviewed had gone on from their local competitions to their state-wide invention conventions and some had been invited to national competitions. Self-determination theory is one of the most widely empirically tested theories of human motivation in the world. With its emphasis on the constructs of competence, autonomy, and relatedness as critical to explaining motivation, it held promise to be useful in exploring youth innovation. Results of the study indicated that youth’s need for competence was the strongest motivator of youth performance but that autonomy supportiveness also played a strong role in youth success; children’s perceived autonomy in terms of choice and feelings of ownership of their performance were also strong indicators of intrinsic motivation. Relatedness played a nearly equal role.  We also looked at which relationships in the innovators’ lives were most connected to feelings of autonomy supportiveness. Results of this study should help science, technology, engineering and math (STEM) teachers, librarians, and parents better support youth innovative thinking activities and help researchers identify additional research needs including the efficacy of self-determination theory for studying such needs.  
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INTRODUCTION
	The future depends on innovators coming up with new ideas and inventions to solve the grand challenges of the world as well as smaller ones that simply add value to the lives of humans. Fostering innovative thinking needs to start early in childhood and continue into adulthood. In the study described in this paper, the recognized young inventors in grades 4 through 8 who were interviewed had a range of inventions and prototypes that demonstrated their ability to think creatively “outside the box,” ranging from big ideas such as a system for converting gas emissions to energy to smaller ones that would improve health and safety, such as an electronic device to help users make better choices about food.   
[bookmark: _Hlk522884000]There are numerous studies which explore how to foster creativity (1) and that describe frameworks that may be conducive to successful makerspaces and innovation programs and activities, such as the connected learning framework (2) but there is also a need to identify the motives that drive youth innovators. For example, while one study showed that most successful young innovators have an adult mentor to support their efforts (3), few studies have involved a substantial number of one-on-one interviews with recognized young innovators to better comprehend their processes and motivations related to innovation and invention.	
	In this paper, we investigate the potential of self-determination theory (SDT) as our theoretical underpinning to help understand the drives and motives of young students (grades 4 through 8) as they engage in the process of innovation. SDT is one of the most tested theories of intrinsic motivation in the world and holds that humans have universal, basic psychological needs for competence, autonomy, and relatedness that, when satisfied, contribute to optimal well-being and intrinsically motivated behavior (4). This theoretical foundation has been used across numerous disciplines and cultures but rarely in the study of youth innovation. Yet, the conditions supporting the individual’s experience of autonomy, competence, and relatedness are thought to foster the most volitional and 

high quality forms of motivation and engagement for activities and to enhance performance, persistence, and creativity, three critical components of successful innovation (4). These three needs are also clearly reflected in the principles of Ito’s “connected learning” framework, such as interest-driven, challenging, production-centered and openly networked (2). Understanding children’s motivational needs will help educators, mentors, and others involved in both formal and informal learning experiences to better support youth innovation. To that end, the research questions for this paper center on youth needs and supports for autonomy, competence, and relatedness.

BACKGROUND / LITERATURE REVIEW 
Youth and Innovation 
	Creativity requires the use of imagination to generate new ideas which can lead to the production of an outcome or product that is new or novel (5,6). When creativity leads to or improves on a novel product or service and has utility and the potential to lead to acceptance and implementation by others, it can be considered an innovation (7). 
Innovation can be defined simply as “finding solutions to problems” (8) and has been considered as a way to solve a problem that enables achievement of a new, higher level of performance (9) and perceived as the conduit from creativity to entrepreneurship (10).
[bookmark: _Hlk523379752]	The importance of innovation in our society cannot be understated. Current and future American jobs will “…put an enormous premium on creative and innovative skills…” (11). “’Innovative’ tops the list of attitudes today’s companies say define their top performers” and the author went on to describe how companies can test job candidates for innovativeness (12) 
	While there has been a push for innovativeness on the job, the passion for creating innovation often starts much younger, sometimes as early as kindergarten. However, research has found that “inventiveness is a talent not usually identified and nourished in the traditional curriculum of schools” (3). By the age of 10 or 12, children have learned that it’s much more important to get “the right answer” than to keep asking thoughtful, divergent questions that require imaginative and inventive thinking (13). When creating an innovation, however, children discover that, although they may have many answers, none of them are “wrong,” rather, they require analytical and evaluative thinking skills to determine which answer is “best.”  When in school, children’s natural tendencies to be curious and inquisitive are often discouraged, thereby smothering their potential to develop a passion for innovative thinking and behaviors, now and through their adulthood. This quote sums this up:  “…(A)dult creativity is still powerful; there is just not enough of it; it can be said that the creative adult is the curious child who survived.” (14)	
Self-Determination Theory
	Self-Determination Theory, founded by Edward Deci and Richard Ryan at the University of Rochester, is one of most highly researched theories of intrinsic motivation and has been validated in hundreds of studies by scholars internationally across multiple domains from health to education and learning. SDT holds that optimal psychological health is based on the satisfaction of the universal and inherent human needs for competence, autonomy, and relatedness. According to the theory, individuals will pursue goals that help meet these needs and that, when met, contribute to intrinsically motivated action (4).  
On the broadest level, SDT describes three states of motivation: amotivation, intrinsic motivation, and extrinsic motivation. Amotivation is the complete absence of motivation where an individual lacks any intention to act. Extrinsic motivation is motivation that is stimulated by an external force, such as rewards or punishments, rather than the task or activity itself, while intrinsic motivation is motivation that comes directly from within the individual; it is motivation that occurs simply because the task or activity is inherently satisfying and engaged in for its own sake (15). This interaction between extrinsic forces and intrinsic motives and needs inherent in human nature is the focus of Self-Determination Theory (16).
Although intrinsic motivation is typically the preferred goal for individuals, there are circumstances in which at least initial extrinsic motivation may be required, such as when a task or activity is repetitive or boring or is not intrinsically pleasurable or challenging.  While educators and employers may strive to provide environments in which their students or workers are intrinsically motivated, they typically discover that while some may be personally interested in (and, therefore, intrinsically motivated by) an activity, others are not. Deci & Ryan provide a helpful framework for studying human motivation, using a metatheory that specifies three essential needs: autonomy support, perceived competence and relatedness (17). Conditions that support these three needs are thought to promote “the most volitional and high quality forms of motivation and engagement for activities, including enhanced performance, persistence, and creativity” (18).  
Children’s needs of autonomy, competence, and relatedness are considered both 
the goals of children’s self-motivation and the pedagogical sources of motivation. Autonomy-supportive learning environments are described as those that provide students with choices and opportunities for self-direction that include positive informational feedback and a context in which the opinions of students are considered (17). These environments may include both acceptance of external support and guided coaching, when needed. 
The need for competence as has been described as the inclination to pursue challenges that are just beyond one’s current level of functioning, with resulting developmental gains, as well as feelings of confidence and self-esteem.  Interest (and even a personal passion) and effort contribute to feelings of competence (18). Confidence in one’s ability to succeed and validation of that competence may also be important contributors to achieving competence satisfaction. 
The need for relatedness is described as the need to feel connected to others and to feel capable and worthy of love and respect from others (18). Feelings of belonging to a group or team and opportunities to work or collaborate with or help others may contribute to satisfying the need for relatedness.
[bookmark: _Hlk522884804][bookmark: _Hlk522884824]There is considerable research on SDT and innovation in work environments. This ranges from broader perspectives that freedom in decision-making, a sense of control over one’s work and how to do it, and being free from constraints enhance an individual’s capacity for innovative behavior in the workplace (6) to more specific applications of SDT in the workplace. For example, in their investigation, researchers found a significant relationship between self-determination (especially autonomy) and employee innovative behavior (i.e., idea generation and development) in the telecommunications industry of Nigeria) (19).  
SDT, Youth and Education
There have been numerous studies of the application of SDT in a wide range of education contexts, particularly in higher education (20). There are fewer such studies in the K-12 context, especially below high school level, and many of those focus on teacher, rather than student, motivation (e.g., 21, 22). 
Several studies investigated the application of SDT to learning in the area of physical education. One such study found that student perceptions of teacher autonomy support in physical education (PE0 leads to enhanced levels of motivation for participation in PE activities while non-autonomy support may lead to a gradual decline in participation (23).  
A longitudinal study of Canadian children ages 7-10 was conducted to investigate the relationship of intrinsic motivation and achievement in elementary school mathematics (24). Rather than intrinsic motivation predicting achievement in mathematics, they found a directional association from prior achievement in mathematical activities to subsequent intrinsic motivation for math in the early school years and that intrinsic motivation may better predict the quality rather than quantity of achievement. 
Research linking intrinsic motivation to learning is valuable in all learning settings.  A study exploring the impact of SDT on 950 British high school students participating in the school’s physical education program found that need satisfaction predicted intrinsic motivation (and negatively predicted amotivation) and intrinsic motivation affected learning outcomes (25). An examination of the relationships between 242 sixth graders’ self-determined motivation and learning outcomes from participation in middle school physical education found that when students lack motivation (amotivation), they are likely to gain little cognitive knowledge, but the researchers failed to find a link between intrinsic motivation and learning outcomes (26). 
SDT, Youth, Education and Innovation
[bookmark: _Hlk522884934]To date, there has been little research on SDT in the context of youth, education and innovation, particularly activities that span both in-school and out-of-school learning. One of the few studies in this context at the K-12 level was conducted by Small (3) using SDT as the theoretical foundation to investigate how and why young innovators (grades 4-8) became involved in creating inventions and competing in invention competitions, how and by whom they were supported and encouraged, what information needs they had and how they addressed those needs. Data were collected through surveys and interviews, including Deci & Ryan’s Intrinsic Motivation Inventory (IMI) (27), an instrument that has subscales that assess interest/enjoyment, perceived competence, effort, value/usefulness, pressure/tension, perceived choice and relatedness. Of these, the interest/enjoyment subscale has the most items and is described as the self-report measure of intrinsic motivation. This study found that, 1) regardless of extrinsic rewards offered during competitions, these young innovators remained highly intrinsically motivated to participate in a variety of innovation activities; 2) all 84 participants reported having an adult mentor (typically a parent or teacher) to guide and support them from throughout their innovation experience; and 3) they typically found the answers to their questions on the Web, even though they often lacked the skills necessary to determine the quality of the information and information sources they were using. This study provided the basis for the current study, reported in this article, with a focus on the relative importance of each of the three SDT needs and related concepts.
[bookmark: _Hlk523304525]Connected Learning, Youth Innovation and Self-Determination Theory
	A number of studies that relate to youth innovation have investigated programs and makerspaces that employ connected learning as a framework. Mimi Ito and colleagues describe  connected learning as “learning that is socially embedded, interest-driven, and oriented toward educational, economic, or political opportunity” (2). It is an approach to education that recognizes the potential of digital media to reach young people in ways that speak to their passions and interests, and supports youth who may not have the same opportunities as others. It places an emphasis on equity to meet the needs of all youth. Recently, more work with connected learning has focused on school and public libraries, as they are places where informal learning can take place, are hubs for learning and knowledge creation, and where many innovation spaces (also referred to as “makerspaces”) find their homes (28). The critical elements of connected learning include learning that is: interest-powered, production-centered, peer-supported, includes a shared purpose (e.g., cross-generational, cross-cultural), academically oriented, and openly networked (e.g., beyond the library, digital network and tools) (29). Its focus on production-centered experiences for youth make it an ideal learning environment for youth innovators through the support of experimentation and development of novel ideas (30).
	Connected learning is of interest to this paper as many of its design principles support the human psychological needs that Deci and his colleagues’ study. For example, one such principle relates to the nurturing of interest in that cultivating interests creates challenge and a need to know or, in SDT terms, the need to be competent (31) Another reason is connected learning’s emphasis on social supports, which is reflected in both the autonomy and the relatedness constructs of SDT. that 

METHODOLOGY
Research Questions 
	The overarching goal was to determine whether self-determination theory would be a useful theoretical foundation for the exploration of youth motives in participating in innovation activities and in explaining successful innovation, and, if so, to provide recommendations to librarians and other educators for ways in which to best support student needs for competence, autonomy, and relatedness. We were also interested in which of these universal human needs plays the greatest role in motivating youth innovation. Our research questions were:
· Which of the psychological human needs put forth in self-determination theory, if any, helps explain the strongest motivator for youth innovation? 
· What factors contribute most to youth innovators feelings of perceived competence and confidence?
· What factors contribute most to youth innovators feelings of perceived autonomy and autonomy support?
· What factors contribute to feelings of relatedness during the innovation process?
· Which relationships are the most important for achieving success as a youth innovator?
Participants
	Forty-eight young innovators in grades four through eight (ages 9-13) volunteered to participate in the study (fictitious names have been assigned to all minor participants to protect their privacy).  Half of the participants were female (n = 24) and half were male (n = 24). In the quest to determine what factors contributed to achieving success as young innovators, purposive sampling was used to recruit participants that met certain criteria of interest for the study, namely being successful by being a recognized innovator either locally, regionally, or nationally. Most participants were recognized inventors on their state level and several were recognized nationally, as well. Two organizations (one national, one statewide) involved in supporting youth innovation assisted in the recruitment effort. Once Institutional Review Board (IRB) approval was gained, parents were sent information about the study and parental consent letters were acquired.  No data were collected until consent forms were acquired. 
	Additional ethical considerations were in place because of the young age of the participants. Prior to the conduct of the actual interview with each participant, the interviewer reminded interviewees what the study was about and how their interviews would be used (details explained under administration), told them that their participation was voluntary, that they could stop the interview at any time, and asked if they had any questions about the study. If they did not, they were asked for their permission to be interviewed and recorded. After receiving verbal assent, the interview began. All 48 participants provided this verbal assent and voluntarily participated in the study.
The 48 participants ranged in age from 9-14 with 2/3 of boys either 10 or 11 years old and the majority of participating girls were between 10-12 years old (see Table 1).

Table 1: Participants by Age and Gender 
	PARTICIPANTS
	Age 9
	Age 10 
	Age 11
	Age 12
	Age 13
	Age 14
	TOTAL

	MALE
	0 
		7	 
	9 
	2
	5
	1
	24

	FEMALE
	1 
	 6
	6 
	8
	3
	1
	24

	TOTAL
	1 
	 13
	15 
	10 
	8 
	2
	48




While race or ethnic data were not collected, researchers observed that 73% of the young innovators were Caucasian, 19% were South or East Asian, 4% African-American, and 4% thought to be mixed race (see Table 2).  
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Table 2: Participants by Race/Ethnicity (as observed by researcher)
	PARTICIPANTS
	Caucasian
	South Asian (Indian)
	East Asian
	 African
American
	Mixed Race
	TOTAL

	MALE
	18
	2
	4
	1
	1
	26

	FEMALE
	17
	1
	2
	1
	1
	22

	TOTAL
	35
	3
	6
	2
	2
	48



Instrumentation
	An advisory board worked with the researchers in the development of the initial interview protocol for the study. The board consisted of senior representatives from four youth innovation organizations at the local, state and national levels. 
Interview Protocol 
	The interview began by asking the child how he or she first became interested in inventing. This question helped to break the ice and set the stage for a response which generally took several minutes to explain. The interviewer then directed the child to “Tell me the story of your invention from the time you got the idea, taking me through the process of innovation, all the way to when you shared it with the world.” This enabled the young innovator to discuss the entire innovation process including obstacles, challenges, failures, and successes. A number of other questions were then asked to dig deeper into their process and experiences that could affect their motivation to participate or to continue to participate, including such as the following:
· What is the most difficult part of the invention process?
· Have you ever failed during the inventing process? What happened and how did it make you feel?
· Who helped you most during the invention process and in what ways?
· Is there anyone who inspired you to invent?
· What surprised you about the invention process?
· What do you want to be when you grow up and how do you think inventing will help prepare you?
· What advice would you give other children who might want to invent?
· Why do you invent?
· Do you prefer inventing alone or with others?
· What was it like competing with other kids inside or outside of school?
Administration and Data Collection
	Interviews were conducted remotely using teleconference software and video recorded. For consistency, only one of the researchers conducted the interviews.  Participants were reminded that their interviews would become part of a video database to help educators and children interested in inventing. They were also told that their interviews would be edited into clips based on the questions asked in order to be searchable by topic in the database. Participants were instructed that there were no wrong or right answers and that if they were uncomfortable with any response for any reason, they could simply say they wanted to re-start their response to a particular question. Prior to beginning the interview, the researcher acquired verbal assent from the participant. While all participants were enthusiastic about being interviewed for the project, this knowledge eased anxiety for any participants who may have been worried they might falter at some point in the interview. 
	Data collection itself was a reflexive process. During data collection, there was an opportunity for progressive focusing by refining the interview protocol to gain insight into additional concepts that needed to be explored.  For example, after about 10 or so interviews, the researchers found that participants’ responses to the simple question “Do you prefer inventing alone or with others?” often begged additional prompting to discover their experience working in teams and their insights about innovation teams. Teamwork experiences was not originally planned as a focus of the study but learning what these young innovators thought about teamwork and their perceptions of what was required for successful teams emerged as being relevant to a better understanding of the relatedness needs of youth innovators. 
	The length of the interview varied because the participant was allowed to take as long as he or she wanted to express their responses to each question. Sometimes, additional probing by the interviewer helped the child further expand their responses. Time ranged from 30 minutes on the low end to 1:20 on the high end depending on these factors with the majority of interviews taking approximately 45 minutes. Transcribers were sent video logs with only the questions and responses recorded which did not include times when the recording was stopped because, for example, a participant requested time to think about their answer, requested to restart their response to a question, or when participants left momentarily to find artifacts related to their inventions to show the interviewer. Thus, transcribers received a total of 1,104 minutes of video for transcription purposes.
Analysis of Data: Coding Scheme
	This article focuses on the efficacy of using self-determination theory as a framework for studying the motives of recognized youth innovators. To that end, our analysis used both a deductive and inductive approach. Thus, coding the interviews involved both pre-set and open coding with our coding units consisting of short quotations (ranging from 1 – 3 sentences) that captured the essence of the coded category.
	Our interview questions for the young innovators were derived from our understanding, through previous research, of the innovation process in general with children (3) and our conceptual framework as we were interested in whether self-determination theory would be useful in studying the driving forces of youth innovators.  Our interview questions and our framework allowed us to create an initial codebook with a set of a priori codes. However, we also attempted to be open and not force data into only a priori codes. With this mindset, as we read and analyzed the interviews, other codes began to emerge and were added to the code book as emergent codes. For example, while perseverance and passion were not among our a priori codes, we saw these two themes emerging consistently from the data and added them using a hashtag (#) as opposed to assigning them to a category. Additionally, some of the pre-set codes required modification, elimination, or merging and sub-categories were added to better organize the data. As an example of an eliminated code, one of the pre-set codes under the main category of autonomy/autonomy support was trust. In reality, we discovered that trust was not mentioned in response to questions related to autonomy and autonomy support. Trust was eliminated as a sub code under that main category. While we still know that trust is important and should be explored in future research, it may not have emerged from the questions asked by the interviewer. 
	Later, we collapsed some of our sub codes and placed the emergent codes into larger schemes. The emergent codes of perseverance and passion, as mentioned earlier, were initially simply indicated with a hashtag and not placed into any categories or subcategories; eventually, we merged them with the newly formed subcategories of effort/importance and interest/enjoyment under the main category of competence/confidence as evidence from the body of SDT research supported this decision (31). This refining process was time-consuming because of the number and length of interviews. We used the qualitative analysis software package Atlas.ti to aid in the process and development of the codebook.
	Another important part of the coding process that contributed to our overall analysis was our coding diary which we built throughout the process of coding and in the actual coding of the data. We used the memo function in Atlas.ti for this and our dated reflections proved valuable in the final data analysis and interpretation phase.  
Coding Challenge
	A noteworthy coding challenge was made more obvious when we began looking at the co-occurrences of several of the quotations that were coded under two different main categories. An illustrative example is this quotation that was coded into subcategories of both competence/confidence and autonomy/autonomy support: “My teacher [name deleted] . . . helped get my confidence up the night that I had to present it [child’s invention].” The question of whether this statement (and other similar ones) should be considered confidence-building in service of competence validation or whether it was more related to autonomy support and should be coded under the subcategory of acceptance of support was thought-provoking. The decision was made to allow the co-occurrences to remain in both subcategories and not choose one or the other (there were 43 such quotations related to confidence-building). This co-occurrence may reveal that confidence-building statements from significant others such as a parent reminding her child who is struggling during the process of innovation that “You CAN do this!” serves as both competence validation and an affirmation of the child as an autonomous individual.  
Intercoder Reliability
	Because there were two researchers, inter-coder reliability was important. This process took several weeks working on the same interviews and then calculating the degree of agreement before arriving at an acceptable level of close to 90%. At that point, each researcher independently coded interviews and periodically spot-checked agreement. 
FINDINGS AND INTERPRETATION

	This section of the paper will utilize the research questions posed earlier as a framework for discussing the results and the potential usefulness of self-determination theory in exploring the motives of youth innovators.  
Research Question 1: Which of the psychological human needs put forth in self-determination theory, if any, helps explain the strongest motivator for youth innovation? 
	It was not surprising that most of the coded quotations related to some aspect of competence. In fact, more than 1,600 quotations were coded across six themes related to competence/confidence which are explored in research question 2. Perceived competence is essential to motivation and goal attainment. The pursuit of innovation is inextricably tied to goal attainment and the children interviewed were highly motivated to create inventions that would solve problems and/or enhance life’s situations. When compared to the number of quotations attributed to aspects of autonomy/autonomy support and relatedness, the dominance is clear as depicted in Figure 1.  The other major categories seemed to be equally important to participants and, while these did not represent the majority of coded segments, they were salient aspects of the innovators’ experiences, as will be evident under findings for research questions 3 and 4.

Figure 1: Dominance of Competence/Confidence Quotations in Interviews
	Research question #2 explores the contributors to perceived competence in more detail. 
Research Question 2: What factors contribute most to youth innovators’ perceived competence and feelings of confidence?
	Most children interviewed derived their ideas from their own life experiences and/or those of their families. Their desire to innovate was intensified by the proximity of the problem or issue to their own life, seemingly heightening their need to be effective, to be competent. For example, Jeannie (age 12) has an uncle who suffered from a persistent foot problem and she was motivated to invent something that would ease his pain. Mark (age 10) is a juvenile diabetic and that served as his motivation. “I’ve always had a fear of getting shots at a doctor’s office, so it is where I thought of this, a way to create a kid-friendly syringe so kids would be less scared when getting shots.” While he encountered obstacles along the way, he was confident that he had a “cool invention” and that he would be happy when he succeeded; he eventually made it work. 
	There were six prominent themes within the major category of competence/confidence.  They were:  1) interest/enjoyment, 2) effort/importance, 3) positive competition experiences, 4) new skills and knowledge, 5) competence validation and, 6) STEM transfer (see Figure 2).  

Figure 2: Prominent Themes Related to Competence/Confidence
Interest/Enjoyment	
	Enjoyment can be significantly related to psychological needs satisfaction including the need for competence (32) and this was also found in this study with 441 quotations coded into the interest/enjoyment subcategory of competence/confidence. Interest/enjoyment has been shown to be an important intrinsic outcome to competence (32). In this study, we assigned this code when the young innovator demonstrated positive feelings, such as enjoyment, fun, curiosity, creativity/imagination, interest, and/or passion, toward participation in and/or mastering innovation-related content or tasks during the innovation process or competition or in one’s earlier experiences leading up to more formal participation in innovation. We found two themes here; one related to the pure enjoyment and fun of inventing, discussed by all 48 participants and accounting for 378 of the quotations. Some simply indicated a long-time interest and enjoyment in the process of inventing: “I just really like building the invention, and getting the idea and solving a problem” Rachel (age 10). The other was enjoyment as in happiness/joy expressed as a result of accomplishment in mastering innovation-related content and demonstrating their creativity. As Alexandra (age 10) succinctly stated: “After fixing it [the problem during the process of innovation], it feels awesome because it works.” These feelings of accomplishment were related by 30 participants across 63 quotations.
  Effort/Importance
	The second most coded subcategory of competence/confidence was effort/importance with 421 quotations from 47 of the 48 participants, emphasizing some aspect of effort as it related to their personal journey to becoming a recognized inventor. Effort/Importance was defined as “Evidence that the young innovator has demonstrated persistent effort to achieve innovation goals despite difficulty, delay, failure, or opposition, and/or acknowledged the importance and/or relevance of repeated practice (e.g., learn by doing) to achieve success.” Children described the great value they placed on their own effort toward reaching success and becoming a recognized inventor. Some of them mentioned creating multiple prototypes before coming up with a solution to the problem they were trying to solve. “I had five trials and six prototypes,” stated Janet (age 12) while Jennifer (age 13) explained, “(I)t’s, it’s taken a long way and I had a lot of different prototypes and different ideas that have kind of formed together to come up with my invention.” These young innovators were not only persistent but also realistic about the potential for coming to quick solutions as Lee, a 12 year-old boy innovator who created a sports-related invention suggested: “It’s almost never going to happen that you get it on your first shot; and if you be persistent and keep going, then things can happen.” Many of the children even expressed this sentiment in the advice they would offer to other children who might like to try inventing. For example, Max (age 10) offered this advice: “If you are frustrated at your invention, think about what is wrong with your invention. Think about why it’s not working, and then think about what you can do to make it work again.  And if it doesn’t work again, just keep on doing that, and at some point, you will be right.” 
	Often, they would also mention a famous inventor or even another young innovator who just kept trying and eventually came up with a successful invention. It was encouraging to see the emphasis that these youth placed on effort, as perseverance is a hallmark of innovation success. 
Positive Competition Experiences
	The next most coded subcategory under factors leading to perceived competence and feelings of confidence were the positive experiences of these recognized inventors at the state and national conferences. Forty participants discussed these experiences in 236 coded segments. 
Even if they felt some fear or apprehension prior to the competition, those fears faded away quickly once they were actually there.  Jade, (age 13), shared her surprise about the competition by stating, “…I didn’t expect it to be as amazing as it is…”  
	One of the major benefits participants cited by participants was that they gained so many good ideas for improving their own inventions or a future invention, just from looking at other kids’ inventions. Twelve year-old Jeannie described her experience in this way: “So, competing with other kids, um, or other inventors, was, I think it was really fun ‘cause I got to see what they were thinking and what they thought were big problems. “
Competence Validation
Competence validation, identification of the young innovator’s ability to perform an innovation task competently, was an important aspect of the motives driving these innovators as the 222 coded segments indicated. There were several themes that emerged for how competence validation occurred, the most prominent of which was winning and recognition, starting with being selected on their local level to go to their state invention convention. Thirty-four participants mentioned this in many ways, accounting for 117 of the 222 coded segments. While Deci warns about the negative consequences of rewards, he also notes that the way in which rewards are given can impact motivation; that is, less controlling rewards can still have positive effects. The children interviewed were very excited about being recognized for an award and the competition yielded many positive comments which demonstrated the competition’s constructive contribution to perceived competence. This sense of accomplishment was generally blended with feelings of joy as 11 year-old Thomas’ statement indicates: “I learned that my invention was better than some of the other kid inventions which led me to feel happy about myself that I knew that my invention was a success.” Note that this quotation also was coded under Interest/Enjoyment related to feelings of accomplishment as, while knowing that his invention was better than others validated competence, the part about feeling “happy” related to the enjoyment that is associated with the accomplishment. 	
In addition to winning and recognition, motivational feedback from parents, teachers, mentors, and friends accounted for 42 quotations from 22 participants, as exemplified by this quote from Lee (12 year-old boy innovator), “I would say my family was the most, gave me the most encouragement, because at times when I was thinking of ideas and trying to make (my invention), it was, I just didn’t think it could work, I didn’t know if it would ever happen or if it would ever make it to the market, and they always said, ‘It will, it will. Keep trying. You’re doing great!’ And it was definitely a very helpful thing.”
 There were two other ways in which competence validation occurred in these children. One of them was through confidence building from external or internal sources (23 students in 42 quotations) and the other was through gaining mastery in content related to their innovation which was discussed by 14 children in 21 quotations. One example exemplifies how 12 year-old Stella’s confidence was impacted by other young innovators’ reactions to her invention during a competition, “You get to compete against others and get to go to different places and show people your invention and get people to say, ‘Oh my gosh. Wow, I--I can totally use that. I need one of those. Oh my gosh, I wish I did something like this.’ It like makes you feel like you did something, and that you wish you could do it again.”
New Knowledge/Skills
	Another code with moderately high frequency (165 quotations across 42 participants) was the new knowledge/skills that the young innovators learned during the process of developing their invention which contributed to their ability to successfully complete their invention. Many mentioned doing their initial research on the Internet to determine the originality and viability of their ideas, but most also turned to significant others as a source of knowledge and experience. The importance of research to facilitate the innovation process can be understood by this comment from Jennifer (age 13), 
“I researched a lot of statistics, um, online, um, that kind of helped me learn about, how many elderly people live alone in their homes, um, how many elderly people are there in the world, and, um, how many have staircases in their house and how dangerous can falling down the stairs be for elderly people.” 
STEM Transfer
	Finally, many students expressed confidence that the STEM content and skills they are learning as youth inventors will help them in their future careers and were able to give examples of why they felt that way, as Jeannie (age 13) demonstrates:
“I want to be a biomedical engineer with an MBA, because I…it kind of, it creates…it mashes up all of my passions kind of into one bundle. It, I wanted to be a doctor originally, and then I can’t really handle all the guts and blood and nasties of being a doctor, so then I wanted to be something where I could be someone who could create and, like, show the world who I was at the same time as being an engineer or someone who helps someone else. And being a biomedical engineer helps me do that because in the biomedical side, you’re creating things like hospital equipment, so you’re not necessarily all invested in the bloods and guts of biomedical engineering. And then, on the engineering portion, I’m actually designing things and creating, as I said. And then I want an MBA so I can be an entrepreneur and open up my own business for biomedical engineering. And when I grow up, I want to be able to create stem cells and, like, organs for other people.”
Most comments about the relationship between STEM learning and participation in innovation activities signified a bi-directional relationship; i.e., young innovators often related times when they either needed to stop what they were doing in order to gain new STEM knowledge that was critical to their invention’s success or they drew upon STEM knowledge or experiences they already had to help them with their current inventing activities. An example of the former is Glenda (age 11) who talked about the research she did that provided evidence of the need for her invention, “I did a little research, and how, um, how, like, it’s good for, like, elder people to have pets and how it helps in, like, mentally and physically ways.” Ari (age 13) provides an example of the latter, “…those learning steps that I had during science fairs like creating a design process, creating a hypothesis, creating a procedure, and, you know, conducting my trials . . . helped me a lot in inventing,”
   
Surprise NonFinding
	One of the original a priori categories under competence/confidence was task/goal clarity but it was coded infrequently relative to the other codes in this main category with only 38 quotations. Task goal clarity would seemingly be important to one’s perceived competence. While few quotations were attributed to this code, they represented 18 of the participants. To stay on task, almost all of these youth innovators mentioned using invention logs, provided by the competition organization, and implemented by teachers to document their progress throughout the process of development. While some expressed a displeasure for maintaining a log, the log seemed to provide the impetus for articulating a clear goal and identifying what was needed to be successful in achieving that goal.
Pressure/Tension
	While competitions can spawn feelings from pride to exhilaration, they can also result in what we coded as pressure/tension, another SDT construct related to intrinsic motivation and used in the SDT Intrinsic Motivation Inventory (27). There were hundreds of quotations that supported the positive effects and of engaging in competitions, of winning, and of motivational feedback, while 98 coded segments from 30 participants represented competition-related pressures or tension, most often described as anxiety or fears that their invention would not be as good as those of their peers such as recalled by Iris (age 11): “I was kind of very nervous because there was a lot of good inventions and I didn’t know if mine was going to make it; I was just hoping.” Almost all of those who discussed pressure/tension mentioned it as a transient experience followed by positive feelings related to the competition such as the thrill of seeing all the other kids’ inventions; these responses demonstrated their resilency and sense of self-efficacy. 
Competence Alone is Not Sufficient 
	According to SDT, feelings of competence are not enough for individuals to be highly motivated and to experience a sense of well-being (17).  In fact, often individuals can become effective at a skill or task but it is under situations which involve control, which do not lead to intrinsic motivation. Deci & Ryan and others confirm that for the most positive results, that is, for a true sense of well-being and the promotion of intrinsic motivation, perceived competence must be accompanied by the experience of autonomy and autonomy support (32). For children to feel intrinsically motivated to innovate, then, they must also feel autonomous in the activities they undertake. This was best represented by Ella (age 11), as she was recounting her several experiences in competitions in which she had won awards: 
“As I got older, I actually started thinking, ‘Alright, well, it’s not just the awards,’ because in third grade I actually did get two awards for my, um, (name deleted) invention that told you about your gas fireplace being on. And then I started to realize, okay, well, now I’ve got that urge to get awards just satisfied. I’d gotten recognition. So, what is there deeper?”
	The quotation above suggests that satisfying one’s need for competence alone is not enough for growth and psychological well-being. Our results show that after competence/confidence, the most coded construct was autonomy/autonomy support very closely followed by (almost equal to) relatedness needs. 
Research Question 3: What factors contribute most to youth innovators perceived autonomy and feelings of autonomy support?
	The most coded subcategories of autonomy/autonomy support were 1) Acceptance of Support, 2) Choice/Independence, 3) Guided Coaching, and 4) Own Performance (see Figure 3). 

Figure 3: Themes Related to Autonomy/Autonomy Support
Acceptance of Support
	Acceptance of support was the most prominent theme under the major category of autonomy/autonomy support and included 139 coded segments across 41 students. It was coded when internally motivated young innovators described willingly accepting innovation-related autonomy-supportive advice, input, or actions from another. The majority of children talked about their parents or other family members when asked who encouraged or supported them the most. In the case of Mark (age 10), it was his grandfather, “My grandfather because he helped me along the process and helped me really think and make sure that my, I get my invention where I want it to be. Um, and he encouraged me to, um, don’t just try once, try a bunch of times and not just give up.” 
Choice/Independence
	Choice and the ability to make independent decisions supports the development of autonomy. These youth innovators demonstrated in numerous ways the importance of choice and being able to decide on what they would create as their innovation. Sixty quotations received this code with 28 participants referencing choice in some way. Jeremy (age 11) exemplified this code when he described inventing in this way, “Well, I think it’s pretty fun because you just sort of get to try it out. Like, nobody’s telling you, ‘oh, you can’t do this because then it won’t work.’ You just have to do it and see if it works or not.” Claire described her experience as an inventor as a way to let her true self free, “And it just lets me be me, and lets other people see me as well through what I invent.” (Claire, age 12)
Guided Coaching
	Guided coaching was differentiated from acceptance of support as guided coaching included accepting support, guidance, or sometimes instruction from another with specific, relevant experience and/or expertise. Often, guided coaching would come from a teacher-mentor (78 quotations; 34 students) as in this example, “I had some presenting questions and things like that, um, about how I should project my voice, if I show business cards, if, uh, I should be louder or softer, if I hit everything in my presentation, and I came to my parents and teachers with those questions so that they could help me prepare for when I present” (Abby, age 12).
Own Performance 
This code was defined as “Demonstration that the young innovator has taken responsibility for his/her innovation-related actions and behaviors or is motivated by the opportunity to do so.” This subcategory of autonomy/autonomy support had a lower number of coded segments (66 quotations) compared to the rest, but it was mentioned by 28 of the 48 participants which indicates it is of some importance to these young innovators.  Lee’s comment exemplifies this and demonstrates how he is evolving from being an inventor to becoming an entrepreneur (9), “I’m actually working on getting a patent right now and then I really want to be able to walk into Bed Bath & Beyond or Target and be able to see (my invention) in shopping stores." 
Research Question 4: What factors contribute to feelings of relatedness during the innovation process?
	Three major themes emerged that were connected to relatedness during the innovation process and about connecting to and serving the needs of others through innovation. They were teamwork and collaboration, social good, and listening and talking.

Figure 4: Prominent Themes for Relatedness
Teamwork and Collaboration vs Working Alone
	There were 170 coded quotations that referred to positive feelings toward or experiences working with a team and/or collaboration during the innovation process, and yet there were many children who actually preferred to work alone. Sam (age 13) carefully explained this perspective: “I’m really independent and when it comes to being independent I think it’s because I get to be in charge of everything that I do and nobody can tell me ‘that’s not a good idea’ and that’s, like, or ‘that’s a good idea’ and things like that, so they can’t really get in my way.” 
While there were 31 participants who indicated a preference for working alone, many of them also said that, while they might enjoy working with a team sometimes, they had certain reservations about teamwork. For example, Jared (age 11) said, “…it depends on how big the team is. I could imagine that if you had, like, a team of, like, ten people, it’d be absolute chaos, everybody wanting to do a different thing.” Many of these young innovators had a clear understanding of what was required for a successful team, such as the ability to listen to all ideas, the willingness to compromise, and the inclination to put in their fair share of the effort.
	But those who did work in teams (or wish they had) thought positively about team innovation. For example, Carlo (age 13) was excited about his team: “During our process of us making (our team), we decided that we were going to enter (our team) in the Warren Buffet’s Grow Your Own Business Challenge. And we actually, we’re actually getting it made, and we actually collaborated with a web designer and we’re all working together to get our website made and run.”  Many young innovators thought that working in teams could result in more and better innovation ideas to consider, would bring a broader body of skills and knowledge to contribute to the process, and would be there to encourage each other, when needed. 
Social Good
	Participants often mentioned an aspect of relatedness that was bigger than their immediate social experiences with family, friends, school, or sports. Many were able to identify with larger issues, even global ones for which they felt compelled to act in socially responsible ways. Thus, another theme that emerged under the broad category of relatedness was coded as social good and defined as “the young innovator expresses altruistic feelings about innovation creation that demonstrates a selfless concern for the well-being of others.” There were 109 quotations in this subcategory across 38 young innovators expressing a genuine love for making the world a better place, for helping people in general or helping specific groups of people. One young innovator had developed a system that will help elderly people from falling down stairs. When asked why she invents, she responded: “What makes me want to invent is kind of that I could be helping other people out there who may be struggling with problems . . . and you can change people’s lives. That’s what’s really amazing to me” (Jennifer, age 13). 
	While it was striking how altruistic most young innovators interviewed were, many also were realistic about the need to be profitable to be successful but expressed that they wanted to do so in a manner that helped others as represented in this excerpt: “ I feel socially responsible and, as you need money to pretty much to live in life, so, um, balancing the amount of profits you get with whatever idea you create, whatever invention you do, and it’s best to balance that out with maintaining good social responsibility skills and giving back to society and the community that helped you a lot in generating your money in the first place.” (Ari, age 13)
Listening and Talking
	The importance of listening and talking to others, including friends, family members,  mentors, and even principals and competition judges, about their innovation was sometimes mentioned (78 quotations; 29 students) and viewed as positive sources of information to help improve or troubleshoot, such as brainstorming, sharing information and bouncing ideas off of each other, during the process of innovation. As Rachel (age 10) observed when asked what advice she would give to others who might want to try inventing, “Make sure that you share your ideas even if you, even if you think your ideas are silly, like share them and you might come up with a way to make a really cool invention.”
Research Question 5: Which relationships are the most important for achieving success as a youth innovator?
	As in the earlier study by Small (3), this study found that every successful young innovator had an adult mentor in their lives to guide and support them and their work and those adults were most often one or both of their parents. Other family members (e.g., grandparents, siblings) were also cited frequently. The largest group of non-family members who young innovators said played a significant role in their success was teachers, typically STEM teachers, as exemplified by these two boy inventors’ recognition of their teachers’ support, “(T)here was another big, big person that was there the whole ride through and her name is (name deleted)- she was my fifth grade teacher and she was, like, amazing! She helped me through everything. I couldn’t have done this without her” (Casey, age 11) and Ari (age 13) who described how his teacher gave him some specific, valuable information “…my Engineering teacher that I have in our school, he’s helped me a lot with creating an innovative solution, and he’s also taken a degree in Chemistry, so I’ve also listened to him and what he has to say about carbon pollution and how he tackles carbon” (Ari, age 13).
Strengths and Limitations
One of the strengths of the study is its use of one on one interviews with participants that facilitated the researchers’ ability to explore social processes in depth and to reveal and share participants’ perceptions through their own words and from their own perspectives (33,34). These interviews were able to give researchers an in-depth understanding of the recognized inventors’ actual experiences. By asking them to relate the entire story of their invention from the time they first got the idea, taking the interviewer through the entire innovation process including all the obstacles and challenges faced right up to the time they shared their invention with the world, the interviewees were able to add valuable context and rich accounts. While not strictly a critical incident technique, the story approach was a valuable one. Interviews have these strengths but this method also has the limitation of entering interviewer bias into the equation (35). However, conscious of this limitation, every attempt to limit leading questions or interviewer bias was made.  Another limitation may be construed as interviews not taking place in-person. In this age of technology, this seems to be less of an issue and the use of video where the interviewer and interviewee could actually see each other was more personal than the options of phone interviews or written interviews. Finally, the study would be strengthened had it included more diversity in its participants. 
IMPLICATIONS AND CONCLUSION
Implications for Education and Research	
	This paper contributes to the research on youth innovation by focusing on an aspect that is less studied than are the methods of providing innovation education to youth, namely, the underlying motives that drive youth innovation and innovation-related learning. It further provides evidence that self- determination theory can be a useful framework for studying those motives. It may also be useful in evaluating programs implementing a connected learning framework as will be discussed. Although the current study utilized a different research methodology and a broader approach to the topic of motivation and youth innovation, findings reinforced several earlier findings from Small’s study (3) (e.g. young innovators are typically highly interested in, even passionate about, innovating, a need for adult mentors, the importance of persistent effort to success).
	As with previous research on SDT in general, findings supported the important connection between perceived competence and autonomy support. For example, the accepted support, encouragement and guided coaching of parents and others, particularly during idea generation and preparation for presentation of their innovation at competitions, as well as when technical and other types of problem-solving issues that arose during the process, appear to be an important component for building and sustaining innovators’ confidence in their ability to succeed and their continued effort, leading to innovation success.  We also found strong support for the link between competence and interest/enjoyment. 
SDT and Connected Learning
Findings from the study suggest that using SDT as a foundation for exploring the motives of youth innovators would be useful in evaluating projects, makerspaces, and learning labs that employ the prescriptive connected learning framework, a framework in which the production of creative products and innovation is a focus. For example, the prominence of interest/enjoyment as a motivator for youth innovation that we found in this study affirms the convictions of the connected learning framework with its huge emphasis on providing interest-powered learning connected to learners’ passions and individual interests. 
While neither autonomy nor relatedness could compare with the dominance of competence need satisfaction in this study, we found both were important to these youth.  Results showed that relatedness was about as strong a component as autonomy; relationships are important to young innovators as can be seen in the essential role that mentors (e.g., parents, teachers) played in providing needed support, feedback and guidance throughout the innovation process, a role that is likewise essential to the connected learning framework. 
Peers were also important and we saw this mostly as the youth related their experiences about participating in the invention competitions. Connected learning emphasizes the function of peer-supported learning experiences for which the competitions offered immense opportunities for sharing and socializing with like-minded peers. The competitions also provided a shared purpose and cross-generational interactions, also espoused through connected learning. This compatibility between an empirically tested theory that helps explain human behavior and the prescriptive tenets of the connected learning framework suggest that measures of SDT could be useful in the evaluation of programs that use a connected learning framework. This could be an avenue of future research. 
Research with Different Age Groups
	This study looks at younger children than are typically studied and, while our target population was 4th-8th graders, it would be fruitful in future studies to include both older (high school) and younger children, even as young as kindergarten, in future studies. 
As in Small’s earlier study (3) this study investigated the processes, behaviors and attitudes of successful young innovators in grades 4-8. These grade levels were chosen in both studies because it was assumed that children (ranging from ages 10-13) were better able to participate more easily in in-depth interviews, answer higher level questions and probes and express their feelings likely to experience their initial involvement in invention competitions during these years, thereby allowing researchers to explore a variety of desired, relevant issues, such as feelings toward awards and recognition and how they faced failure situations. While this was largely true, we did find that some participants had been participating in innovation activities and competitions from a much earlier age, suggesting that even younger children (K-3) could and should be studied using these methods.  
Additional Areas for Future Study
While these studies have focused on recognized young innovators in order to determine what factors impact their success, issues such as why some potential young innovators drop out of or don’t even try to participate in innovation activities and the impact of a lack of required skills and knowledge, the absence of adult mentors to support and guide them, or low confidence in their own ability to be successful, also may be worthy of investigation. These are also important areas in that the connected learning model, so conducive to inspiring innovation and is an approach aspired to by schools and libraries nationwide, has equity as one of its paramount values. The opportunity to engage in innovation activities should be available to all youth.
There are several additional areas of inquiry that are recommended, based on the results of this study. For example, the data suggest further study of the differences in processes and outcomes between participation in individual vs. team innovation activities, how and why young innovators learn how to face failure and learn to turn it into success, and under what circumstances young innovators’ initial interest in innovation turns to deep-level interest and passion (36). Another major question derived from our data is the absence of participation by those representing some underserved minorities, such as Latino, and low representation of others, such as African-American. While three of the 48 young innovators (6%) voluntarily revealed (without being asked) that they had a disability (e.g., ADHD, autism), this number was far below the 13% of students with disabilities receiving special education services, 35% of which are learning disabilities (36). Future research is needed to determine if this this low representation for these underserved groups in innovation activities is the norm and not specific to this study and, if the norm, what are the causes and potential remedies.
Conclusion
[bookmark: _Hlk526579985]	While many schools traditionally tend to focus more on standardized testing and rigid curricula than on creative problem-solving and innovative thinking, some schools are beginning to recognize the importance of stimulating curiosity and inquiry, fostering creativity and inventive thinking, and teaching the skills and attitudes required to solve current and future local, national and worldwide problems through formal programs such as genius hours, robotics labs, and makerspace activities and informal learning opportunities such as innovation fairs and competitions. Research that seeks to identify ways to motivate these and other innovation experiences for youth will contribute to our understanding of how to make these experiences appealing and successful for all, with the aim of developing an ongoing motivation to create innovation into adulthood. “(I)f I can help somebody do something they couldn’t have done before without what I’ve created, then I’ve done what I’ve wanted to do” (Ella, age 11).     
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Quotation Counts for Coded 
Major Categories

Quotation Counts	Competence/Confidence	Autonomy/Autonomy Support	Relatedness	1603	343	356	

Prominent Themes Related to 
Competence/Confidence

Quotations Count	Interest/Enjoyment	Effort/Importance	Positive Competition Experiences	Competence Validation	New Skills and Knowledge	STEM Transfer	TOTAL	441	421	236	222	165	118	1603	


Prominent Themes Related to 
Autonomy/Autonomy Support
(Quotation Counts)

Quotations Count	Acceptance of Support	Choice/Independence	Guided Coaching	Own Performance	TOTAL	139	60	78	66	343	


Prominent Themes for Relatedness

Quotations Count	Teamwork and Collaboration 	Social Good	Listening and Talking	TOTAL	170	108	78	356	
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