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ABSTRACT 

 The purpose of this concurrent mixed methods study was to investigate the effects 

of middle school science students’ participation in authentic science research on their 

science-related affective characteristics.  The affective characteristics considered for this 

study were those that have been repeatedly shown to be associated with student cognitive 

growth and academic achievement.  These included science identity, science self-

efficacy, interest and enjoyment of science, perceived relevance of science, and intrinsic 

motivation for science learning. Four authentic science treatments involving eight 

different classes and 166 total participants (120 unique) were administered.  Data 

collection methods included novel Likert scales based on a novel student survey 

instrument, a naturalistic observation instrument, student interviews, and various 

formative assessments.  Data were collected before, during, and after each treatment with 

the primary purpose of supporting a before versus after comparative research design.  

Data analysis strategies included validation and reliability analysis of the student survey 

instrument and Likert scales and a triangulated complex of inferential comparative 

quantitative analysis and thematic qualitative analysis.  While effect size was small, 

student affective domain growth was determined to have taken place.  Affective 

characteristics that were shown to be strengthened in a statistically significant way 

(p<0.05) include science identity, interest and enjoyment of science, and intrinsic 

motivation for science learning.  Though it has some limitations, such as a significant 

time requirement, authentic science research in the classroom should be considered an 

effective way to promote student science-related affective growth. 
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INTRODUCTION AND BACKGROUND 

 My primary consideration in conducting this study was a recognition that I have a 

limited practical understanding of how I can improve my science students’ affective 

learning outcomes, the sentiments students develop toward the content.  The well-

established link between student content-related affective development and student 

cognitive outcomes and educational achievement (Akey, 2006; Bloom, 1976; Deci, 

Vallerand, Pelletier, & Ryan, 1991; Klopfer, 1973; Osborne, Simon, & Collins, 2003; 

Watts & Alsop, 2000) substantiates the significance of this deficit.   

 I have had positive experiences with students participating as fellow researchers 

in authentic scientific research during my previous career in the plant science field.  

Reflecting on how those students walked away with a deeper understanding of and 

greater appreciation for science as a way to learn about natural phenomena, I was 

inspired to test whether the same outcomes would occur through classroom-based 

authentic science research.  In addition to possibly supporting science-related affective 

growth, authentic science research in an educational context also provides students 

practice with important scientific habits of mind, scientific reasoning, and science process 

skills.  Participating in authentic science research likely also provides students with a 

more realistic understanding of what scientists actually do and how scientific knowledge 

is created.  Thus, I decided that authentic science research would be the approach I would 

use for my first measured attempt to deepen students’ affective values toward science. 

 Due to the expansive breadth of the affective domain, it would not be realistic to 

conduct this study without narrowing the scope.  Thus, I identified five specific science-
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related affective characteristics that are widely recognized as being important to learning: 

1) Science identity; 2) Science self-efficacy; 3) Interest and enjoyment of science; 4) 

Perceived relevance of science; and 5) Intrinsic motivation for science learning.   

 As a result of the COVID-19 pandemic, the Montana Governor declared that 

schools should be moved online beginning the third week of March, just a week before 

the spring 2020 replications of this research project were to be wrapped up.  While this 

unforeseen disruption required modifications to the planned research methodology, it also 

provided a unique opportunity to explore the feasibility of authentic science research in 

an online education setting.   

 This paper describes how I implemented authentic science research with 120 

middle school science students and how I tested the degree to which this pedagogical 

approach resulted in student science-related affective growth.  Since this study is being 

undertaken as an action research, actionable interpretations of the results are also 

provided. 

Focus Question 

 My focus question was, Is authentic science research an effective way to promote 

student science-related affective growth? 

 My sub-questions include the following: 

1. Is authentic science research in an educational context an efficient way to promote 
growth in students’ science identity, science self-efficacy, interest and enjoyment 
of science, perceived relevance of science, and intrinsic motivation for science 
learning? 
 

2. Is authentic science research feasible through an online learning environment?   
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Research Setting 

 This research was undertaken with the seventh and eighth grade students in the  

historically rural ranching community of Manhattan, Montana.  Rapid development over 

the last few decades in nearby Bozeman, Montana has spread to the community and there 

has been an influx of residents of more socioeconomically diverse backgrounds.  This has 

resulted in an increase in median household income from $38,422 in 2000 to $61,400 in 

2019, rapid population growth, and increases in median home prices in the community 

(U.S. Census, 2020).   

 Manhattan Middle School serves 225 students in grades 5-8.  Seventy-seven 

percent of students tested proficient or advanced in science, higher than the 60% state 

average.  Students are also higher than state averages in mathematics and reading 

proficiencies, though by smaller margins (Montana OPI GEMS, 2020).  Approximately 

11% of students receive special education services, slightly lower than the state average.  

Approximately 22% of the student body receives free or reduced lunches, substantially 

lower than the Montana state average of around 47% (Montana OPI GEMS, 2020).  

Historically, free and reduced lunch rates in the community have been as high as around 

70% in the 1980’s (W. Woolbaugh, personal communication, September 25, 2018).  It 

should be noted that this research included only the seventh and eight grade students at 

Manhattan Middle School.  The eight classes in which this research was conducted 

ranged in size from 17 to 27 students. 
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 Unexpectedly, just prior to the data collection phase of this research closing, 

school was moved online due to the COVID-19 pandemic.  At this time the research 

setting changed to Google Classroom-based online instruction.. 

Potential Significance to the Science Education Community 

 Authentic science research in an educational context is not a new concept.  In fact, 

this is very similar to the authentic approaches advocated by John Dewey over one-

hundred years ago (Roth, 1995; Wong & Pugh, 2001).  There is an abundance of 

literature on this subject (Chapman & Feldman, 2016; Gray, Nicosia, & Jordan, 2012; 

Schwartz, Lederman, & Crawford, 2004).  Students’ science-related affective 

characteristics have also received a great deal of attention by education researchers.  For 

example, Ormrod and Duckworth’s (1975) metanalysis of research on students’ attitudes 

toward science references over 500 studies. 

 Even though there has been an abundance of research on both the use of authentic 

science in science education and on techniques teachers can use to promote science-

related affective growth in students, existing research on this combination (using 

authentic science research to promote science-related affective growth) is scant.  Of those 

studies that do exist at this juncture, none are focused on the middle-school level.  As 

such, this study may find some niche interest in those seeking specifically to understand 

how authentic science in an educational context can affect middle school students’ 

science-related affective characteristics.  Additionally, this study may bring about an 

awareness of these two topics to colleagues who hadn’t previously considered them. 
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CONCEPTUAL FRAMEWORK 

The Affective Domain 

According to Krathwohl, Bloom, & Masia’s (1964) taxonomy of learning in the 

affective domain, there are five levels of student affective growth.  These range from 

students first recognizing that growth is possible to internalization of the growth into 

their character.  This continuum begins when: 

the individual is merely aware of a phenomenon, being able to perceive it. 
At a next level he is willing to attend to phenomena.  At a next level he 
responds to the phenomena with a positive feeling.  Eventually he may feel 
strongly enough to go out of his way to respond.  At some point in the 
process he conceptualizes his behavior and feelings and organizes these 
conceptualizations into a structure.  This structure grows in complexity as 
it becomes his life outlook. (p. 27)  

 The concept that affective growth happens slowly over multiple stages, rather 

than all at once, is also supported by Zimmerman’s (2000) four sequential levels of 

growth toward self-regulation and Erikson’s eight stages of socio-emotional growth 

(Ormrod, Anderman, & Anderman, 2016).  It seems to be the consensus that affective 

growth typically occurs slowly. 

 Krathwohl et al. (1964) go on to further describe how students’ latent internal 

realities are inherently tied to their external, observable behaviors, but not in a direct, 

predictable way.  As such, philosophies for how a teacher would ascertain where a 

student is at in their affective development (as would be needed to determine whether 

growth occurred), vary significantly.  It is tempting to call it quits when considering this 

in light of Kant’s Ding an sich (thing-in-itself) concept, which would suggest that there is 

no way to know.  Fortunately, many brave souls have waded these waters looking for 
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answers, such as Klopfer (1973).  Prior to describing a novel approach to assess student 

science-related affective status based on Krathwohl et al.’s (1964) taxonomy, Klopfer 

wrote on the importance of defining the affective phenomena of interest: 

the difficulty is the general uncertainty about the definition or specification 
of the phenomena related to science education that we expect the student to 
exhibit feelings and attitudes about. (p. 1) 

Defining the Affective Characteristics 

 Following Klopfer’s (1973) guidance, before further considering how to measure 

the five affective characteristics, each of them should be specifically defined. 

Science Identity 

  The concept of science identity is “slippery and difficult to operationalize in a 

way that provides solid methodological and analytic direction” (Carlone & Johnson, 

2007, p. 1189).  However, the importance of students being able to see themselves as 

scientists is such that numerous researchers have nonetheless decided to create an 

operational definition to aid in its study (Carlone & Johnson, 2007; Chapman & Feldman, 

2016; Ormrod & Duckworth, 1975).   

 Carlone & Johnson (2007) concluded that science identity consists of three 

interrelated dimensions: competence, performance, & recognition.  Summarizing these 

dimensions, Chapman & Feldman (2016) say “an individual’s science identity develops 

from being able to do science (performance), knowing science content and practices 

(competence), and being recognized as a scientist (recognition)” (p. 473).   
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Science Self-Efficacy 

  Science self-efficacy is typically recognized as what a student thinks they are 

capable of doing with their science skills in specific situations (Bandura, 1977; Bandura, 

2006; Maddox, 2012; Ormrod et al., 2016).  The significance of a student’s science self-

efficacy is hard to understate, as it influences how high students set their sights and their 

persistence through difficult material.  “The stronger the students’ perceived efficacy to 

manage their own learning, the higher their aspirations and accomplishments” (Bandura, 

2006, p. 11).  If a student believes they can accomplish a task, they are much more likely 

to do so.  “Believing that you can accomplish what you want to accomplish is one of the 

most important ingredients—perhaps the most important ingredient—in the recipe for 

success.  Any child who has read The Little Engine That Could knows this is so” 

(Maddux, 2012, p. 228). 

Interest and Enjoyment of Science 

   Interest and enjoyment of science is taken to mean that a student finds science 

intriguing and engaging.  Though it may be a relatively simple construct, it is nonetheless 

very important.  “Learners who are interested in a topic devote more time and attention to 

it and become more cognitively engaged.  They are also more likely to learn in 

meaningful ways” (Ormrod et al., 2016, p. 367). 

Perceived Relevance of Science 

   For this study, “relevance” is being defined as applicability or importance.  In 

other words, does the student think that science is meaningful to their life.  This should 

not be mistaken for the similarly important, but conceptually different, cultural relevance.  
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 Students who don’t understand how science benefits their lives are less likely to 

be motivated to learn more about it (Prain, Waldrip, Sbaglia, & Lovejoy, 2017).  The 

classic, unmotivated student question can attest to this  – “Why do I have to learn this?”  

If students see science as being beneficial to their lives, they are more likely to put forth 

their best efforts to understand it.   

Intrinsic Motivation for Science Learning  

 Intrinsic motivation refers to the degree to which an individual does something for 

their own satisfaction rather than for a reward or to avoid a punishment.  “Intrinsically 

motivated behaviors represent the prototype of self-determination; they emanate from the 

self and are fully endorsed” (Deci et al., 1991, p. 328).   

 Drivers of intrinsic motivation for learning in science are numerous and include 

each of the previously defined affective characteristics.  “Motivation can be seen as a 

kind of ‘second order’ variable in that it depends on things such as… attitudes, perceived 

goals, perceived need, and perceived value” (Mubeen & Reid, 2014, pp. 129-130).  

Mubeen & Reid’s (2014) description of attitudes, perceived goals, perceived need, and 

perceived value are closely aligned with the other affective characteristics of interest in 

this study.  Science identity, science self-efficacy, and interest and enjoyment of science 

would likely fall under their “attitude” component, while perceived relevance of science 

covers both their “perceived need” and “perceived value.”  The only component of 

Mubeen & Reid’s components of motivation that is not covered by the other affective 

characteristics being studied is “perceived goals.” 
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Measuring Student Affective Characteristics 

Measuring student growth in the affective domain is an inherently difficult thing 

to do.  While education research has come up with many well-defined approaches to 

measuring student growth in the cognitive domain, measuring affective growth remains 

convoluted (Klopfer, 1973; Mubeen & Reid, 2014).  Each of the affective characteristics 

are underlying latent constructs that can’t be directly observed.  Instead, measuring them 

requires interpreting student actions and behavior, or relying on self-report.  This means 

that each affective characteristic should be probed from multiple angles through multiple 

means.  Second, each affective characteristic is not wholly independent from the next and 

are also tied to cognitive and environmental factors.  “Internal personal factors in the 

form of cognitive, affective, and biological events; behavior; and environmental events 

all operate as interacting determinants that influence each other bi-directionally” 

(Bandura, 1997, p. 6).  Despite these challenges, the importance of understanding how to 

promote affective growth means that many psychologists and education researchers have 

come up with quantitatively reliable techniques (Rogers & Robinson, 2014).  These 

include self-report questionnaires, naturalistic observation, and student interviews. 

Lovelace & Brickman (2013) provide an overview of measuring student attitudes 

with the hopes that it will help “education researchers plan attitudinal studies such that 

they avoid common pitfalls” (p. 607).  The authors address many of the difficulties of 

measuring students’ underlying attitudinal constructs and present several strategies that 

they and other researchers have found effective.  Principally, the authors highlight several 

attitudinal scales that have been “purposely constructed (and) backed up by empirical 

evidence of interrelationship and evidence that they represent the underlying construct” 
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(p. 607).  They describe the “rigorous, iterative validation process” that each of the scales 

has undergone to “determine the aspects of the underlying construct the scale represents 

and empirically test the hypothesized relationships between the construct and its 

observable proxy” (p. 607).   

 Most of the vetted scales Lovelace & Brickman (2013) describe are specific to a 

unique aspect and /or level of science (i.e. college biology attitudes).  None of them, 

unfortunately are applicable to the specific affective characteristics and age group this 

study is concerned with.  While much of Lovelace & Brickman’s writing on measuring 

student attitudes toward science is on quantitative measurements, they also emphasize the 

importance of qualitative approaches, such as student-constructed written responses and 

interviews.  They do warn, however, that qualitative data can be difficult to analyze. 

In the absence of a pre-vetted scale, guidance was sought on how to best construct 

and refine a valid and reliable scale.  Hassan & Shigley’s (1984) documentation of their 

creation of a Likert-based instrument designed to measure students’ chemistry attitudes 

provides several considerations that should be addressed when writing Likert statements 

and assembling Likert scales.  For example, they described how subtle semantic 

differences in statements can trigger different responses from students and the importance 

of variation and overlap of statements.  They write that statements should be a mix of 

“ego-centered, social-centered, or action-centered” (p. 660).   

While self-report questionnaires are perhaps the most frequently used means of 

obtaining affective data from students, they are not necessarily the best.  “Self report… 

can only measure what respondents think about themselves and may or may not reflect 
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reality… the key to measuring motivation must be to look for behaviors indicating high 

motivation and low motivation” (Mubeen & Reid, 2014, p. 129).  Unfortunately, there are 

significant logistical obstacles to conducting extensive observations of student behavior. 

Student interviews, unlike questionnaires, allow for follow-up questions where 

students can be pushed to think more deeply and provide more thorough explanations.  

According to De Groot (2002): 

Self-report questionnaires do not permit an in-depth exploration of how 
individuals come to construct their own understandings within classrooms 
and schools or the role contextual factors play in the development of 
motivational beliefs and self-regulated learning… interviewing can be a 
useful method for gaining a better understanding of people’s experiences 
and the meaning of these experiences to them, and the dynamic interplay 
between individuals and contexts.  (p. 42) 

Unfortunately, similar to observing student behaviors, interviewing students is 

time consuming and interviewing each student is not always feasible.  Even so, 

interviews provide an opportunity for more nuanced understanding and using them for 

member-checking can be an important way to add validity and credibility to final 

conclusions (Harvey, 2015).  Member checking “allows the researcher to establish the fit 

between respondents’ views and the researcher’s representation of them” (Nowell, 

Norris, White, & Moules, 2017, p. 11). 

Authentic Science Research in the Classroom 

 Authentic science research in the classroom is similar to inquiry learning, though 

it aims to be as closely aligned as possible with how professional scientists study natural 

phenomenon.  For this study I will follow Roth’s (1995) concept of authentic science in 

an educational context: 
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For school science to be authentic, students should experience scientific 
inquiry which bears at least five aspects in common with scientists' 
activities: (1) participants learn in contexts constituted in part by ill-defined 
problems; (2) participants experience uncertainties, ambiguities, and the 
social nature of scientific work and knowledge; (3) participants' learning 
(curriculum) is predicated on, and driven by, their current knowledge state 
(wherever that might be); (4) participants experience themselves as part of 
communities of inquiry in which knowledge, practices, resources, and 
discourse are shared; and (5) in these communities, members can draw on 
the expertise of more knowledgeable others whether they are peers, 
advisors, or teachers.  (p. xiii) 

 

Optimizing Authentic Science Research to Maximize Affective Growth 

 There are several theories of learning that can be used to optimize authentic 

science research in the classroom to maximize growth in  student’s science-related 

affective characteristics.  The two theories that seem to provide the most guidance in this 

regard include the self-determination theory of motivation and the social-cognitive theory 

of learning.  Another important source for how authentic science research can be 

optimized to maximize affective growth is the lessons learned from those who have 

previously experimented with this approach. 

Self-Determination Theory of Motivation 

 Deci et al.’s (1991) meta-analysis of the self-determination theory of motivation 

with an emphasis on educational practicalities covers this theory’s ideas about the 

underlying factors that influence students’ motivation for learning on their own volition.  

Similar to Krathwohl et al.’s (1964) taxonomy of affective learning, the self-

determination theory of learning recognizes multiple precursors to internalization of 

affective growth.  “Simply stated, motivation, performance, and development will be 
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maximized within social contexts that provide people the opportunity to satisfy their 

basic psychological needs for competence, relatedness, and autonomy” (Deci et al., 1991, 

p. 327). 

Ormrod, Anderman, & Anderman (2016) define competence in regard to this 

theory as “a need to believe they can deal effectively with their environment” (p. 369).  In 

an educational context, this is often thought of as understanding course content and skills.  

In addition to student performance history, competence is also thought to be determined 

through social interaction.  For example, an individual’s sense of competence is likely to 

be boosted by having people they respect think that they are good at the academic 

subject.  While this seems like a good thing, and something that would drive the student 

to perform higher, it can sometimes do just the opposite.  “When learners can’t avoid 

tasks at which they expect to do poorly, they have several strategies at their disposal” (p. 

370).  These include not attempting the task at all or self-handicapping their effort to 

build in an excuse for when they don’t do well.  “Self-handicapping is seen as early as 

elementary school and becomes increasingly common in the high school and college 

years” (p. 370).  This “self-handicapping” is also discussed in the functional attitude 

theory literature, where it is referred to as the “self-esteem maintenance function of 

attitudes” (Pratkanis, Breckler, & Greenwald, 1989, p. 313). 

This knowledge of the psychological need for competence and how it is formed 

dictates three things that authentic science research should include if it is going to 

promote student affective growth.  First, the difficulty of the tasks that are asked of 

students should be carefully considered.  Second, students should be told repeatedly that 
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they are capable of successfully conducting their own research.  Third students should be 

given ample praise when they perform high quality work or if they make a significant 

jump in quality from where they had been.   

 Deci et al.’s (1991) “autonomy” component can be thought of as providing 

students with some room to make their own choices.  Students “with a sense of autonomy 

are more likely to be intrinsically motivated during classroom activities [and] to achieve 

at high levels” (Ormrod et al., 2016, p. 371).   

You need to recognize that while you have expertise in STEM content and 
the model you are using, the students that you want to engage have equally 
vital expertise to contribute from past learning and social and cultural 
experience.  They are experts in that, and they can help ensure learning and 
interventions are relevant, motivating, and engender persistence.  When we 
engage students as active partners in designing programs and in learning, 
we take both of our expertise and make something really powerful and 
effective. (J. Thomas, as quoted in Elliot & CADRE, 2015, p. 5). 

Autonomy is built into authentic science research in the classroom.  Students 

should be given room to come up with their own research questions, procedures, data 

collection schedule, and conclusions.  Directions should be given in an “informational” 

manner, where possible research project decisions are modeled but not emulated.   

The third cornerstone to affective growth according to the self-determination 

theory of motivation, “relatedness,” has to do with the degree to which students feel 

connected with and respected by others.  This component should be promoted through 

building rapport with students and through the establishment of a positive school and 

classroom culture.   
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Social-Cognitive Theory of Learning 

 The social-cognitive theory emphasizes the importance of students’ social 

environments on their growth.  While one of the fundamental attributes of authentic 

science research in the classroom is students working together in “communities of 

inquiry” (Roth, 1995, p. viii), this theory of learning also provides actionable ideas in the 

importance of scaffolding and in the framework it provides for understanding how 

individuals’ self-efficacy is formed. 

 Scaffolding in inquiry-type learning is typically provided by greater teacher 

involvement in planning the inquiry (i.e. structured inquiry / cookbook science labs).  

However, to maintain the authenticity of students’ science research experiences, teachers 

should provide only localized scaffolding.  “For example, during an open inquiry lesson 

the instructor may conduct a think-a-loud session in order to assist students in the 

development of more focused and tractable research questions” (Hitt & Smith, 2017, p. 

135).  Other forms of localized scaffolding that Hitt & Smith advise include written and 

oral prompts. 

 According to Bandura (1977), an individual’s self-efficacy can be strengthened or 

weakened by four things, three of which are relevant to optimizing authentic science 

research for affective growth.   

 The first and most significant determinate of an individual’s efficacy is their 

performance outcomes.  “Successes raise mastery expectations; repeated failures lower 

them, particularly if the mishaps occur early in the course of events” (Bandura, 1977, p. 

195).  Thus, the difficulty of the tasks within the authentic science research treatment 
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should be carefully considered.  If the tasks are too difficult and the students flounder, 

students’ efficacy may be negatively impacted.  However, the greater the challenge, the 

more potential for growth. 

 Second, individuals’ self-efficacies can be strengthened or weakened through 

vicarious experiences.  “We often form opinions about our probability of success by 

observing the successes and failures of other people, especially those whose ability levels 

are [similar]” (Ormrod et al., 2016, p. 367).  To promote student vicarious efficacy 

growth through authentic science research, high quality student work should be modeled 

to the rest of the class, especially when it was done by students that are typically closer to 

the middle or lower end of the performance spectrum. 

 Social persuasion is the third route to affect an individual’s perception of efficacy. 

If an individual is told that they are capable, or not capable, of completing a task, they 

may internalize that social feedback.  Confidence-boosting praises, however, should 

come with the reality check that there will be hard work and that students may need to 

ask for help at times.  “To raise by persuasion expectations of personal competence 

without arranging conditions to facilitate effective performance will most likely lead to 

failures that discredit the persuaders and further undermine the recipients' perceived self-

efficacy” (Bandura, 1977, p. 198).  It is important that persuasion be a secondary source 

of student self-efficacy, for if positive social persuasion becomes the dominant builder of 

student self-efficacy and performance outcomes aren’t emphasized, genuine praise for 

when the student does perform at a high level will not be as effectively internalized 

(Cleaver, 2007).   
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Proven Approaches and Lessons Learned 

Chapman & Feldman (2016) demonstrated that an authentic science experience is 

a viable means to increase students’ sense of science-identity.  The approaches they 

believe are responsible for the positive outcomes include maximizing student 

involvement, emphasizing the nature of science, and promoting the three components 

advocated for in Deci et al.’s (1991) self-determination theory of motivation. 

On a cautionary note, Chapman & Feldman (2016) also discovered that students 

quickly formed misconceptions that all science is done through the epistemological 

approach to research the students used.  “It is important to be cognizant that exposure to 

one type of authentic science experience may lead to misconceptions or limited 

understandings of how scientific knowledge in general is constructed” (p. 472).  The 

students they worked with primarily employed controlled experiments, and they ended up 

with the misconception that all science research is based on controlled experiments.  For 

this reason, students should be exposed to multiple approaches scientists use to study 

natural phenomena.  

Schwartz et al. (2004) found that highlighting the nature of science throughout 

students’ research experiences greatly improves the chances that students’ attitudes 

toward science will be improved.  “Just ‘doing science’ is insufficient for one to develop 

conceptions of the nature of science” (p. 637).  In addition, they articulate the 

significance of maintaining scientific social interaction on the development of science 

identity.  Since “identity is not only socially constructed but is also malleable (and) it can 

change over time and in different contexts,” “a student doesn’t take on the role of 
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scientist in isolation, but rather is a scientist because others treat and talk to the student as 

a scientist” (Schwartz et al., 2004, p. 473).   

Gray et al. (2012) also affirm the value of the nature of science in authentic 

science research in the classroom.  These authors additionally assert student participation 

in authentic science research has little value if students are either just following a simple 

protocol to collect data or doing simple repetitive analyses for another scientist.  Their 

assertions about maximizing student involvement are supported by Jordan, Crall, Gray, 

Phillips, & Mellor (2015).  These authors define the various roles students can fill in 

scientific research: contributor, collaborator, and co-creator.  The contributor role 

involves students collecting data or completing basic repetitive analysis functions.  While 

there may be value for students participating at this level (specific skills, practice with 

content, novelty-related science identity effects, etc.), the primary benefits of 

participation at this level go to the researcher and their study.  The collaborator role 

involves students participating at minimum in data collection and decision making in one 

or two other aspects of the study, such as research design, data analysis, conclusion 

formulation, or communication of findings.  The co-creator role involves student 

participation in decisions at all levels of the research project, even if scaffolded.  The co-

creator role provides the most benefit to students.  

The knowledge gained from the literature as described in this conceptual 

framework was instrumental in the construction of this study’s methodology. 
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METHODOLOGY 

This overarching goal of this mixed methods study was to determine if an 

authentic science research experience promotes growth in students’ science-related affect.  

The primary approach used to make this determination was a novel self-report student 

questionnaire administered both before and after an authentic science research treatment.  

Because of the convoluted nature of the affective domain, additional supporting data in 

the form of naturalistic observations and student interviews were also collected in order 

to provide more insight into how and why the changes did or did not occur.   

Four replications of this research plan were completed with eight different middle 

school science classes.  The first two replications occurred during the fall of 2019 and 

each involved just one class.  The third and fourth replications occurred during the spring 

of 2020 and each involved three classes.  One-hundred and twenty unique students 

participated in the study, though forty-six of them participated in two rounds of the 

treatment - one in the fall of 2019 and one in the spring of 2020.  The other seventy-four 

students each participated in just one treatment during the spring of 2020. 

The spring of 2020 brought some unexpected changes to the study, as school was 

transitioned to the online setting due to the COVID-19 pandemic.  The students’ product 

and performance summative assessments were going to be due the Friday of the first 

week schools were transitioned, and the final student survey instrument administration 

and final interviews would have been the following Monday and Tuesday.  Instead, to 

provide time for students who were having a hard time with the transition, this was 
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pushed back almost a month.  Even then, higher than anticipated numbers of students 

didn’t complete the assessments.   

Instrumentation 

 Three formal data collection instruments were utilized in this study, one primary 

and two supporting.  Primary was a novel student survey instrument.  The other two data 

collection instruments were a teacher observation instrument and student interviews.  In 

addition, formative assessments were used to guide instructional decisions and to learn 

more about how students were reacting to the treatment.  Formative assessments were 

most often employed to determine students’ progress and readiness for the next 

informational instructions.  Formative assessments were also used to group students, to 

learn how students were working together, to learn what students were finding difficult, 

and how students were responding to unforeseen barriers. 

Student Survey Instrument 

  The student survey instrument (Appendix A) was created specifically for this 

study to measure the five science-related affective characteristics.  Following the before 

versus after research design, the survey was completed by students both before and after 

the treatment.  These before and after surveys will be referred to hereafter as the “initial” 

survey and the “concluding” survey.  

 Since students were completing the survey twice and time is always a limiting 

factor for teachers, the student survey instrument was made to be completed in 10 

minutes or less.  Also, keeping the surveys short was a way to promote student 
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participation, since “administering multiple surveys in one academic year can 

significantly suppress response rates in later surveys” (Porter, 2004, p. 56).  While this 

decision might have had some cost in terms of the instrument’s discriminate validity, it  

made data collection more time-efficient and helped to limit survey fatigue. 

The student survey is made up of 11 statements to which students select their 

level of agreement on a five-point ordinal scale (1=Strongly Disagree, 2= Disagree, 3= 

Neutral, 4=Agree, 5 = Strongly Agree).  The statements collectively cover the most 

important determinates of each of the affective characteristics.  The statements originally 

came from vetted Likert scales highlighted in Lovelace & Brickman (2012) and Bråten & 

Olaussen (2000).  Three of the statements were modified when I found they lacked 

validity for this application.  This is discussed in greater depth in the Data Analysis 

chapter.   

The 11 statements were assembled into Likert scales made to overlap so that each 

science-related affective characteristic could be represented by at least four different 

statements.  As there is overlap in the determinates of the affective characteristics, most 

of the Likert statements on the instrument are used in at least two scales.  For example,  

the statements “I am considering attending college to study science,” “I’m good at 

science,” “I can design and complete a science lab to answer science-related questions I 

have,” and “I want to be a professional scientist” make up the science self-efficacy scale 

but are also used in other scales.  How the 11 statements make up the five scales can be 

seen in Appendix B.  The rationale for each statement’s inclusion in a scale can be seen 

in Table 1. 
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Table 1. Likert Scale Assembly Rationale. 

Scale Name Likert Item Included Rationale 

Science Identity “I think of myself as a 
scientist.” 

Recognition component of identity / 
Direct approach. 

Science Identity “I want to be a professional 
scientist when I grow up.”  

Competence component of identity / Can they 
see themselves as scientists? 

Science Identity “I want to attend college to 
study science.”  

Competence component of identity / Can they 
see themselves as scientists? 

Science Identity “I’m good at science.” Competence component of identity / Can they 
see themselves as scientists? 

Science Identity “I can design and complete a 
lab to answer my science-
related questions.” 

Performance component of identity 
 
 
 

Science Self-
Efficacy 

“I’m good at science.” Direct approach 

Science Self-
Efficacy 

“I can design and complete a 
lab to answer my science-
related questions.” 

Confidence regarding doing science 

Science Self-
Efficacy 

“I want to go to college to 
study science.” 

Are they confident that they can do it? 

Science Self-
Efficacy 

“I want to be a professional 
scientist when I grow up.” 

Are they confident that they can do it? 

Interest and 
Enjoyment of 

Science 

“I enjoy learning science.” Direct approach. 

Interest and 
Enjoyment of 

Science 

“I want to go to college to 
study science.” 

Do they find it interesting and / or enjoyable 
enough to commit to studying it in college? / 
How much do they like it compared to other 
things? 

Interest and 
Enjoyment of 

Science 

“I want to be a professional 
scientist when I grow up.” 

Do find it interesting and / or enjoyable enough 
to pursue it as a career? / 
How much do they like it compared to other 
things? 

Interest and 
Enjoyment of 

Science 

“I learn about science outside 
of school.” 

Do they find it interesting and / or enjoyable 
enough to spend their free time learning it? 

Perceived 
Relevance of 

Science 

“It is important that I learn 
about science, even if I don’t 
pursue it as a career.” 

Direct approach / 
Is knowing science important even if I don’t 
benefit directly from it? 

Perceived 
Relevance of 

Science 

“I benefit from science in my 
everyday life.” 

Direct approach / 
Does science provide me with direct value? 

Perceived 
Relevance of 

Science 

“I want to go to college to 
study science.” 

Is science important enough to commit years of 
their life to learning more about it? /  
How important is it compared to other things? 

Perceived 
Relevance of 

Science 

“I want to be a professional 
scientist when I grow up.” 

Is science important enough to commit the rest 
of their life to practicing it? / 
How important is it compared to other things? 
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Intrinsic Motivation 
for Science 
Learning 

“I work hard to understand 
science topics, even when my 
effort doesn’t affect my 
grade.”  

Direct approach / 
Are they driven to learn science on their own 
volition? 
 

Intrinsic Motivation 
for Science 
Learning 

“I want to learn more about a 
specific topic in science, even 
if it doesn’t affect the grades 
I get in school.”  

Are they driven to learn science on their own 
volition? / 
Do they have science-related goals? 
 

Intrinsic Motivation 
for Science 
Learning 

Each of the other nine 
statements on the survey are 
a part of the motivation scale.  

Intrinsic motivation is a “second order” 
characteristic that is determined by all of the 
other affective characteristics. 
 

 

In addition to the ordinal Likert response to each statement, the student survey 

contains a qualitative component.  During the initial administration of the survey, 

students were asked to write explanations of the rating they selected for each statement.  

During the concluding survey, students were asked to write about how the treatment 

might have affected how much they agreed with each statement. 

  Prior to distributing the surveys, I discussed with students the significance of 

their survey responses and told them how thankful I am for them taking their time and 

reflecting on each statement.  Students were repeatedly asked to just answer honestly and 

were repeatedly told that the answers they provided wouldn’t affect their grades.  In order 

to limit the number of students who didn’t complete the written portion, I told the 

students “Just jot down your thoughts.  Don’t worry about your spelling or writing in 

complete sentences.  Just try your best to explain what you’re thinking.”  To allow for 

paired-value comparative analysis techniques, students were asked to put their names on 

their surveys.  Paired-value comparative approaches limit the influence of latent and 

hidden variables (McFarland & Yates, 2016). 

 



24 
 
Teacher Observation Instrument 

 The teacher observation instrument (Appendix C) was created to monitor how 

closely the treatments aligned to the recommendations from educational theory and 

proven approaches to administering authentic science research in a way that maximizes 

student growth in the affective domain.  Similar to the student survey instrument, it elicits 

agreement-based Likert ordinal data and qualitative data in the form of written 

explanations for each Likert rating.  Instead of the statements being designed to measure 

affective characteristics, as they are on the student survey instrument, the statements on 

the teacher observation instrument are meant to encapsulate the various categories of 

recommendations from the literature.  The teacher observation instrument also has three 

journaling prompts to spur reflection on which components of the treatment were 

working well, which aren’t, and ideas for improvement. 

The teacher observation instrument was also meant to act as a recording device 

for naturalistic observations of students.  Even though systematic observation of students 

is suggested as a way to determine whether or not student affective growth was occurring 

(Mubeen & Reid, 2014), this was found to be incompatible with actively teaching and 

providing the localized scaffolding students were requiring.  Thus, naturalistic 

observations were limited to the moments in between these higher priority needs. 

Student Interviews 

Student interviews served three main purposes: to gain a greater understanding of 

how students interpreted the statements on the student survey (validation purpose), to 

learn how students perceived the treatment and how the treatments might have impacted 
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students’ science-related affective characteristics (mechanism of change purpose), and to 

conduct member checking at the end of the study (interpretive validity purpose). 

The students who participated in the interviews were selected randomly, with the 

exception of the students interviewed at the end of the first two replications.  Due to time 

constraints and the limited amount of information provided by some of the randomly 

selected students (i.e. shy students), the decision was made at that time to use a sample of 

convenience where students were asked to volunteer to be interviewed.  This approach 

yielded much more information, but it came at the cost of that information not being 

representative of the whole class.  Students were interviewed individually, in groups of 

two, and in groups of four. 

The interviews related to the validation of student survey instrument statements 

occurred during the first two replications, shortly after students had completed the initial 

survey.  During the interviews, students were asked about each of the statements, “Would 

you please share your thought process for how you came to the rating you did?”  Prior to 

the interviews, students’ written explanations for the level of agreement they selected 

were analyzed to determine which statements were clearly being interpreted in a way 

different than I intended.  I modified each of these prior to these interviews and also 

asked students how they would interpret them.  Students’ responses were probed to 

provide for the most accurate data about students’ understanding of the statements.   

The primary purpose of the interview sessions at the end of the treatment was to 

examine the interpretive validity of my initial conclusions through member checking.  

Also, these interviews were used to gain a greater understanding of how the treatments 
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affected students’ views toward science and students’ general impressions of the 

authentic science research treatments.  During the third and fourth replications, the 

concluding interviews were also used to understand how students were affected by the 

transition to the online setting.  Students were also asked whether they thought their 

research projects would have been possible if they hadn’t begun in the classroom but 

instead were done entirely online. 

To conduct member checking, I first described to the students the conclusions I 

drew based on my analysis of students’ quantitative student survey data.  To aid in their 

understanding of these conclusions, students were shown simplified graphs of students’ 

average Likert scale values before and after the treatment.  A very brief explanation of 

what the scales meant was provided.  If students seemed to easily grasp that or were 

curious to learn more I provided more in-depth explanation.  When students didn’t seem 

to be grasping the scale concepts, I told them to think of each of them in the same way 

they thought of one of the Likert statements.  For example, for science identity, I would 

tell these students to think of the values as the average student levels of agreement with 

the statement “I think of myself as a scientist.”  Once I was confident the students had a 

solid grasp of the results and the conclusions I made, I asked if they could identify with 

the trend observed.  In other words, did they think they changed in the same way as the 

overall averages did.  Responses to this question were probed to learn more about why or 

how they think that change happened.   
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Triangulation of Data Sources 

 The various data collection instruments were triangulated to ensure the reliability 

of the study’s conclusions (Table 2). 

Table 2. Data Triangulation Matrix. 

 Student Survey 
Instrument 

Teacher Observation 
Instrument Student Interviews 

Sub-question #1: 
 
In what ways 
does authentic 
science research 
influence 
students’ 
science-related 
affective 
characteristics? 

Primary means of 
answering this 
question. 
 
Likert scale data from 
before and after each 
treatment will be 
compared. 
 
Students’ written 
responses will 
provide validation of 
statements and aid 
understanding of 
mechanisms of 
change.  
 

Observations of how 
closely each 
treatment was 
aligning with the 
recommendations 
from the literature 
informed why some 
treatments were more 
impactful than others. 
 
Student quotes that 
were representative 
of themes were 
recorded. 

Initial interviews 
will provide 
additional 
validation of 
statements. 
 
Concluding 
interviews will 
solicit 
explanations 
regarding 
mechanism and 
will function as 
member checking. 

Sub-question #2: 
 
Is authentic 
science research 
feasible in an 
online education 
setting? 

NA 

Teacher observations 
during the online 
portion of third and 
fourth replications 
were focused on this. 

Primary means of 
answering this 
question. 
 
Final round of 
interviews 
explored how 
students were 
affected by move 
to online setting. 
 

 

 

 

 



28 
 

Data Analysis Strategies 

 Similar to how the data collection instruments were triangulated to ensure the 

reliability of the study’s conclusions, overlaps in data analysis techniques helped to 

ensure reliability of interpretations. 

Validity and Reliability Analysis 

The validity and reliability of data sources are important to the confidence that 

one can have in a study’s conclusions.  Since the Likert scale data was at the center of 

this study, validity and reliability analyses were focused there.  This analysis utilized data 

from all four replications. 

Construct validity, the degree to which students interpret the question that is being 

asked of them in the same way it was intended to be interpreted, was determined to be the 

most important form of validity for this study (Hassan & Shigley, 1984).  Specifically, 

construct validity analysis was used to determine if students interpreted the statements on 

the student survey instrument as I intended them to.  This involved the use of a deductive 

coding strategy where pre-defined possible written explanations were devised.  The 

number of students’ who provided an explanation within those pre-defined codes was 

tabulated to determine which statements were misinterpreted by students.  The statements 

that were frequently (>20%) misinterpreted were modified to clarify the desired 

interpretation.  Modified statements were not assumed to now be valid.  Instead, they 

were validated just as the original statements were.  Another way construct validity was 

ensured in this study was through asking students to explain how they interpreted each 

statement during the initial interviews during the first and second replications.   
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Interpretation validity, the degree to which I interpreted students’ responses, was 

achieved through the member checking process in the concluding interviews.  Student 

responses to member checking were analyzed with an iterative inductive coding strategy. 

The first reliability analysis that was utilized was a measure of the internal 

consistency of the Likert scales.  Internal consistency of a Likert scale can be thought of 

as the degree to which the statements that are intended to measure the scale’s underlying 

construct agree with each other.  “In a well-designed instrument with several scales, the 

response patterns of an item intended to be part of a particular scale should be more 

similar to response patterns of the other items on that scale than the items on the other 

scales that are intended to be associated with a different construct or aspect” (Taber, 

2018, p. 1279). 

Cronbach’s alpha (Cronbach, 1951) is the most commonly used test to measure a 

scale’s internal consistency.  This quantitative test analyzes the degree of covariance 

among items within the same scale.  While there seems to be some disagreement within 

the published literature on how to interpret the Cronbach’s alpha statistic, 0.7-0.9 seems 

to be a commonly used range that signifies a high degree of internal consistency.  Values 

over 0.9 or 0.95 indicate redundancy in the scale, where multiple items are addressing the 

same aspect of the underlying construct (Taber, 2018). 

Since participation in this research was voluntary, how representative the 

participants were of the student population was determined to ensure representative 

reliability.  How representative the participants were of the greater student population 

was determined first by looking at the percent of students that completed the surveys.  If 
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close to 100% of the students completed the surveys, there would be no additional 

analysis needed.  If many students did not participate, however, there would need to be 

additional analysis of how the participants compare to the greater student population.  For 

example, if only the higher achieving students completed the surveys, the results would 

not be reliable for the class as whole.   

Analysis of Quantitative Student Survey Data 

 All the following analyses of quantitative data were conducted both with 

individual treatment level data and with pooled study-wide data.  For the study-wide 

analyses, all before-treatment data were combined and compared with the combined 

after-treatment data. 

Exploratory Data Analysis 

Prior to students’ Likert item responses on the student survey instrument being 

compiled into the five scales, exploratory data analysis techniques were used to 

understand patterns in students’ before and after treatment responses.    

The first exploratory data analysis technique used was contingency tables.  

Contingency tables were created for each Likert statement to visualize patterns in 

students’ combination before and after treatment responses.  Rows on these tables 

represent student responses before treatment, columns represent student responses after 

treatment, and cell values will be the count of students who had each combination of 

before and after responses.  These tables provided a digestible overview of the 

distribution of combinations of responses to each statement, indicating which statements 
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changed the most and which subset of students changed the most (i.e. those that started 

with lower scores versus those that started with higher scores). 

The next exploratory data analysis was the compilation and review of descriptive 

statistics that could be derived from the item-level data.  Since this was just for 

exploratory analysis, the ordinal nature of the Likert item responses was ignored.  Means 

and standard deviations were calculated for each item and were compared to get an idea 

of which statements saw the most change and to get a sense of the variance. 

Likert Scale Assembly 

 While it is more common for Likert scales to be assembled through a summation 

of the individual items’ values, the items’ mean was used in this case to maintain a 

consistent frame of reference.  Since the scales weren’t all made up of the same number 

of items, it would have been difficult to compare and visualize the differences between 

each scale if the items were summed.  Scale values were interpreted as the degree to 

which the student has developed the affective characteristic.  Values between four and 

five were interpreted as “highly developed.”  Values between three and four were 

interpreted as “somewhat developed.”  Values between two and three were interpreted as 

“poorly developed.”   Values between one and two were interpreted as “no evidence of 

development.” 

Data Visualizations 

 After each scale was assembled, visualizations were created to view their 

distribution and how their values changed between before and after the authentic science 

research treatments.  The specific visualizations of scale data that were created include 
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density distribution curves for each scale, paired boxplots of student scale values before 

and after each treatment, and side by side (faceted) histograms of the distribution of 

students’ scale values before and after the treatment.   

Comparative Analysis 

Since the student survey data is ordinal, all comparative analyses were done with 

nonparametric techniques.  Though most nonparametric tests can be used with a greater 

variety of data types, including ordinal and non-normally distributed data, they are less 

sensitive.  “Nonparametric testing procedures have less power, and nonparametric 

confidence intervals are wider than their parametric analogues in the same problem 

situation using the same error control” (Heiberger & Holland, 2015, p. 577). 

The standard nonparametric test for comparative analysis of matched data is the 

Wilcoxon matched-pairs signed rank test.  As such, this test was used to determine 

whether the differences between students’ before and after treatment scale values were 

statistically significant.  The Wilcoxon matched-pairs signed rank test assumes a 

symmetrical distribution, so the previously described distribution visualization was 

analyzed to ensure this requirement was met.  This test involves first calculating the 

difference between each pair’s before and after and then ranking the differences by their 

absolute value.  Next, the sign of the difference is added onto the rank and then all the 

signed rankings are summed.  This sum of the signed ranks is the W statistic.  Next, the W 

statistic is compared to the number of pairs of data on a Wilcoxon critical value table to 

obtain the p-value.  The p-value can be thought of as the probability that the difference 

observed between the data sets (before and after data in this case) would happen by 
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chance if the true difference between them was zero.  Even though two-tailed tests are 

less powerful than one-tailed versions, the two-tailed version of the Wilcoxon matched-

pairs sign rank test was used since students’ scale values could go up or down in response 

to the treatment.  Since this study is using a two-tailed nonparametric test, the likelihood 

of type I error (significant difference not detected even though actual difference exists) 

will be high and type II error (significant difference detected when no actual difference 

exists) will be low.  In other words, if a statistically significant differences are detected, 

we can be very confident they are real  (Heiberger & Holland, 2015). 

 While the Wilcoxon matched-pairs signed rank test can determine whether the 

before and after data are different in a statistically significant way, it can’t indicate the 

magnitude of the effect of the treatment.  Thus, the Wilcoxon’s effect size (r)  statistic 

was also calculated.  This test determines effect size by factoring the number of samples 

into the Wilcoxon’s z statistic, a derivative of W.  When it comes to interpreting the 

Wilcoxon’s r statistic, a value <0.2 is considered a small effect, 0.2-0.5 is considered a 

moderate effect, and >0.5 is considered a large effect. (Hedges & Olkin, 1985). 

Significance of Students’ Science-Related Achievement 

 Student science-class grade data were incorporated into this study to determine if 

different segments of the student population were affected differently by the treatments.  

How much each student’s Likert scale values changed between before and after the 

treatment was correlated to their grade in science class.  Students’ pre-treatment scale 

values were subtracted from their post-treatment scale values to produce a “change” 

vector, such that a positive change (growth) resulted in a positive value and a negative 
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change (loss) resulted in a negative value.  Thus, a positive correlation would indicate 

that students who have higher grades exhibited more growth (high grades correlate to 

positive changes), while a negative correlation would indicate that students who have 

lower grades exhibited more growth (low grades correlate to positive changes).   

Spearman’s rank-order correlation (ρ) was used for this analysis since it is a non-

parametric way to determine strength and directionality of relationship (Heiberger & 

Holland, 2015). 

Thematic Analysis of Student Reponses Regarding How the Treatment Affected Them  

Students’ written explanations for why they thought the treatment did or did not 

change their level of agreement with each statement on their concluding surveys were 

analyzed with an iterative-inductive thematic analysis (Braun & Clarke, 2006).  

According to Nowell et al. (2017), thematic analysis is “useful for summarizing key 

features of a large [qualitative] data set, as it forces the researcher to take a well-

structured approach to handling data, helping to produce a clear and organized final 

report” (p. 2).   

The iterative-inductive thematic method, which was also used to analyze student 

interview response data, involved first reading and rereading students’ written responses 

to come up with an initial list of major themes.  Second, an attempt was made to code 

each student response into one of the initial themes.  The many student responses that 

didn’t fit into one of the initial themes instigated a re-defining of the major themes and 

the addition of a none-of-the above category for student data that could not be 

interpreted.  After the themes were finalized, the frequency of each theme was tabulated.   
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How Closely the Treatments Adhered to Recommendations  

In addition to being useful in day-to-day decision-making, the teacher observation 

data and was also analyzed to determine how much each treatment aligned with the 

theoretical and proven approaches to facilitating authentic science research in a way that 

maximizes affective growth.  To augment this data, a few of the formative assessments 

were designed to capture students’ perspectives on whether these recommendations were 

being followed. 

Effects of the Transition to Online Setting 

 As the transition to the online setting was an unforeseen event, the only 

opportunity to learn directly from the students about how they and their research projects 

were affected by the transition was the concluding interviews.  In these interviews, 

students were asked “How is the online school going?”, “How did the transition to online 

school affect your research project?”, and “Do you think the research project could have 

been done entirely online?”  As with all other interview questions, students’ responses 

were probed with additional questions to obtain a deeper understanding of their 

experience. 

 Also, to better understand how students were affected by school being moved 

online, students’ grades from before school was moved online were compared to the 

grades they received during the online school.  The assignments students were given 

during the online time period were of a similar level of difficulty to those given during 

the prior academic quarter. 
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The Authentic Science Research Treatments 

Each treatment was associated with a unit of learning from the students’ science 

curriculum.  The treatment would begin a few days to a few weeks into the new unit and 

would run concurrent with that unit.  In other words, the authentic science research 

treatment was in addition to students’ planned learning, not a replacement for it.  That 

being the case, students went back and forth between planning and conducting their 

research and working on the labs and assignments that go along with the unit content.   

The first days or weeks of the unit provided students with some background 

knowledge on the subject they could utilize in choosing their research topic and 

assembling their research design.  The treatments typically began right after the initial 

student survey was completed with a lesson about how scientists learn about the unit 

topic.  In this lesson, both controlled experiments and observational studies were 

discussed.  This lesson closed by highlighting the amazing scientific discoveries that 

young people have made, and then the students were told that they would do their own 

scientific research.  What happened from this point until the concluding student survey 

was specially tailored to fit each unit.  The insect, heat, and plant units, where students 

mostly did controlled experiments, were similar to each other.  The astronomy unit had a 

different structure because the students conducted observational research using robotic 

telescopes. 
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Seventh-Grade Insect Unit 

 The first replication of this study began in November 2019 with a seventh-grade 

class of 25 students.  Students completed the original student survey about one week into 

the students’ insect unit.  Data from this survey, along with follow-up interviews of six 

students, was used to measure the validity of the statements and modify those statements 

that were found to be flawed.  Approximately one week after they took the original 

survey, students completed an abbreviated survey of just the three modified statements. 

The treatment began shortly thereafter, with a lesson on crickets that highlighted 

several of the reasons they are important to study.  This lesson ended with the 

highlighting of the numerous scientific discoveries that young people have made and the 

students being told that they would be conducting their own research using crickets.  The 

next day the students spent most of the class period finishing up a lab related to the unit 

content, and the research was only brought up in the last few minutes of class when 

students were asked to share their research ideas.  Only a few students shared, just 

enough to remind everyone that they should be thinking about this.  The last five minutes 

of the next class period had students completing an exit ticket, where they were to write 

about the research idea or ideas they were contemplating.  In addition to making sure that 

students were thinking about how they might conduct their research, this data also 

informed logistics planning. 

The next day I asked students to share some of the research ideas they were 

considering.  This brainstorming session helped get the ideas flowing for the students, 

though it also provided an opportunity to introduce the students to designing high quality 

research questions.  To this end, I introduced students to the SMART approach to 
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constructing research questions (Specific, Measurable, Attainable, Relevant, and 

Testable).  I modeled the creation of a SMART research question to the students and 

highlighted how scientists need to be creative when coming up with research ideas and 

procedures.  Instructions were provided in an informational manner to the greatest extent 

possible.  Also, I made it abundantly clear that students are welcome to run their ideas by 

me at any time and I would provide them feedback.  I provided this feedback mostly in 

the form of questions that highlighted weaknesses or areas that could be improved.   

Over the next few days, students were given five to ten-minute blocks of time to 

talk their ideas over and organize themselves into cooperative research teams.  I 

suggested students should group with students who had similar research interests, though 

most students seemed to group together with their friends and then sort out which of their 

ideas they liked the best. 

Once students organized themselves into research teams of two to three, they 

were provided with a research planning handout (Appendix D), which provided localized 

scaffolding in the form of prompts.  From this point on, the amounts of classroom time 

were devoted to the students’ research.  Every day or two during this time (based on rate 

of student progress), the next informational set of instructions would be provided.  These 

instructions included the importance of identifying the variables that might affect the 

study.  The importance of constructing a detailed procedure that considered how those 

variables might be managed was also emphasized.  Another nature of science lesson 

followed, highlighting how experiments’ results don’t become accepted scientific facts 
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until the study has been repeated multiple times and the results are consistent.  This 

lesson helped to stress the importance of a thorough scientific procedure.  

The one major checkpoint I utilized in this unit, to ensure students were on the 

right track, was requiring them to get their procedure checked before I provided them 

with their materials.  Before I would check their procedure, I required they have another 

research team read through it and give them feedback about where it was confusing or 

where it could be made more clear. 

Once research design had been settled, students established their own roles and 

responsibilities in the execution of their research projects.  Most students conducted their 

research in plastic containers in which rotisserie chickens are sold.  These containers 

were new and donated by the local grocery store.  The data collection phase lasted 

approximately two weeks, and then each research team wrote a digital research report 

following the prompts on the research handout.  Students then completed the concluding 

student survey and presented their findings to the rest of the class in an oral presentation. 

Many student research topics were related to cricket food preferences, for 

example whether crickets had a preference between mangos and carrots.  Related to food 

preferences, some students investigated possible cricket deterrents, such as by comparing 

the crickets’ consumption of food with cayenne powder or essential oils to food without 

those substances.  Additionally, some students investigated habitat preference, such as 

through creating an environment that was half large gravel and half sand and seeing 

which one the crickets spent the most time on.  Thus, some students used controlled 

experiments and some designed experiments that were more observational in nature. 
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From the time students completed the initial survey to when they turned in their 

research reports was just over a month. 

Eighth-Grade Heat Unit 

This replication transpired over seven school days in late November and early 

December 2019.  The eighth-grade class of 21 students were about two weeks into their 

unit on heat when the initial student survey was completed.  As with the insect unit, the 

surveys from these students and interviews of six of these students were analyzed as a 

part of the validation of the Likert statements on the student surveys. 

  In addition to highlighting the many scientific discoveries young people have 

made, the opening lesson introduced the students to the field of ice cream science.  This 

included a short video about the ice cream lab at University of Massachusetts Amherst, 

which provided students with the background knowledge that ice cream quality its 

typically highest when the mixture is frozen as quickly as possible.  Students were then 

assigned an exit ticket on which they wrote an ice-cream making procedure and / or drew 

a diagram of a procedure they believed could rapidly cool an ice cream mixture.   

Students’ exit ticket ideas were used to organize students into a group with 

another student or two who had a similar procedure idea.  Groups were listed on the 

board when the next class period began, and I started out by going through the supplies 

that students would be provided with.  After that, students were given approximately 20 

minutes to brainstorm and refine a procedure.  After that, I shared with the students how 

scientific knowledge is constructed through the iterative process of scientists successively 

building on the knowledge that they and other scientists have already created.  This 
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nature of science message was meant to illustrate the reality that scientists don’t make 

discoveries in a vacuum.  Also discussed was the importance of scientists reporting their 

findings as clearly and as objectively as possible.  This segued into a discussion on how 

each research group could determine how well their procedure worked in a way that they 

and other scientists could potentially build upon.  Then, the students were given five 

minutes to brainstorm ideas for how they could measure the temperature change rate. 

Students were given approximately 15 minutes over each of the next two days to 

conduct more background research, refine their procedures, and to compile their supplies 

lists.  In most cases, students used the resources provided (ice cream mixture, cups, bags, 

snow, ice, salt, water), but there was one group that wanted to cool their ice cream 

mixture in a cooler full of dry ice.  They compiled the list of everything they needed, and 

these supplies were obtained for them. 

Finally, the day came when the students were to carry out their procedures and 

make ice cream.  Many students arrived early, eager to find out how well the procedures 

they spent the last week planning would work (and to eat some ice cream!).  Students 

were given the whole class period to conduct their ice cream research.  In several cases, 

students were able to revise their procedure based on how their first batch turned out and 

then make a second batch. 

This treatment finished up the next day when students took the concluding survey 

and completed a formative assessment about how their procedure worked and what they 

would change if they were to continue researching ice cream production. 
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The initial plan was to have at least another class period where students would 

present their findings and then participate in an argumentation session based on the data 

the ice cream experiments generated.  However, this did not occur due to poor time 

management on my behalf.  This replication was the least aligned with the theoretical and 

proven approaches described in the conceptual basis.  The students found this to be a fun 

activity, but the science research concept wasn’t taken as seriously as it was in other 

replications. 

Seventh-Grade Plants Unit 

 The third replication began the second week of February 2020.  This replication 

was conducted with 63 seventh-grade students spread over three classes, though only 58 

of those students completed both the initial and concluding surveys.  This treatment was 

very similar in structure to the insect unit, except that it lasted two weeks longer. 

After students had completed the initial student survey, I presented a lesson on 

how scientists study plants.  In this lesson I described how plant scientists use both 

controlled experiments and observational studies.  Examples of controlled studies that 

were highlighted included those used in the study of plant physiology and plant 

evolutionary histories and systematics.  Examples of observational studies that were 

discussed included agricultural and ecological techniques, such as plant interactions with 

herbivores and wildland plant community changes in response to climate change.  This 

lesson ended with students being told that they were going to be conducting their own 

plant research.  Prior to that, though, to inspire the students and to provide students with  
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a vicarious self-efficacy boost, I enthusiastically shared with the students several media 

headlines about recent scientific discoveries that middle and high school students made. 

The next day’s class began with students being introduced to two species of fast-

growing plants whose seeds would be provided: Wisconsin fast plants (Brassica 

campestris) and wheatgrass (Triticum aestivum).  Wisconsin fast plants were 

recommended to students who wanted to research anything related to flowering and 

fruiting, while the wheatgrass was recommended for students that either were interested 

in researching vegetative characteristics or had an interest in local agriculture (wheat is a 

major agricultural product in this region).  Students could choose a different plant to use 

as their research subject, but the importance of the plant being fast-growing was stressed.   

Over the course of the next week, approximately ten minutes were spent each day 

on informational instruction about how scientists conduct controlled experiments and the 

remainder of the period was left for students to brainstorm ideas and organize themselves 

into cooperative research teams.  I suggested students should group with students who 

had similar research interests, though like the insect treatment, most students again 

seemed to group together with their friends and then sort out which of their ideas they 

liked the best.  However, some students had unique research ideas that no one else was 

interested in and so they decided to work alone.  Once students had grouped up, they 

were provided with the research handout (Appendix D) which would function as 

localized scaffolding. 

Included in the informational instruction during the first week were an 

introduction to the SMART approach to constructing research questions (Specific, 
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Measurable, Attainable, Relevant, and Testable), the importance of identifying the 

variables that might affect the study, and the importance of constructing a detailed 

procedure that considered how those variables might be managed.  As I worked my way 

between the different groups during students’ work time, I made note of students that 

were coming up with some high-level research ideas and asked them if it would be okay 

if I shared their ideas with the class.  At the beginning of the next class period I would 

share with the class the high-level ideas and point out their merits.   

Towards the end of each day’s informational instructions, I would lead a class 

discussion on where groups were struggling.  Students from other groups were 

encouraged to help them think through their situation.  This was done with the 

assumption that there were multiple students that probably were having the same issue 

but either didn’t know what question to ask or were embarrassed to ask.   

Another nature of science lesson was given near the end of the first week, 

focusing on the importance of replication and sample size.  Students were left with the 

message that experiments’ results don’t become accepted scientific facts until the study 

has been repeated multiple times and the results are always similar.  This stressed the 

importance of students creating a thorough scientific procedure.  

As with the insect unit, students were required to get their procedure checked 

before I provided them with materials.  Before I would check their procedure, I required 

they have another research team read through it and give them feedback about where it 

was confusing or where it could be made more clear. 
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Once research design had been settled, students established their own roles and 

responsibilities in the execution of the research project.  There was a full class period 

devoted to students setting up their experiments and organizing their data collection 

routines.  After that, students returned to receiving the plant unit instruction and activities 

and had to manage their plants’ watering and care and their data collection on their own 

schedule during provided work time. 

About a week later, when it became clear that a few research groups already had 

enough data to answer their research questions, I decided to try out an activity that would 

further teach the students about the importance of replications and sample size (Braude & 

Corey, 2006).  I introduced the activity by telling a story about six dice that I suspected 

were loaded.  Each die was handed out to a group of students and they were told to roll it 

from six to thirty times and tabulate how many times it landed on each number.  Each 

group’s data were put on the whiteboard, and I led a class discussion about how confident 

we could be about whether each die was loaded or not.  I led the students to understand  

the more times each die was rolled, the more confident we could be in our conclusions 

regarding whether it was loaded or not.  In a similar way, the more replications a scientist 

conducts, the more confident they can be in their findings 

A few groups did end up completing more than one replication over the next 

week, but then the governor made the call that schools would be moved online due to the 

COVID-19 pandemic.  To ensure that students had access to the informational 

instructions for how to write their report, I posted a recorded PowerPoint presentation for 

the students on the Monday of the first week of online school.  I emphasized to the 
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students that it was okay if their research project didn’t turn out the way they had 

planned, and that this often happens to scientists on the first time they test out a new 

research idea.  Furthering this nature of science concept, I described how scientists often 

start out with small scale “pilot” experiments so that they can work out the kinks before 

they scale the experiment up.  I also described how this exemplifies the reality that 

sometimes scientists learn more when things don’t go as they planned.   

The move to online schooling definitely took the momentum out of this project.  

First, there were several research groups that misplaced either their research handout or 

their data collection log.  Students could make an appointment to come into the school to 

get items from their lockers, and this resolved some of these issues.  Second, several 

students never re-engaged with the project, despite my sending repeated personalized 

emails.  

Several students didn’t have any issues with the transition to online school and 

submitted high-quality research reports complete with graphs and thoughtful conclusions.  

However, numerous students struggled either with the online format or with not having a 

teacher in front of them to keep them working.  Several of these students ended up only 

submitting their report three weeks after the due date.  Others submitted only partially 

written reports.  Over 15% of all students (9/58) never submitted a report. 

The concluding student surveys were administered over Google Forms shortly 

after the plant research report due date over Google Forms.  After students’ quantitative 

Likert response data had been analyzed, eight students who participated in this replication 

were interviewed for the purposes of member checking my preliminary conclusions, 
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understanding why students might have been affected by the treatment, and to learn about 

how the transition to the online setting affected students and their research projects.  

Eighth-Grade Astronomy Unit 

 The final replication began in mid-February 2020, around the same time the plant 

treatment did.  This replication was conducted with 66 eighth-grade students  spread over 

three classes, though only 62 of those students completed both the initial and concluding 

surveys.  These students were two weeks into their astronomy unit, and had thus far 

learned about the sun, the solar system, stars, and nebulae. 

 Following students’ completion of the initial student survey, a series of lessons 

were presented that intended to provide students with a better understanding of how 

scientists learn about phenomena in which controlled experiments are not possible, such 

as landscape ecology and astronomy.  This introduction focused on nature of science 

understandings and these were primarily taught through active and social learning 

strategies.  The first activity for the students was to read a brief scientific project 

summary and to count all the different technologies that were mentioned.  This led to a 

discussion of how dependent modern scientists are on advanced technologies.  Next, 

students were given a fill-in-the-blank worksheet on how astronomers learn about the 

universe (Appendix E).  Students were encouraged to work on this in pairs to encourage 

discussion. 

 Next, a fifteen-minute video of an astronomer going through his daily work 

routine was shown.  Again, to promote active learning, the students were given a 

worksheet to follow along with (Appendix F).  The video was paused at several points for 
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class discussion aimed at comparing the astronomer’s story to the nature of observational 

science we had been learning about the day before. 

 It wasn’t until after I was confident that students had developed a solid 

understanding of the concepts of how astronomers learn about the universe that I 

presented what was the introductory lesson in each of the other three treatments.  This 

lesson began by showing students a picture of the various scientists and engineers at work 

in the Hubble Telescope Operations Control Center.  I pointed out to the students that 

each of the workers was sitting in front of computer, not a telescope.  This led to an 

explanation of how robotic telescopes have revolutionized the way that astronomy is 

conducted.  I next described for the students how the images that come back from these 

robotic telescopes are the data that astronomers use to learn about the objects.  Further, I 

explained how the image data can be thought of as a data matrix of different pixel 

brightness or color values, just like the signals our smartphones receive.  Like how our 

phones convert these matrices to color images, high tech image processing software can 

automate some of the steps of turning the data the telescope sends into a picture.  Unlike 

our phones, however, astronomers usually aren’t satisfied with the image that is produced 

through the automated processing.  As such, they must learn advanced image processing 

skills like those used by graphic designers.  Several before-processing versus after-

processing image sets were shown to illustrate this.  The first time through this material I 

ended the lesson here.   

 Since most of the information covered in the lesson about robotic telescopes and 

image processing was new to the students, I began with a review of all this the next day.  
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To provide students with a vicarious self-efficacy boost, I next shared with the students a 

few examples of the many astronomical discoveries that young people have made .  This 

included a video of a few students who were invited to the White House to celebrate their 

astronomical discoveries.  Following this inspirational video, students were told they 

were going to be conducting their own research using robotic telescopes through the 

Observing with NASA program (Gomez & Fitzgerald, 2017).  To further motivate the 

students about this opportunity and to assuage their initial doubts about their abilities to 

conduct astronomy research, I walked them through the website and showed them all the 

fascinating objects they would have the opportunity to image.  These included Solar 

System objects like the Sun, Moon, and a few planets, and deep space objects like star 

clusters, nebulae, and distant galaxies.   

 With the momentum up, I demonstrated the steps they would use to find the 

website and put an order in the telescope network’s queue.  This included a very brief 

explanation of exposure time and field of view, two of the settings the students would 

have control over.  Finally, to bestow in them the confidence that they could figure this 

out, I showed them some high-quality images of deep space objects that other middle-

school students had made using this software and pictures of those students holding their 

images. 

 The next day began with a video about the Observing with NASA program.  This 

provided the students with information about what the telescopes look like and how they 

work.  This went into more depth about the different settings students would have control 

of.  Afterwards, I opened my email to show the students how they will receive the images 
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they request.  I had requested an image the day before and it had been taken that night.  I 

showed the students how to open the image in the Observing with NASA web-based 

image processing software (JS9/4L) and went through the basic image processing steps 

so that the object could be observed.  This helped to demonstrate to students the concept 

that images are data matrices that need to be interpreted.  Students were then given about 

ten minutes to log into the Observing with NASA website so they could order their first 

images.  Students were encouraged to order as many images as they wanted to, but in the 

meantime, until most students had received their images, they resumed their unit content 

learning.   

 Even though a few students still hadn’t received a requested image after three 

days, most students had.  I made the call to proceed with training the students on how to 

use the image processing software.  I printed out enough copies of the software’s 

operations manual so that there would be at least one at each lab table, and then opened 

up a raw image into the processing software.  I asked the students to open up the 

operations manual and suggest what they thought the first processing step should be.  

While only three to five individuals in each class were providing confident answers, this 

was enough to get us through processing our first image together and I felt confident that 

it was enough students to allow for peer-to-peer social learning to take over.  With that 

decision made, I handed out an open quiz on the Observing with NASA image ordering 

process and the JS9/4L image processing software (Appendix G), and the students 

worked on this during their free work time over the next four days.  During these days, 
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students were also given additional astronomy content instruction and other astronomy-

related activities. 

 When everyone had completed the open quiz, we did another group-effort image 

processing to model the process for the students that were still a bit confused.  At that 

point, I presented the informational instructions for their research project.  The students 

were told that they would first choose one of the objects that can be imaged with the 

Observing with NASA telescopes and order several different images of it using different 

settings.  While they were waiting for the images to arrive, they would conduct web-

based background research on the object to learn more about it.  Again, a break was taken 

from the project while students’ images arrived.  During this time, they were encouraged 

to keep practicing with the image processing, though there was also some additional unit 

content delivered. 

 Since several students had completed the first steps and were waiting for further 

instructions, I decided to continue with the research project informational instructions.  

Once they had some background knowledge and their images had arrived, they would 

process the images to see as many features that they had learned about in the background 

research as possible.  More than that, they would try to find something in the image that 

was at odds with the background knowledge they’d acquired – something they could try 

to explain on their own.  This would lead to their hypothesis, a possible scientific 

explanation for something they observed.  Finally, they would write a few paragraphs 

about the observations of the objects based on the images they made and to explain their 

hypothesis.  Students were told that they would be putting all of this on a poster board 
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and they would provide a research poster session for the students from the 5th and 6th 

grade who were going to come into their classroom. 

 Unfortunately, at that point the governor made the call that schools should be 

moved online, and like the plant research treatment, the momentum of the project was 

lost.  As with the plant research treatment, I posted a recorded PowerPoint presentation 

for the students on the Monday of the first week of online school so that students would 

have access to the instructional information for how to keep working on the material that 

would go on their posters.  Unfortunately, like the plant research treatment, very few 

students became active in the online school environment until the following week. 

 After a couple weeks of online school, when it became clear that we probably 

weren’t going to return to the classroom, the decision was made to have the students 

create digital posters on a Google Slides slide (similar to PowerPoint, but available to 

each student through their school-provided Google Suite).  To facilitate this, I made a 

template that they could use, but I encouraged them to customize their poster however 

they liked. 

 The due date for the digital poster eventually came around, and close to 35% of 

the students hadn’t turned it in.  I sent out repeated emails to students who hadn’t 

engaged with the online learning, reminding them that the plan had been changed and 

that now students were to make digital posters.  Slowly, they trickled in.  About three 

weeks after the original due date, an email was sent out notifying students that the end of 

the quarter reporting was soon due, and this would be the last opportunity for students to 
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submit their poster.  Even with all these efforts, 20% of the students (12/60) never 

submitted a poster. 

The concluding student surveys were administered over Google Forms shortly 

after the astronomy research poster due date.  After students’ quantitative Likert response 

data had been analyzed, eight students who participated in this replication were 

interviewed for the purposes of member checking my preliminary conclusions, 

understanding why students might have been affected by the treatment, and to learn about 

how the transition to the online setting affected students and their research projects.  

Institutional Review Board 

 This research methodology was reviewed by Montana State University's 

Institutional Review Board (IRB) and was granted an exemption (Appendix H).  

Compliance with the IRB standards for conducting research with human subjects was 

maintained throughout the course of the study. 
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DATA ANALYSIS 

 All quantitative data analysis, except when specifically stated otherwise, was 

conducted in R software (R Core Team, 2017).  

Validation Results 

Using the deductive coding strategy where the number of students whose 

explanations allude to pre-defined interpretations of each statement are tallied, three of 

the original pre-vetted statements were deemed to be invalid for this study (Table 3).  In 

this process, it was realized that several students didn’t put much effort into their 

explanations.  In several cases, students wrote the same explanation for multiple 

statements.  These responses were not factored into the previously discussed validation 

criteria of <20% of the students who wrote coherent explanations.  Because of this, five 

to eight explanations per statement in each of the first two replications were thrown out. 

 
Table 3. Statement validation decisions and supporting quotes. 
Statement Validated  

/ Flawed 
Representative Quotes 

I enjoy learning 
about science 

Validated “The things that we do are so fun, but at the same time 
we’re learning” – Student who agrees; 
“I think it’s fun but it’s difficult” – Student who is 
neutral. 

It is important 
that I learn 
about science, 
even if I don’t 
pursue it as a 
career 

Validated “Yes, science will help your life” – Student who 
strongly agrees; 
“I don’t always get what we’d need it for in the real 
world” – Student who is neutral. 

I benefit from 
science in my 
everyday life. 

Validated “It helps me know what food to eat and what animals 
are safe” – Student who strongly agrees; 
“Not everyday but sometimes” – Student who 
disagrees 
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I want to attend 
college to study 
science 

Validated “I would like to do something with genes” – Student 
who strongly agrees; 
“I like science but I wouldn’t like to go to college to 
study science” – Student who disagrees 

When I don’t 
understand 
something in 
science I keep 
working until I 
get it. 

Flawed – 
Several 
grade 
focused 
answers 

“I had a bad grade but then I worked and worked to get 
a B” – Student who agrees 
“I need a good grade” – Student who strongly agrees; 
“Normally, but if I get a pretty good grade I’ll just turn 
it in” – Student who agrees 
* Since this is intended to measure intrinsic motivation, 
these grade-based responses won’t do 

I’m good at 
science 

Validated, 
though a 
few grade-
focused 
answers 

“Sometimes science is hard to understand but I usually 
get it” – Student who agrees; 
“I consider myself just okay at science” – Student who 
disagrees; 
“I only have 20 e.c. points in this quarter and I have a 
102.57% grade” – Student who strongly agrees 

I have short-
term science 
learning goals 

Flawed – 
Mostly 
grade-
focused 
answers 

“Get an A on the next test” – Student who strongly 
agrees; 
“Get an A on my next test” – Student who strongly 
agrees’ 
“I want to learn about space and space suits” – One of 
few students who understood statement as I intended. 
*Since this is intended to measure intrinsic motivation, 
these grade-based responses won’t do 

I want to be a 
professional 
scientist when I 
grow up 

Validated “I want to work with genes” – Student who strongly 
agrees; 
“I do not want to be a professional scientist” – Student 
who strongly disagrees; 

I can perform a 
scientific 
investigation 

Flawed – 
Students 
don’t 
understand 
term 

“I have no idea what that is” – Student who is neutral; 
“I don’t know what that is, but I would try to do it” – 
Student who is neutral; 
“I do pretty well with this, but I don’t understand some 
of it yet” – Student who agrees 
*Students are more familiar with the term science lab 

I learn about 
science outside 
of school 

Validated “Me and my dad love Yellowstone so I get a lot of 
science there” – Student who strongly agrees; 
“I sometimes learn science on youtube” – Student who 
is neutral; 
“I don’t like doing anything school-related on my free 
time” – Student who strongly disagrees 

I think of 
myself as a 
scientist 

Validated “I’m a mini scientist” – Student who strongly agrees 
“Only when I’m in Doc’s room” – Student who is 
neutral 
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 To further validate the student survey instrument, I questioned students about 

their interpretations of each statement during the first two rounds of interviews 

(November 2019, n=12).  Instead of asking them about each of the original 11 items, I 

asked them about the original eight that appeared to be valid based on student written 

explanations and the new, modified versions of the other three.   Findings from this 

interview provided a more detailed understanding of students’ interpretations, though 

those interpretations were largely consistent with students’ written explanations. 

While I felt confident enough with the construct validity of the student survey 

instrument Likert items based on the above described results and analysis, I continued to 

monitor its validity through the third and fourth replications to ensure that students were 

still mostly understanding the statements correctly.  This was done through reviewing 

students’ written explanations for why they selected the level of agreement in the initial 

survey.  No additional interviews were deemed necessary. 

Reliability Results 

  The five scales were all determined to be internally consistent.  Each of them, 

except for the science self-efficacy scale, had a Cronbach’s alpha (n=332) value greater 

than 0.7 and less than 0.9 (Appendix I).  The science self-efficacy value was 0.69, right 

on the cusp of the predefined lower threshold, but when the scale variants are analyzed it 

can be found that it’s value would be 0.72 without the statement “I can design and 

complete a science lab to answer science-related questions I have.”  Most students agreed 

with this statement more than they agreed with the other statements in the scale, and this 

was the statement that most directly asked students about their self-efficacy.   
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 In terms of representative reliability, the vast majority (>95%) of students 

participated in this study of how an authentic science research experience influences 

students’ science-related affect.  Therefore, all results should be considered representative 

of the whole student population. 

Quantitative Student Survey Results 

Exploratory Data Analysis 

 The first exploratory data analysis was conducted through the creation of Likert 

item data contingency tables in Microsoft Excel (pivot table function).  These tables 

showed the frequency at which students selected the different levels of agreement to the 

item before and after the treatment.    

 My first observation from these contingency tables was that students selected 

“strongly agree” far more often than they selected “strongly disagree,” both before and 

after the treatment.  Second, a pattern appeared in the contingency tables where more 

student growth occurred from those students who initially indicated lower levels of 

agreement, while more loss occurred from those students who initially indicated higher 

levels of agreement.  For example, the students that went from disagree to neutral 

typically outnumbered the students that went from neutral to disagree, while the students 

that went from “agree” to “strongly agree” were typically fewer than those that went from 

“strongly agree” to “agree.”  My efficacy-based interpretation of this trend is that 

students who initially doubted their science abilities realized that it wasn’t as 

overwhelming as they had thought, while the students who initially thought they had it 

mastered found out that there was more to learn than they realized. 
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 A cursory comparison of the combined before and combined after data showed 

that, on the whole, students had slightly higher scale values after the study than before, 

although the differences were very small compared to standard deviations (Table 4).  

Table 4 also shows that the scales generally had similar average values (range 2.70-3.25).  

The similarity in scale values is at least in part due to most of the statements having been 

used in multiple scales and some of the scales having only been different by the inclusion 

of one statement (i.e. Identity versus Efficacy).  This suggests that the scales are likely 

not unidimensional and will lack in discriminate validity.  While this is not a good thing, 

it was somewhat expected and is part of the tradeoff in designing the student survey in a 

way that would minimize the amount of classroom time it would require.  Also, the 

affective characteristics are known to be heterogenous, so seeing that students generally 

had similar values on the different scales is not surprising.  

Table 4. Means and standard deviations of combined before and combined after scale 
values.  SD=Standard Deviation; n=166, both before and after.  Percent growth calculated 
by dividing actual difference by original (before) value.  Difference as percent of SD 
calculated by dividing actual difference by average SD. 

Scale Name 
Scale Mean    

Before Treatment 
(SD) 

Scale Mean     
After Treatment 

(SD) 

Difference in 
Mean Values 

(Percent Growth) 

Difference 
as Percent 

of SD 
Identity 2.70 (0.83) 2.82 (0.85) 0.12 (4.4%) 14.2% 

Efficacy 2.81 (0.81) 2.89 (0.85) 0.08 (2.8%) 9.6% 

Interest 2.80 (0.92) 2.91 (0.91) 0.11 (3.9%) 12.0% 

Relevance 2.90 (0.85) 3.00 (0.87) 0.10 (2.9%) 11.6% 

Motivation 3.17 (0.70) 3.25 (0.72) 0.08 (2.5%) 11.2% 

Analysis of Scale Data Distribution 

 Before the comparative analysis could be conducted, the distribution of the scale 

data had to be evaluated do determine whether the Wilcoxon’s matched-pairs signed rank 
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test could be utilized.  Scale distributions were found to be symmetrical in a cursory 

visual inspection of  a single plot of layered density distribution curves (Figure 1), and so 

quantitative distribution analysis was not conducted.  Figure 1 illustrates how the scales 

have a mostly symmetrical distribution, though they tend to be kurtotic.  This analysis 

provided a green light for the Wilcoxon’s test, since the one major requirement, a 

symmetrical distribution, was observed. 

 
Figure 1. Distribution of the combined scale values.  Each of the ten lines represents 
either the before or after distribution of one of the five scales: science identity, science 
self-efficacy, interest and enjoyment of science, perceived relevance of science, and 
intrinsic motivation for science learning.  Range of students’ scale values were 1-5, but 
distribution appears to go beyond that range due to smoothing kernel. 
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Comparative Analysis 

Unit by Unit Analysis 

 While each of the units resulted in at least modest increases in each of the scale 

values (Figure 2, Appendices J-M), only the astronomy unit treatment resulted in 

significant increases or moderate effect size.    

 The astronomy unit treatment results (Table 5, Appendix M) showed a 

statistically significant increase in students’ science identity with a moderate effect size 

(p=0.015, r=0.321), a statistically significant increases in students’ interest and 

enjoyment of science with a small effect size (p= .020, r=0.291), and statistically 

significant increases in students’ intrinsic motivation for learning science with a moderate 

effect size (p<0.001, r=0.427). 

Table 5. Means and standard deviations of before and after astronomy scale values. 
SD=Standard Deviation. n=62, both before and after.   

Scale 
Name 

Scale Mean    
Before Treatment 

(SD) 

Scale Mean     
After Treatment 

(SD) 

Difference in 
Mean Values 

(Percent Growth) 

Difference as 
Percent of 

SD 
Identity 2.62 (0.84) 2.81 (0.89) 0.19 (7.3%) 22.0% 

Efficacy 2.75 (0.85) 2.88 (0.89) 0.13 (4.7%) 15.0% 

Interest 2.70 (0.88) 2.88 (0.95) 0.18 (6.7%) 19.7% 

Relevance 2.81 (0.82) 2.98 (0.88) 0.17 (6.0%) 20% 

Motivation 3.05 (0.72) 3.26 (0.77) 0.21 (6.9%) 28% 
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Figure 2. Unit by unit differences in the before and after scale values.  While the general 
trend of  the treatments increasing students’ scale values can be observed, only the 
astronomy unit resulted in statistically significant increases. 
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Combined Likert Data Analysis 

 To provide for a within-study meta-analysis of how an authentic science research 

experience influences students’ science-related affect, all the before-treatment survey 

data was compiled so that it could be compared to all of the after-treatment survey data 

(Figure 3). 

 
Figure 3.  Comparison of combined before and after scale values.  While each of the 
scales increased in average value after the treatments, only science identity and intrinsic 
motivation increased in a statistically significant way. 

 Comparisons of the before-treatment survey data to the after-treatment survey 

data using Wilcoxon’s matched-pairs signed rank test found that growth in science 

identity and intrinsic motivation for learning science were statistically significant 

(p=0.020 and p=0.037 respectively) (Appendix N).   The Wilcoxon’s effect size statistic 

showed that the growth in each of these characteristics was associated with a small effect 

size (r=0.184 and 0.161, respectively).   

 Interest and enjoyment of science and the perceived relevance of science were 

very close to meeting the p<0.05 criteria for interpretation as significant (0.053 and 0.056 

respectively).  If parametric statistics or one-tailed tests would have been used, the only 
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affective characteristic that wouldn’t have seen statistically significant growth would 

have been science self-efficacy. 

Significance of Students’ Science-Related Achievement 

Table 6. Spearman’s correlation between each student’s Likert scale change and the 
grade they are receiving in science class, (n=120). 

 
Change in 
Identity 
Scale 

Change in 
Efficacy 

Scale 

Change in 
Interest 
Scale 

Change in 
Perceived 
Relevance 

Change in 
Intrinsic 

Motivation 

Correlation 
to Student 

Grades 
0.28 0.27 0.13 0.17 0.24 

 

 Though the correlation between the change in students’ Likert scale values and 

their grades would be classified as weak or very weak, in all cases the relationship is in 

the positive direction (Table 6).  This signifies that students with higher grades grew in 

the affective characteristics marginally more than students with lower grades. 

Thematic Analysis of Student Responses Regarding How the Treatment Affected Them  

Perhaps the greatest challenge that was encountered in the study was interpreting 

the student-constructed supporting qualitative data.  Even during live interviews, it 

wasn’t always clear what students were trying to communicate.  The difficulty students 

experienced is exemplified by the following excerpt of an email I received from a 

student’s parent, describing how difficult it was for the student to explain how the 

treatment might have influenced the levels of agreement they selected for the Likert 

statements in the online-administered concluding survey: “This was VERY hard for 
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(student name).  He was in tears the whole time, saying he didn't know how to explain his 

answers.  He felt like they kept asking him the same thing over and over.” 

The planned thematic analysis of students’ explanations of how the authentic 

science treatment influenced their outlook towards science (from the concluding surveys) 

had to be modified as a result of students’ limitations with self-reflection and / or their 

ability to articulate their thoughts and feelings.  Themes were initially created around 

possible explanations for why changes in quantitative data occurred, though given the 

high degree of variation in how students responded and the incoherence of many 

students’ explanations, this was not feasible.  Because of this difficulty, themes were 

instead centered around whether the student thought the project impacted them and in 

what way (Table 7).    

Table 7. Themes derived from students’ written explanations on concluding surveys. 
Theme Name Definition Examples 

Negative 
change 

Student disliked the 
research project so much 
that it made them 
disagree with the 
statement more than they 
did initially. 
 

“No, the astronomy project actually made 
me not like it more.” 

No change, 
negative 
feelings 
toward 
research 
project 

Student makes it clear 
they didn’t like the 
research project and 
weren’t affected by it. 

“The astronomy research project did not 
change how important I think it is to learn 
about science because I do not understand 
why I would need to learn that for any 
future careers that I would be interested 
in.” 

No change, 
but valued 
the research 
project 

Students found some 
value or enjoyment, but it 
wasn’t significant enough 
to cause perceived 
change. 

“No the plant research project did not 
change how much I want to be a scientist.  
I have a passion and it is teaching, but I do 
love science and I am very interested in 
learning more about it.  The plant research 
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Theme Name Definition Examples 

project … made me more excited to learn 
about and study science in college.” 

No change, 
because I 
already 
highly value 
science 

Students liked the project 
but already agreed or 
strongly agreed to the 
statement.  No change 
could be indicated. 

“No, I have always thought I benefit from 
science.  The Astronomy research 
supported my answer, but didn't change it.  
In everyday life you use science a lot.” 

A small 
amount of 
positive 
change 

Student liked the project 
and thinks maybe it 
changed their outlook a 
little. 

“The astronomy research project kind of 
changed how I think of myself as a 
scientist. I really liked how we got to pick 
a lot of our project, so it was like we were 
doing our own experiment.” 

Yes!  This 
project was 
very 
meaningful 
to me 

Student loved the project 
and grew significantly in 
the science-related 
affective characteristics. 

“Yes, it did change my confidence in 
science, but in a positive way! The plant 
research project was (in my opinion) an 
independent project, and it was fun and 
creative!  I felt confident and organized 
throughout the project, and I hope I feel 
that confidence in the future science 
projects to come.” 

None of the 
Above 

Student explanation 
doesn’t answer the 
question or is  
contradictory  

“Yes and no it was not the right time for 
this lab.” 
“idk” 
“I think it is needed but then I don't” 

The frequency of each theme was tabulated for each of the 11 statements (Table 

8).   A clear pattern was observed here where students’ explanations progressively 

deteriorated in quality.  This can be seen in the higher frequencies of the “None of the 

Above” theme in the later statements.  It is assessed that this is the result of reflection 

fatigue, where students’ ability to explain how the treatment affected their outlook on 

science waned.   
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Table 8. Frequency of each theme for each statement 

 Negative 
Change  

No change, 
negative 
feelings 
toward 
research 
project. 

No 
change,  
but valued 
the 
research 
project 

No change 
because I 
already 
highly 
value 
science 

A small 
amount of 
positive 
change 

Yes, this 
project 
was very 
meaningfu
l to me 

None of 
the Above 

Statement 
1 2 19 13 27 23 25 13 

Statement 
2 0 14 4 35 41 12 16 

Statement 
3 1 24 5 16 27 23 26 

Statement 
4 0 70 8 24 11 4 5 

Statement 
5 0 14 2 57 23 18 8 

Statement 
6 6 31 5 16 31 14 19 

Statement 
7 0 40 2 31 14 15 20 

Statement 
8 3 77 10 17 6 4 5 

Statement 
9 1 32 1 15 32 14 27 

Statement 
10 0 56 2 11 7 9 37 

Statement 
11 2 54 4 6 18 4 31 

Raw 
Total 12 431 56 255 233 142 207 

Percent 
of Total 0.9% 32.3% 4.2% 19.1% 17.4% 10.6% 15.5% 

 

Student interview data also presented a few analysis dilemmas.  Particularly 

difficult was trying to dig into students’ ideas about why the research experience affected 

them the way it did.  However, one clear theme that emerged in several students’ 

responses was that they felt more confident doing science research because of the high 

degree of autonomy they were provided.  For example, one student said “I thought it 
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helped that we had to do this lab on our own. We had to figure everything out all by 

ourselves. This made me more confident about doing things science related.”     

It was also clear that one of the reasons that students might have found science 

more relevant after the research experiences was that they didn’t previously realize the 

scope of what scientists research.  For example, one student that was interviewed after the 

heat unit treatment described how he was blown when he learned that there are scientists 

who study ice cream.  Immediately after he said this, the rest of the group being 

interviewed seconded his remark.  A similar remark was made after the plant research 

treatment: “Well, it makes you think that many things in our every day life are because of 

science that you do not realize benefits you.” 

Fortunately, the member checking data from the concluding interviews was much 

easier to interpret.  After I was confident that students had a practical understanding of 

what each of the scales represented and that they were correctly interpreting the visual 

representation of how students’ scale values changed between before and after the 

research experience, most students (12/16) identified themselves as experiencing 

commensurate modest growth.  This response frequently came across in the form of 

“Yeah, I guess that seems right,” although some of them were much more confident that 

the research experience gave them a slightly more positive outlook on science.  Of the 

other five students, two students said they liked the research project “a lot” and thought 

they got more from it than the data demonstrated.  This included one student who shared 

that she was going to carry over her research from the plant unit treatment into her 

family’s garden.  Two of the students said they either just didn’t have much interest in 
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science or that they couldn’t possibly see themselves as scientists and therefore didn’t 

gain anything from it.  Finally, one student said that they didn’t change because they 

specifically didn’t like astronomy and therefore didn’t enjoy the research project. 

How Closely the Treatments Adhered to Recommendations  

While most of the data I collected on the teacher observation instrument ended up 

relating to where I should focus my informational instruction during the next class period 

or what additional resources the students needed, I was able to quickly jot down student 

quotes that seemed representative of a theme I had been regularly observing.  However, 

providing localized scaffolding demanded most of my attention, and this was prioritized.  

Fortunately, the students’ teacher and another teacher-in-training were also able to 

observe the students using the teacher observation instrument and they were able to fill in 

some of the gaps and help provide an objective assessment of how closely each treatment 

was following the recommendations outlined in the literature.  Also, the formative 

assessments provided a glimpse into students’ perspectives of whether the 

recommendations were being realized. 

No formal attempt to determine the validity or reliability of this data was made, 

though it is my general impression that validity and reliability would be low due to two 

main factors.  First, the demands related to actively teaching meant that there was a 

limited number of students that could be observed, and those students that were most 

observed were the ones who needed the most help – a biased sample.  Second, no attempt 

was made to calibrate the different observers.  This undoubtedly hurt inter-rater 

reliability.   
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One of the first themes that emerged from this data was the variability in students’ 

responses to the treatment.  Observations such as “Some students VERY serious about 

their research, other students VERY not serious” and “Some students on task and 

organized, others struggling” were fairly common. 

While most of the results in this arena came with major limitations, some clear 

trends did emerge.  First, none of the treatments were successful in getting the majority of 

students to adopt the research terms that were provided in the informational instruction.  

Early on it became clear that more emphasis had to be put on students simply 

understanding the general research concepts, and so less emphasis was placed on the 

research terms.  This may have decreased the potential for growth in science identity.  

A second clear trend is the high degree of social learning that happened in all 

treatments.  Though students debating the merits of different ideas wasn’t routinely 

observed, almost every research team worked well together and nearly all students 

contributed to their team’s research in some meaningful way.  Since this was one of the 

more difficult aspects to observe, a formative assessment was used to learn the students’ 

perspectives on this.  Specifically, one of the exit tickets asked students to write about 

how well their team was working together and to provide examples.  While many of the 

responses weren’t very helpful (i.e. – “We all agree on everything”), many students wrote 

about compromise and building off each other’s brainstorms like a “chain of ideas.”  

Looking at the quantitative teacher observation Likert data as a whole, it is clear 

that the astronomy unit treatment was the one that most closely adhered to the 

recommendations, followed by the plant unit and the insect unit, which were very similar.  
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The heat unit was clearly the outlier in this regard, mostly because of the limited duration 

of this treatment.   

Effect of Transition to Online Setting 

 Because the transition to distance learning was unforeseen, the only source of 

student-constructed data regarding how the move to the online setting affected the 

students and their research projects came from the concluding interviews.  The most 

commonly shared thoughts were the difficulties of not being able to get in-person support 

or help.  Multiple students described how it was hard to type out their questions because 

they sometimes didn’t know what question to ask.  The seventh-grade students also 

frequently mentioned that the move to the online setting meant that their ability to grow 

their plants to maturity and collect additional data was curtailed.  Most students decided 

that they had enough data to at least make some evidence-based conclusions, though this 

was a major problem for a few students.  Those students were able to make an 

appointment to come into the classroom and collect more data.   Finally, multiple 

students mentioned that the online and phone communications with their research 

partners were difficult, so they decided to split up and finish their work individually. 

 Most students were pessimistic regarding whether the authentic science research 

project could have been done entirely online.  Nine of the 16 students thought that the 

videos I posted online helped them figure out what they needed to do to finish up the 

project, while the other seven said they were already almost done or already knew what 

they needed to do.  Only two of the students said they would have been able to do their 

research project at home if their only instruction was through recorded videos or other 
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information posted online.  All of the students initially cited logistical problems, like not 

having the supplies at home, as the reason they didn’t think this was possible.  As a 

follow-up to this response, I asked if they could have done their research project at home 

if supplies were delivered to their houses, and this is where two of the students said they 

could have done it all remotely.  The other students were mostly concerned that they 

would get stuck and that they would’ve needed in-person help. 

 Analysis of student grade data showed that on average, students performed only 

slightly worse in the online setting (85.00% vs. 82.77%, n=120).  Digging into this data, 

it was found that this decrease was far from uniform.  In fact, there were more students 

whose  grades moved upward when school went online than students whose grades 

moved downward (66 vs. 54).  This discrepancy can be explained by comparing the 

average amount of change for those students whose grades increased to the average 

amount of change for those students whose grades decreased – the average increase was 

6.71%, while the average decrease was 14.70%.  Thus, the students that decreased in 

score tended to change in a more substantial way. 

 Looking at which students went up and which students went down, it seems as 

though the students whose grades decreased are the ones that started out with lower 

scores, while the ones that went up were mostly the ones that started out with higher 

scores.  When I asked the students’ teacher if he was also observing this trend, he replied, 

“Yes, I definitely see the gap growing” (W. Woolbaugh, Personal Communication, Apr. 

2, 2020). 
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CLAIMS, EVIDENCE, AND REASONING 

Validity and Reliability 

 Being the primary data source to answer the first research sub-question, the 

student survey instrument has been the focus of the majority of the validity and reliability 

evaluation efforts.  After three of the statements on the student survey were modified 

after the initial round of construct validity analysis, the instrument has overall held up to 

scrutiny.   

 The initial construct validity analysis involved evaluating 46 students’ written 

explanations for the level of agreement they selected for each statement through a 

deductive coding strategy.  To clarify the questions that remained about how students 

were interpreting the Likert items and to assess the validity of the three statements that I 

modified, I interviewed twelve randomly selected students.  Finally, I continued to read 

each of the over 3,000 individual written responses students constructed for why they 

selected the quantitative level of agreement.  While a small percentage (<20%) of 

students continued to write about externally motivating factors, most often grades or 

future job requirements, this usually only came up for one or two of the eleven 

statements.  The reality is middle school students aren’t always going to critically 

examine statement wording. 

 The internal consistency measurements of the Likert scales that were assembled 

for this study suggest that each of the scales are reliable in this way.  However, the 

tradeoffs involved in designing them so that they can be completed in less than 10 

minutes mean that scales have a high degree of correlation between them.  While this 
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theoretically aligns with the idea that the underlying affective constructs are each 

determined by many of the same factors, it also means the scales don’t have strong 

discriminant validity.  

Reliability of student-constructed supporting data, whether in the form of written 

explanations or interview responses seemed to be quite low, though it was not formally 

assessed.  While many students provided very insightful information, it was clear that 

self-reflecting on how designing and conducting their own science research affected them 

was difficult for many of the students.  Despite these limitations with student-constructed 

supporting data, the thematic analysis and coding approaches used provided some 

excellent supporting information. 

Does Authentic Science Research Promote Growth in the Affective Domain? 

 Regarding my first research sub-question, how authentic science research in the 

classroom might influence the five science-related affective characteristics, I found that it 

consistently produced at least a modest level of positive growth.  While the astronomy 

treatment was the only single treatment that provided statistically significant growth 

(Science Identity, Interest and Enjoyment of Science, and Intrinsic Motivation) and 

moderate effect sizes (Science Identity and Intrinsic Motivation) on its own, each of the 

treatments did push students’ affective outlook toward science in the positive direction.  

When data from all four treatments were pooled, the increase in statistical power 

demonstrated that overall statistically significant growth occurred.   However, the pooled 

data show only a small effect size. 
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 The small to medium effect sizes observed in this study are in line with 

expectations.  The various theoretical concepts of growth in the affective domain all 

suggest that affective growth typically occurs slowly over multiple exposures and 

multiple stages (Klopfer, 1973; Krathwohl et al., 1964; Ormrod, Anderman, & 

Anderman, 2016; Zimmerman, 2000).  Additionally, the high numbers of students who fit 

within the “No change because I already highly value science” theme undoubtedly 

limited the amount of change possible (review Table 8). 

 Since the relationship between the change in students’ Likert scale values and 

students’ grades was quite weak, this approach appears to work nearly equally well for all 

segments of the student population.   

 Adherence to the recommendations outlined in the literature did seem to be quite 

important.  The treatment that most adhered to the recommendations (astronomy) had 

significantly higher levels of growth than the one that adhered the least (heat).  Of the 

recommendations that weren’t universally adapted (i.e. maximizing student 

involvement), the emphasis on the nature of science seemed to be the most important.  

The main difference between the astronomy, plant, and insect units was a heavier 

emphasis on the nature of science in the astronomy unit.  These three treatments were 

otherwise quite similar in the adoption of the other recommendations.  However, the 

strength of the astronomy treatment could have also been due to the “cool” factor of 

using robotic telescopes, since this was mentioned a few times in students’ concluding 

explanations.  Alternately, the students may have been more impacted by the astronomy 
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treatment due to the observational research approach, which isn’t usually as well covered 

or understood (Chinn & Malhotra, 2002). 

 There are a few downsides to authentic science research in the classroom.  First, 

making classroom research as authentic as possible is often at odds with maximizing the 

enjoyability and autonomy of student research.  At the beginning of each treatment, 

particularly during the insect and plant units, students were very excited to employ their 

creative ideas to see what would happen.  However, as I emphasized that scientists first 

formulate thoroughly planned and detailed procedures, the students’ patience was tested 

and many of them lost their initial enthusiasm for the project.  Less structured, open-

inquiry learning would not have this limitation. 

 This segues to a second limitation - the principle of maximizing autonomy for 

students during the authentic science research treatment meant that there was limited 

oversight.  While this did provide for the possibility of students feeling the spark for 

learning on their own volition, and increased the potential boost to their self-efficacy if 

they were able accomplish the research on their own, it also provided an opportunity for 

students to fall behind if they weren’t efficient at self-regulating.   

 Third, the authentic science research treatment was shown to be of limited value 

unless it was more than two weeks long in duration and included a heavy emphasis on the 

nature of science.  With the crowded modern curricula, teaching time is precious and it 

may be difficult for teachers to commit to the large time investment.  However, 

considering that students’ research projects can run parallel to their regular curriculum 

and that this approach also provides students practice with science practices, scientific 
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thinking, and provides students with a more realistic understanding of what scientists do, 

this approach should be strongly considered by science teachers hoping to improve their 

students’ science-related affective outcomes. 

Is Authentic Science Research Feasible in an Online Education Setting? 

 Because of the limited amount of data I was able to gather for this second 

research sub-question, decisive conclusions were not able to be reached.  Students were 

skeptical about conducting authentic science research remotely.  However, since it is my 

experience that students often default to doubting their ability to take on new tasks, I’m 

not convinced that this would not be achievable. 

 Regarding how the online schooling affected students in a general way, I found 

that students who typically do well in school continued to do well (and in many cases 

improved), while students who typically struggle fell even further behind.  I attribute this 

widening of the educational gap to the limited ability of teachers to promote equity in an 

online education setting. 

Value of Study and Future Research Ideas 

 This research has taught me that facilitating students through their own scientific 

research in the classroom in a manner as consistent as possible with how scientists 

conduct research is an effective way to improve students’ science-related affective 

outcomes.  I will undoubtedly use this and similar inquiry-style teaching techniques in the 

future.   
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 For my next action research project, I would like to test what the effects might be 

if I introduced more oversight into students’ research projects with the intent of limiting 

the number of students who fall behind.  One of the most significant shortcomings of the 

authentic science research treatments was the high number of students who didn’t finish 

their projects.  Though this was at least partially due to the COVID-19 disruption and the 

related transition to the online learning setting, it was apparent prior to that happening 

that some students weren’t self-governing and were falling behind.  Particularly with 

middle school students, I suspect that the benefits of having multiple smaller assessments 

due along the way would outweigh the negatives associated with a reduction of 

autonomy.  This approach would require students to demonstrate their progress and 

ensure that all students receive substantive feedback at multiple points along the way. 

 Also, I was excited to have the astronomy students present their research to the 

younger students and was disappointed that this didn’t occur due to the necessary 

transition to online school.  Either as a sub-question within the previously described 

research idea or as a separate study altogether, I would like to learn the degree to which 

presenting their original research influences students’ science-related affective 

characteristics, particularly their science identity and science self-efficacy. 

 Finally, if online schooling continues well into the future, I will try to facilitate 

students through their own research remotely.  The importance of students getting 

experience with inquiry-style learning is such that it must at least be attempted, even if 

the research is less authentic and more structured. 
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APPENDIX A 

STUDENT SURVEY INSTRUMENT 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

Participation in this research is voluntary and participation or non-participation will not affect 
a student's grades or class standing in any way 

 
 

  

RATING: 1 = Strongly Disagree | 2 = Disagree | 3 = Neutral | 4 = Agree | 5 = Strongly Agree 
 Rating 

 

(1-5)  

Why did you choose the number you did? 
 Don't worry about spelling or  
writing in complete sentences 

I enjoy learning science. 
  

It is important that I learn about 
science, even if I don't pursue it as a 
career. 

  

I benefit from science in my everyday 
life. 

  

I want to attend college to study 
science. 

  

I work hard to understand science 
topics, even when my effort doesn’t 
affect my grade. 

  

I'm good at science. 
  

I want to learn more about a specific 
topic in science, even if doesn’t affect 
the grades I get in school. 

  

I want to be a professional scientist 
when I grow up. 

  

I can design and complete a science lab 
to answer science-related questions I 
have. 

  

I learn about science outside of school. 
  

I think of myself as a scientist. 
 

 

Additional Comments: 



10 
 

 

 

 

 

 

 

 

 

 

APPENDIX B 

STUDENT SURVEY INSTRUMENT LIKERT SCALE ALIGNMENT 
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Statement Science 
Identity 

Science Self-
Efficacy 

Interest / 
Enjoyment 

Relevance 
of Science 

Intrinsic 
Motivation 

I enjoy learning science.     X   X 

It is important that I learn 
about science, even if I 
don’t pursue it as a career. 

      X X 

I benefit from science in 
my everyday life.       X X 

I want to attend college to 
study science. X X X X X 

I work hard to understand 
science topics, even when 
my effort doesn’t affect 
my grade 

       X 

I'm good at science. X X     X 

I want to learn more 
about a specific topic in 
science, even if it doesn’t 
affect the grades I get in 
school. 

        X 

I want to be a professional 
scientist when I grow up. X  X  X  X  X 

I can design and complete 
a science lab to answer 
science-related questions I 
have. 

X X     X 

I learn about science 
outside of school.     X   X 

I think of myself as a 
scientist X       X 
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APPENDIX C 

TEACHER OBSERVATION INSTRUMENT 
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UNIT:  
Rating 
(1-5) Date: 

  
5=Strongly 
Agree Reviewer: 

Statement 
1=Strongly 
Disagree Explanation (Quotes if possible) 

Students are taking 
the research project 
seriously.     

Students are being 
challenged. 

    

Students are sharing 
their ideas. 

    

The nature of 
science was 
emphasized today.     

Students are 
debating 
alternatives.      

Students are using 
research terms. 

    
Students are using 
their resources       
(class notes, online 
resources, etc.).     

Overall, this class 
period was… 

    

A strong point of 
today was… 

    

Things that could 
have been better... 
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APPENDIX D 

RESEARCH PLANNING HANDOUT 
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APPENDIX E 

NATURE OF ASTRONOMICAL RESEARCH WORKSHEET 
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APPENDIX F 

DAY IN THE LIFE OF AN ASTRONOMER HANDOUT 
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APPENDIX G 

OBSERVING WITH NASA OPEN QUIZ 
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APPENDIX H 

INSTITUTIONAL REVIEW BOARD EXEMPTION 
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APPENDIX I 

COMBINED DATA SCALE RELIABILITY 
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Science Identity Scale 
Alpha reliability =  0.7747  
 
Reliability deleting each item in turn: 
                       Alpha Std.Alpha r(item, total) 
CollegeScience        0.6957    0.6929         0.6483 
GoodAtScience         0.7614    0.7503         0.4569 
ProfessionalScientist 0.6994    0.6994         0.6409 
CanDesignLabs         0.7935    0.7876         0.3399 
IAmScientist          0.6930    0.6858         0.6578 
 
 
Science Self-Efficacy Scale 
 
Alpha reliability =  0.693  
Standardized alpha =  0.6858  
 
Reliability deleting each item in turn: 
                       Alpha Std.Alpha r(item, total) 
CollegeScience        0.5368    0.5468         0.6041 
GoodAtScience         0.6531    0.6337         0.4367 
ProfessionalScientist 0.5626    0.5769         0.5727 
CanDesignLabs         0.7185    0.7082         0.3117 
 
 
Interest and Enjoyment Of Science Scale 
 
Alpha reliability =  0.7766  
Standardized alpha =  0.7783  
 
Reliability deleting each item in turn: 
                       Alpha Std.Alpha r(item, total) 
EnjoyScience          0.7715    0.7726         0.4866 
CollegeScience        0.6605    0.6734         0.6891 
ProfessionalScientist 0.6693    0.6792         0.6774 
LearnOutside          0.7661    0.7631         0.5052 
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Relevance of Science Scale 
 
Alpha reliability =  0.7596  
Standardized alpha =  0.7553  
 
Reliability deleting each item in turn: 
                       Alpha Std.Alpha r(item, total) 
ScienceIsImportant    0.7680    0.7636         0.4235 
BenefitDaily          0.7222    0.7079         0.5210 
CollegeScience        0.6108    0.6202         0.7073 
ProfessionalScientist 0.6742    0.6887         0.6085 
 
 
Intrinsic Motivation for Science Learning Scale 
 
Alpha reliability =  0.8598  
Standardized alpha =  0.8581  
 
Reliability deleting each item in turn: 
                       Alpha Std.Alpha r(item, total) 
EnjoyScience          0.8473    0.8439         0.5773 
ScienceIsImportant    0.8531    0.8512         0.4809 
BenefitDaily          0.8484    0.8469         0.5440 
CollegeScience        0.8345    0.8347         0.7081 
WorkHard              0.8541    0.8523         0.4615 
GoodAtScience         0.8549    0.8524         0.4508 
WantToLearn           0.8434    0.8414         0.6091 
ProfessionalScientist 0.8414    0.8413         0.6322 
CanDesignLabs         0.8613    0.8597         0.3533 
LearnOutside          0.8463    0.8441         0.5774 
IAmScientist          0.8381    0.8373         0.6713 
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APPENDIX J 

INSECT UNIT COMPARATIVE RESULTS 
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------------------------------------------------------------------- 
IDENTITY  
 Wilcoxon signed rank test 
 
data:  IdentityScaleByStudent_Before and IdentityScaleByStudent_After 
V = 134, p-value = 0.8073 
alternative hypothesis: true location shift is not equal to 0 
------------------------------------------------------------------- 
EFFICACY 
 Wilcoxon signed rank test 
 
data:  EfficacyScaleByStudent_Before and EfficacyScaleByStudent_After 
V = 145, p-value = 0.3014 
alternative hypothesis: true location shift is not equal to 0 
------------------------------------------------------------------- 
INTEREST 
 Wilcoxon signed rank test 
 
data:  InterestScaleByStudent_Before and InterestScaleByStudent_After 
V = 84, p-value = 0.2654 
alternative hypothesis: true location shift is not equal to 0 
------------------------------------------------------------------- 
PERCEIVED RELEVANCE 
 Wilcoxon signed rank test 
 
data:  RelevanceScaleByStudent_Before and RelevanceScaleByStudent_After 
V = 102, p-value = 0.776 
alternative hypothesis: true location shift is not equal to 0 
------------------------------------------------------------------- 
INTRINSIC MOTIVATION 
 Wilcoxon signed rank test 
 
data:  MotivationScaleByStudent_Before and MotivationScaleByStudent_After 
V = 162.5, p-value = 0.4557 
alternative hypothesis: true location shift is not equal to 0 
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----------------------------------------------------------------------------------- 
Wilcoxon Effect Size (r statistic) 
(0.1-0.3 = small effect, 0.3-0.5 = moderate effect, >0.5 = large effect) 
----------------------------------------------------------------------------------- 
IDENTITY 
group1 group2 effsize    n1    n2 magnitude 
After   Before  0.0405    25    25   small    
---------------------------------------------------  
EFFICACY 
group1 group2 effsize    n1    n2 magnitude 
After   Before   0.258     25    25   small    
---------------------------------------------------   
INTEREST 
group1 group2 effsize    n1    n2 magnitude 
After   Before   0.204     25    25    small     
---------------------------------------------------  
PERCEIVED RELEVANCE 
group1 group2 effsize    n1    n2 magnitude 
After  Before   0.0545    25    25    small     
---------------------------------------------------  
INTRINSIC MOTIVATION 
group1 group2 effsize    n1    n2 magnitude 
After    Before  0.148    25    25     small     
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APPENDIX K 

HEAT UNIT COMPARATIVE RESULTS 
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--------------------------------------------------------------------- 
IDENTITY 
 Wilcoxon signed rank test 
 
data:  IdentityScaleByStudent_Before and IdentityScaleByStudent_After 
V = 68.5, p-value = 0.7033 
alternative hypothesis: true location shift is not equal to 0 
-------------------------------------------------------------------- 
EFFICACY 
 
 Wilcoxon signed rank test 
 
data:  EfficacyScaleByStudent_Before and EfficacyScaleByStudent_After 
V = 61, p-value = 0.7148 
alternative hypothesis: true location shift is not equal to 0 
-------------------------------------------------------------------- 
INTEREST 
 
 Wilcoxon signed rank test 
 
data:  InterestScaleByStudent_Before and InterestScaleByStudent_After 
V = 44, p-value = 0.916 
alternative hypothesis: true location shift is not equal to 0 
-------------------------------------------------------------------- 
PERCEIVED RELEVANCE 
 
 Wilcoxon signed rank test 
 
data:  RelevanceScaleByStudent_Before and RelevanceScaleByStudent_After 
V = 41, p-value = 0.4661 
alternative hypothesis: true location shift is not equal to 0 
-------------------------------------------------------------------- 
INTRINSIC MOTIVATION 
 
 Wilcoxon signed rank test 
 
data:  MotivationScaleByStudent_Before and MotivationScaleByStudent_After 
V = 89.5, p-value = 0.8616 
alternative hypothesis: true location shift is not equal to 0 
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----------------------------------------------------------------------------------- 
Wilcoxon Effect Size (r statistic) 
(0.1-0.3 = small effect, 0.3-0.5 = moderate effect, >0.5 = large effect) 
----------------------------------------------------------------------------------- 
 
IDENTITY 
 group1 group2  effsize   n1    n2 magnitude 
 After  Before   0.0764    21    21 small     
------------------------------------------------- 
EFFICACY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.0538    21    21 small     
------------------------------------------------- 
INTEREST 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.0196    21    21 small     
------------------------------------------------- 
PERCEIVED RELEVANCE 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before     0.198    21    21 small     
------------------------------------------------- 
INTRINSIC MOTIVATION 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.0532    21    21 small     
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APPENDIX L 

PLANT UNIT COMPARATIVE RESULTS 
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--------------------------------------------------------------------- 
IDENTITY 
 
Wilcoxon Matched Pairs Signed Rank Test 
data:  IdentityScaleByStudent_Before and IdentityScaleByStudent_After 
V = 517, p-value = 0.1701 
alternative hypothesis: true location shift is not equal to 0 
-------------------------------------------------------------------- 
EFFICACY 
 
Wilcoxon Matched Pairs Signed Rank Test 
data:  EfficacyScaleByStudent_Before and EfficacyScaleByStudent_After 
V = 445.5, p-value = 0.2027 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
INTEREST 
 
Wilcoxon Matched Pairs Signed Rank Test 
data:  InterestScaleByStudent_Before and InterestScaleByStudent_After 
V = 549.5, p-value = 0.9205 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
RELEVANCE 
 
Wilcoxon Matched Pairs Signed Rank Test 
data:  RelevanceScaleByStudent_Before and RelevanceScaleByStudent_After 
V = 462, p-value = 0.1919 
alternative hypothesis: true location shift is not equal to 0 
---------------------------------------------------------------------- 
MOTIVATION 
 
Wilcoxon Matched Pairs Signed Rank Test 
data:  MotivationScaleByStudent_Before and MotivationScaleByStudent_After 
V = 634.5, p-value = 0.6194 
alternative hypothesis: true location shift is not equal to 0 
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----------------------------------------------------------------------------------- 
Wilcoxon Effect Size (r statistic) 
(0.1-0.3 = small effect, 0.3-0.5 = moderate effect, >0.5 = large effect) 
----------------------------------------------------------------------------------- 
IDENTITY 
 group1 group2 effsize    n1    n2 magnitude  
 After  Before   0.174      58    58 small     
------------------------------------------------------ 
EFFICACY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.162      58    58 small     
------------------------------------------------------ 
INTEREST 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.0216    58    58 small     
------------------------------------------------------ 
RELEVANCE 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.170      58    58 small     
------------------------------------------------------ 
MOTIVATION 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.0677    58    58 small     
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APPENDIX M 

ASTRONOMY UNIT COMPARATIVE RESULTS 
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--------------------------------------------------------------------- 
IDENTITY 
 Wilcoxon signed rank test 
 
data:  IdentityScaleByStudent_Before and IdentityScaleByStudent_After 
V = 441.5, p-value = 0.015 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
EFFICACY 
 
 Wilcoxon signed rank test 
 
data:  EfficacyScaleByStudent_Before and EfficacyScaleByStudent_After 
V = 477.5, p-value = 0.1749 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
INTEREST 
 Wilcoxon signed rank test 
 
data:  InterestScaleByStudent_Before and InterestScaleByStudent_After 
V = 398, p-value = 0.01964 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
PERCEIVED RELEVANCE 
 Wilcoxon signed rank test 
 
data:  RelevanceScaleByStudent_Before and RelevanceScaleByStudent_After 
V = 374, p-value = 0.1033 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
INTRINSIC MOTIVATION 
 Wilcoxon signed rank test 
 
data:  MotivationScaleByStudent_Before and MotivationScaleByStudent_After 
V = 420, p-value = 0.0007435 
alternative hypothesis: true location shift is not equal to 0 
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----------------------------------------------------------------------------------- 
Wilcoxon Effect Size (r statistic) 
(0.1-0.3 = small effect, 0.3-0.5 = moderate effect, >0.5 = large effect) 
----------------------------------------------------------------------------------- 
IDENTITY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before     0.321    62    62 moderate  
------------------------------------------------------ 
EFFICACY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.197      62    62 small    
 ------------------------------------------------------ 
INTEREST 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before     0.291    62    62 small   
------------------------------------------------------ 
RELEVANCE 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before     0.214    62    62 small     
------------------------------------------------------ 
MOTIVATION 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.427      62    62 moderate 
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APPENDIX N 

COMBINED COMPARATIVE RESULTS 
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--------------------------------------------------------------------- 
IDENTITY 
 Wilcoxon signed rank test 
 
data:  IdentityScaleByStudent_Before and IdentityScaleByStudent_After 
V = 3991.5, p-value = 0.01951 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
EFFICACY 
 Wilcoxon signed rank test 
 
data:  EfficacyScaleByStudent_Before and EfficacyScaleByStudent_After 
V = 3887.5, p-value = 0.1975 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
INTEREST 
 Wilcoxon signed rank test 
 
data:  InterestScaleByStudent_Before and InterestScaleByStudent_After 
V = 3434, p-value = 0.05292 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
PERCEIVED RELEVANCE 
 Wilcoxon signed rank test 
 
data:  RelevanceScaleByStudent_Before and RelevanceScaleByStudent_After 
V = 3220, p-value = 0.05559 
alternative hypothesis: true location shift is not equal to 0 
--------------------------------------------------------------------- 
INTRINSIC MOTIVATION 
 Wilcoxon signed rank test 
 
data:  MotivationScaleByStudent_Before and MotivationScaleByStudent_After 
V = 4613, p-value = 0.03653 
alternative hypothesis: true location shift is not equal to 0 
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----------------------------------------------------------------------------------- 
Wilcoxon Effect Size (r statistic) 
(0.1-0.3 = small effect, 0.3-0.5 = moderate effect, >0.5 = large effect) 
----------------------------------------------------------------------------------- 
IDENTITY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.184   166   166 small     
------------------------------------------------------ 
EFFICACY 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before  0.0947   166   166 small     
------------------------------------------------------ 
INTEREST 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.136   166   166 small     
------------------------------------------------------ 
RELEVANCE 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.154   166   166 small     
------------------------------------------------------ 
MOTIVATION 
 group1 group2 effsize    n1    n2 magnitude 
 After  Before   0.161   166   166 small     
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