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Abstract 

In recent years there has been an increasing emphasis on the integration of 

multiple disciplines in order to help prepare more students to better address the complex 

challenges they will face in the 21st century. Exposing students to an integrated and 

multidisciplinary approach will help them to better understand the connections between 

subjects instead of as individual and separate subjects. Science, Technology, Engineering 

and Mathematics (STEM) Integration has been suggested as an approach that would 

model a multidisciplinary approach while also offering authentic and meaningful learning 

experiences to students. However, there is limited research on STEM integration in the 

elementary classroom and additional research is needed to better define and explore the 

effects of this integration for both students and science educators. With the recent 

recommendations for teaching both science and engineering in elementary classrooms 

(NRC, 2012), two common models include teaching science through inquiry and teaching 

science through engineering-design pedagogies. This study will explore both of these 

models as it seeks to better understand one piece of the larger issue of STEM and STEM 

integration by examining how the integration of science, engineering, and nonfiction 

literature affects students learning in elementary classrooms. 

This study employed an embedded mixed methods design to measure the effects of this 

integration on student learning in four fifth grade classrooms from the same elementary 

school. The findings revealed that the students who participated in the nonfiction reading 

instruction that was integrated with their science instruction showed a greater increase in 

all measures of student learning in both science and reading when compared to the 
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control students. The findings from the integrated science, engineering and nonfiction 

literature revealed similar findings with the treatment students showing a greater increase 

in the measures of student learning in all three of the content areas. These results suggest 

that integrating nonfiction literature with science or science and engineering instruction 

can be an effective strategy in improving student learning in elementary classrooms. 
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Chapter 1 Introduction 

Rationale 

The future prosperity of the United States is likely to be dependent on improving 

the teaching and learning of Science, Technology, Engineering and Mathematics (STEM) 

subjects at the K-12 level (National Research Council [NRC], 2007). “Science, 

engineering, and technology permeate nearly every facet of modern life, and they also 

hold the key to meeting many of humanity’s most pressing current and future challenges. 

Yet too few U.S. workers have strong backgrounds in these fields, and many people lack 

even fundamental knowledge of them”  (NRC, 2012, p. 1). This claim released by the 

Committee on a Conceptual Framework for New K-12 Science Education Standards 

echoes that of other recent national documents, which call for improvements in K-12 

science and mathematics education in order to remain competitive in the global economy 

of the 21st century and in order to motivate more students to pursue science, technology, 

engineering, and mathematics (STEM) related careers (NRC, 2007; 2009; 2012). 

Furthermore, improvement in mathematics and science teaching is important for 

continuing the innovative capacity that has resulted in the prosperity of the United States 

since WWII (NRC, 2007; 2009). To help meet these claims, and in order to better educate 

and prepare our students for these current and future challenges, it is important to provide 

our students with opportunities to experience real-world problems and scenarios. These 

real-world problems are complex and multidisciplinary in nature, which requires 

knowledge and skills from multiple areas (NRC, 2009; 2012). Therefore, in order to 

prepare our students to live in an increasingly global and technological world, we need to 
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be teaching them in an integrated manner that encourages them to learn and think in a 

transdisciplinary way that allows them to more easily cross traditional content boundaries 

and approach these multidisciplinary problems.  

National	  and	  state-‐level	  support	  for	  teaching	  students	  to	  think	  in	  an	  

integrated	  way	  has	  been	  emphasized	  across	  several	  content	  areas	  and	  is	  evident	  in	  

several	  national	  standards	  documents	  in	  the	  areas	  of	  English	  language	  arts,	  

mathematics,	  and	  science	  and	  engineering.	  One	  example	  of	  this	  emphasis	  on	  

crossing	  traditional	  boundaries	  can	  be	  seen	  in	  the	  title	  of	  the	  recent	  English	  

Language	  Arts	  standards,	  which	  are	  the	  Common	  Core	  State	  Standards	  for	  English	  

Language	  Arts	  and	  Literacy	  in	  History,	  Social	  Studies,	  Science,	  and	  Technical	  Subjects.	  

This	  title	  represents	  an	  intentional	  connection	  of	  literacy	  in	  content	  areas	  like	  

science	  and	  as	  stated	  in	  this	  document	  that	  “reading	  is	  critical	  to	  building	  knowledge	  

in	  history/social	  studies	  as	  well	  as	  in	  science	  and	  technical	  subjects,	  and	  that	  these	  

reading	  standards	  are	  meant	  to	  complement	  the	  specific	  content	  demands	  of	  the	  

disciplines,	  not	  replace	  them”	  (National	  Governors	  Association	  Center	  for	  Best	  

Practices,	  Council	  of	  Chief	  State	  School	  Officers	  [NGA],	  2010a,	  p.	  60).	  Similarly,	  the	  

Common	  Core	  State	  Standards	  for	  Mathematics	  emphasize	  the	  importance	  of	  the	  use	  

language	  to	  construct	  viable	  arguments	  and	  to	  critique	  and	  communicate	  the	  

reasoning	  of	  others	  as	  standards	  for	  mathematical	  practice	  (NGA,	  2010b).	  Further	  

support	  for	  the	  importance	  of	  the	  integration	  of	  multiple	  subjects	  can	  be	  seen	  in	  the	  

recently	  published	  Framework	  for	  K-‐12	  Science	  Education	  (NRC,	  2012),	  which	  

emphasizes	  the	  intentional	  integration	  and	  need	  for	  the	  overlap	  of	  STEM	  disciplines	  
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with	  other	  areas,	  such	  as	  reading	  and	  writing,	  through	  the	  emphasis	  on	  the	  

importance	  of	  being	  able	  to	  read,	  interpret,	  and	  produce	  texts	  as	  fundamental	  

practices	  in	  science	  and	  engineering.	  This	  national	  support	  for	  the	  integration	  of	  

multiple	  disciplines	  provides	  an	  opportunity	  for	  educators	  to	  capitalize	  on	  the	  

interdisciplinary	  nature	  of	  STEM,	  while	  also	  crossing	  traditional	  discipline	  

boundaries	  into	  other	  content	  areas,	  like	  reading,	  to	  help	  our	  students	  develop	  the	  

skills	  necessary	  for	  competing	  in	  a	  global	  economy.	  

It is also important to recognize that national documents are not alone in their 

recommendations for the integration of multiple disciplines (NGA, 2010; NRC, 2012), 

but that support for the integration has also come from the recommendations of numerous 

research studies from various content areas exploring how multiple disciplines can 

support each other (Beane, 1995; Berlin & White, 1992; Cervetti, Pearson, Bravo & 

Barber, 2005; Guthrie et al., 2004; Cunningham, Lachapelle, & Lindgren-Streicher, 2005; 

Morrow, Pressley, & Smith, 1997; Yore, 2004). Findings from mathematics and science 

integration research suggest that integration has the potential to increase motivation and 

achievement (Beane, 1995; Greene, 1991; Hurley, 2001), meaningfulness and relevancy 

(Berlin & White, 1992; Mason, 1996), and help develop overlapping skills (Beane, 1996; 

Berlin & White, 1994; Cohen, 1995). Science and literacy research suggests similar 

benefits when implementing an integrated approach that include increased motivation and 

achievement (Guthrie et al., 2004; Morrow et al., 1997; Palincsar & Magnusson, 2001; 

Romance & Vitale, 2001), supporting of inquiry through building background knowledge 

(Ford, 2004; Pearson, Moje, & Greenleaf, 2010), and teaching literacy skills that are 
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important in both disciplines (Cervetti et al., 2005; Duke, Purcell-Gates, Hall & Tower, 

2006; Magnusson & Palincsar, 2004; Yore, 2004). Integration research from science and 

engineering integration also found that integration leads to increased student learning, 

motivation, and attitudes (Brophy, Klein, Portsmore & Rodgers, 2008; Lachapelle et al., 

2011; Schnittka, 2009; Wendell & Rodgers, 2013). 

When thinking about this increased emphasis on the integration of multiple 

disciplines and helping students to think in ways that allow them to cross -traditional 

disciplinary boundaries, it is important to look at what this might mean in terms of the 

national calls for the improvements in the teaching and learning of STEM (NRC, 2007; 

2009; 2012; 2014). At the elementary level, there are a number of challenges facing 

science instruction, such as diminishing instructional time for science, increasing 

accountability pressures, increasing student diversity, lack of teacher preparation, and 

lack of available resources that have left teachers unable to implement the high-quality 

instruction identified in national science reform documents (Marx & Harris, 2006; 

Sandall, 2003). An additional challenge for STEM education at the elementary level is 

the relatively new addition of engineering (NRC, 2012), and what the integration of 

engineering looks like in classroom practice (Roehrig, Moore, Wang & Park, 2012). The 

Framework for K-12 Science Education (NRC, 2012) recommends that engineering 

should be featured alongside the sciences in order to “recognize the value of better 

integrating the teaching and learning of science, engineering, and technology” (p. 8) and 

that “engagement in the practices of engineering design is as much a part of learning 

science as engagement in the practices of science” (p. 12). The addition of engineering 
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into the NGSS raises concerns for how to integrate engineering into the limited 

instructional time that is currently allotted to science in many elementary classrooms. 

Therefore, the calls for improvements in the teaching and learning of STEM (NRC, 2009; 

2012; 2014) will require a closer look at both the teaching of science inquiry and 

engineering design pedagogies in elementary classrooms where time and resources are 

limited. 

Using	  teaching	  methods	  that	  promote	  an	  integrated	  approach	  would	  offer	  

more	  authentic	  and	  meaningful	  experiences,	  while	  increasing	  instructional	  time	  in	  

different	  content	  areas	  and	  modeling	  the	  multidisciplinary	  approach	  necessary	  for	  

success	  of	  our	  students	  in	  the	  21st	  century	  workplace	  (NRC,	  2009;	  2012).	  

Additionally,	  engineering is inherently interdisciplinary and therefore has the potential to 

help facilitate the integration of STEM learning (Moore et al., 2014). Furthermore, the	  

structure	  of	  elementary	  classrooms	  with	  a	  single	  teacher	  being	  responsible	  for	  

teaching	  multiple	  disciplines	  throughout	  the	  day	  provides	  a	  structure	  that	  is	  

advantageous	  to	  the	  meaningful	  integration	  of	  multiple	  disciplines.	  Yet,	  an	  

integrated	  approach	  to	  teaching	  would	  require	  a	  change	  in	  how	  elementary	  teachers	  

and	  students	  approach	  the	  various	  disciplines	  with	  an	  emphasis	  on	  providing	  a	  

structure	  that	  highlights	  the	  connections	  between	  disciplines	  instead	  of	  a	  siloed	  

structure	  with	  each	  discipline	  taught	  independently	  (NRC,	  2009).	  However,	  even	  

though	  highly	  recommended	  by	  several	  sources,	  using	  an	  integrated	  approach	  is	  not	  

commonly	  seen	  in	  elementary	  classrooms	  (Gavelek,	  Raphael,	  Biondo,	  &	  Wang,	  

2000)	  
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In addition to meeting the increasing emphasis on teaching students to think in 

multidisciplinary ways, integration can also help to solve the practical problem of limited 

exposure to several subjects, like science. One specific approach to meeting the need for 

increased emphasis on connections between disciplines and adequate instructional time in 

science is to integrate science and literacy instruction in elementary classrooms (Gavelek, 

et al., 2000; Saul, 2004). Research in the area of science and literacy integration has 

found that, in addition to the types of practices in reading that can be used to support 

learning in science, such as building background knowledge or practicing important 

literacy skills that scientists use (Cervetti et al., 2005; Yore, 2004), there is an overlap of 

thinking and reasoning skills that are important for success in literacy and STEM 

(Magnusson & Palincsar, 2004; Pratt & Pratt, 2004). Furthermore, reading and writing in 

content areas, like science, are necessary for future success in those content areas and 

integration helps students to make those connections between disciplines (Magnusson & 

Palincsar, 2004). Therefore, when thinking about the call for improved STEM, the 

addition of engineering into elementary classrooms where time is limited, and the 

increasing emphasis on integration, STEM and literacy integration provides a model for 

teaching and learning that has the potential to meet these needs. 

This raises the question of which types and areas of literacy should serve as the 

foundation for the integration with science and engineering? Literacy is an umbrella term 

that has many dimensions and can be used to encompass language, reading, and/or 

writing. While each of these aspects of literacy have important connections to science and 

science learning (Yore, Bisanz, & Hand, 2003), the reading of informational texts plays 
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an important role in science (Pappas, 2006), and yet, students receive little instruction and 

experience reading informational texts in elementary classrooms (Duke, 2000). 

Additionally, with the increased emphasis being placed on the reading of informational 

texts in elementary classrooms (NGA, 2010a), there is a need for a greater focus on 

reading informational texts in elementary classrooms. Furthermore, research has found 

that textbooks remain the primary form of science reading and instruction in elementary 

classrooms despite criticisms for frequently being outdated and difficult to read, 

containing misconceptions or oversimplifications, and not engaging for students 

(Atkinson, Matusevich, & Huber, 2009; Bryce, 2011; Pappas, 2006). Children’s 

literature, on the other hand, provides up-to-date content with a deeper focus that is more 

relevant to students’ lives, and it tends to be more engaging with more overall appeal due 

to excellent visual features and high-quality writing (Rice, 2002; Ford, 2004). With the 

increased emphasis on the integration of STEM content areas and the restrictions put on 

instructional time, learning of STEM content through reading of informational texts is 

one possible solution to these challenges facing elementary teachers. Furthermore, 

integrating reading with informational texts with other STEM learning experiences has 

the potential to lead to deeper and more meaningful learning in these disciplines.  

Statement of Problem 

With the increased emphasis on improved instruction in STEM disciplines and the 

integration of STEM and other areas in K-12 classrooms, it is important to examine what 

implications that might have for teachers and students in elementary classrooms. The 

recently published Frameworks for K-12 Science Education (NRC, 2012), which forms 
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the basis for the Next Generation Science Standards (NGSS; NGSS Lead States, 2013), 

calls for the integration of science and engineering at the elementary level. However, 

given that engineering integration at the elementary level is still very new, there is little 

research in the area of engineering and what models of effective instruction in 

engineering exist at the elementary level (NRC, 2009). Additionally, there are a number 

of well-documented barriers to science instruction at the elementary level (Griffith & 

Scharmann, 2008; Lee & Houseal, 2003; Marx & Harris, 2006; Sandall, 2003). As a 

result, there is limited science instruction seen in a majority of elementary classrooms. 

With the intentional integration of engineering into science, as suggested by the 

Framework for K-12 Science Education (NRC, 2012) and Next Generation Science 

Standards (NGSS Lead States, 2013), it is likely that this problem of limited instruction 

will continue or be confounded with the addition of engineering. However, integration 

has been suggested as way to improve STEM teaching and learning and prepare our 

students to approach the multidisciplinary problems that society will be facing (NRC, 

2009; 2012), while also solving the practical problem of limited exposure due to a 

curricular focus on reading and mathematics because of accountability testing. 

Consequently, researchers need to be exploring various instructional models of teaching 

and learning, like integration, that provide insight into enhancing student learning while 

also maximizing the limited instructional time that is allocated to science or science and 

engineering instruction in elementary classrooms. 

One suggested instructional model is the integration of science and reading 

instruction. While there are a number of research studies showing the benefits to student 
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learning in both science and reading when using an integrated approach in elementary 

classrooms (Morrow et al., 1997; Magnusson & Palinscar, 2004). With the integration of 

engineering into the NGSS (NGSS Lead States, 2013) and the emphasis on improving 

STEM education (NRC, 2009; 2012) there is a need to explore how this integration will 

work when combining science, engineering, and reading. Additionally, the integration of 

science, engineering, and reading, if used effectively, has the potential to build essential 

skills and knowledge that are called for in national documents, such as flexibility in 

thinking and the ability to respond quickly to emerging challenges and complex problems 

(NRC, 2009). Building on previous integration research, this study explores the potential 

for using this type of science, engineering, and reading integration in elementary 

classrooms.  

Goals and Objectives 

The goal of this study is to learn more about the larger issue of STEM integration 

and improving STEM teaching and learning in elementary classrooms by examining how 

the integration of science, engineering, and the reading of nonfiction children’s literature 

impacts student learning in each of these disciplines. With the recent recommendations 

for teaching science and engineering (NRC, 2012), two common models of teaching 

science in elementary classrooms are teaching science through inquiry and teaching 

science through engineering-design pedagogies. Therefore, this study will explore how 

nonfiction children’s literature can be used to facilitate an integrated approach to teaching 

science or integrated science and engineering in elementary classrooms while enhancing 

student learning in science, engineering, and reading. 
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 The following questions guided my research: 

• How	  does	  the	  integration	  of	  nonfiction	  literature	  with	  science	  affect	  student	  

learning	  in	  science	  and	  reading?	  

• How	  does	  the	  integration	  of	  nonfiction	  literature	  with	  science	  and	  

engineering	  affect	  student	  learning	  in	  science,	  engineering,	  and	  reading?	  

Potential Significance 

Even though national documents have highlighted the importance of the 

integration of STEM disciplines to help solve the ever changing and increasingly 

complex problems of today (NRC, 2005; 2009; 2012). There are various 

conceptualizations and limited research about what is meant by STEM integration. The 

use of the acronym might lead to the conclusion that these four disciplines are a well-

connected system; that is not often the case in K-12 classrooms, even though national 

documents have provided evidence that they are naturally interconnected (NRC, 2009; 

2012). Therefore, as states and school districts are adopting this notion of STEM and 

STEM integration, it is important to look at how STEM integration can be used to 

support learning across multiple disciplines. This research will help to explore models of 

integrating science and engineering with nonfiction literature in upper elementary 

classrooms as recent recommendations by national documents, including the Next 

Generation Science Standards (NGSS) and Common Core ELA emphasize the 

integration of multiple disciplines (NRC, 2012). Additionally, there has been limited 

research surrounding the addition of engineering into elementary classrooms, and this 
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research study will help to explore the effects of integrating science and engineering with 

nonfiction literature in elementary classrooms.  

Furthermore, with the increasing demands on elementary teachers and the limited 

amount of time devoted to science instruction, it is important to explore the effects of 

other instructional models that would maximize student learning in elementary 

classrooms. With the intentional focus on reading in content areas like science or 

engineering, and the increased attention being placed on the reading of informational text 

in the Common Core ELA standards (NGA, 2010a), the integration of science and 

engineering with nonfiction reading would be a possible solution to maximize time. 

However, models of integrated science and nonfiction and science, engineering, and 

nonfiction are rarely seen in elementary classrooms (Gavelek et al., 2000). The findings 

from this research study have the potential to help to explore the impact that this type of 

integrated science, engineering, and nonfiction literature could have on student learning. 

The findings of this study also have the potential to meaningfully address the challenges 

discussed above because, if the integration between reading and content areas that is 

being suggested in the Common Core ELA is implemented in a manner that addresses 

science, engineering, and reading skills, then it will enhance student learning while 

maximizing instructional time in elementary classrooms.  

Overview of the Following Chapters 

 Chapter 2 provides an overview of the relevant literature with a specific focus on 

student learning and the barriers to student learning in each of the three disciplines 

examined in this study, as well as previous integration research in the following areas: 
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science and reading, science and engineering, engineering and reading and mathematics 

and science. Chapter 3 details the research design for this mixed methods study. Chapter 

4 includes the analysis and findings from the quantitative and qualitative data sources 

employed in this study. Finally, Chapter 5 presents the conclusions, implications, and 

suggestions for future research that have developed as a result of this study. 
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Chapter 2 Review of the Literature 

 This study is concerned with how the integration of nonfiction children’s 

literature into science and engineering instruction affects student learning in elementary 

classrooms. More specifically, how this model of integration affects student learning in 

each of the disciplines, science, engineering, and reading that are being integrated. Since 

this study is examining student learning in three different disciplines, it is important to 

understand the trends in research on student learning that have occurred in each of these 

disciplines, as well as some of the barriers impeding on student learning in each of these 

disciplines. Additionally, this study is focused on examining the integration of science, 

engineering, and the reading and therefore it is important to understand the research on 

the integration of these disciplines.  

 This chapter will review the literature that informed the purposes, research 

questions, and the framing of this study. The first section of this chapter presents the 

theoretical framework that was used to inform the research questions, design, and 

analysis of this study. The second section explores student learning as it relates to each of 

the three disciplines, science, engineering, and reading, that are explored in this study, 

and the challenges facing student learning in each of those disciplines. The remaining 

section includes a summary of previous integration research including science and 

literacy, science and engineering, engineering and literacy, and lastly, mathematics and 

science integration.  

Theoretical Framework: Pragmatism 

 Before explaining the background literature or research design of the study, it is 
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important to present the philosophical assumptions or research paradigm that guided the 

intent, motivation, and expectations of this study (Guba, 1990). This is especially 

important in mixed methods studies as the philosophical underpinnings of mixed methods 

studies have been and continue to be widely debated in mixed methods research 

(Tashakorri & Teddlie, 2003). These philosophical debates revolve around the question 

of combining quantitative and qualitative methods, which can be founded in opposing 

paradigms, such as positivistic and interpretive, and therefore have differing views on the 

nature and kinds of knowledge that can be produced (Creswell, 2010). Within mixed 

methods research, there has been extensive discussion and some disagreement over the 

types of philosophical assumptions that best fit with mixed methods research (Tashakkori 

& Teddlie, 2003; Greene, 2008) and whether or not it is possible or preferred to use a 

single, multiple, or dialectic approach to research paradigms within in a single mixed 

methods study (Creswell & Plano Clark, 2010). This section will address the 

philosophical assumptions that have guided and informed the framing of this study. 

 While many researchers have encouraged the use of multiple paradigms to frame 

mixed methods research, as suggested by Tashakkori & Teddlie (2003), the pragmatist 

paradigm as a single research paradigm provides a convincing argument which “relies on 

the utility of research means for research ends” (Biesta, 2010). Based on suggestions 

from experts in the field of mixed methods research (Tashakkori & Teddlie, 2009; 

Creswell & Plano Clark, 2010) adopting the pragmatist worldview as a single paradigm 

best informs mixed methods research because the framing of the research is on the 

research question and the practical applications of the research. In this case, pragmatism 
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is a set of ideas that allows for diverse approaches in both qualitative and quantitative 

research and values both objective and subjective knowledge with a primary focus on the 

outcome of research (Creswell & Plano Clark, 2010). This single worldview allows a 

researcher to adopt a pluralistic stance in terms of the types of knowledge and data that is 

emphasized and gathered in order to best answer the research questions and therefore 

abandons the idea of a forced-choice dichotomy between postpositivistic and interpretive 

paradigms (Creswell & Plano Clark, 2010). Additionally, a pragmatist worldview allows 

for the researcher to “choose the combination or mixture of methods and procedures that 

works best for answering your research question” (Johnson & Onwuegbuzie, 2004, p. 17) 

instead of starting from particular and potentially limiting or competing philosophical 

assumptions. While this type of approach is beneficial when looking at how qualitative 

and quantitative data collection and methods can be used to allow for stronger inferences 

(Creswell & Plano-Clark, 2010), the choice of pragmatism also fits nicely with the 

educational research as it focused on the production of knowledge and knowledge as a 

human endeavor (Biesta, 2010). This is particularly beneficial to the foundations of this 

study, as the assumptions about knowledge in pragmatism consists of action and 

reflection and the idea that humans are a product of the environment and therefore 

knowledge is constructed as a result of these relationships and not in isolation (Biesta, 

2010). This is an important foundation for this study because that implies that knowledge 

construction and student learning that takes place during the integration of science, 

engineering and reading are founded in these relationships or series of actions and 

reactions that largely occur in the classroom. 
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Student Learning in Elementary Classrooms  

As previously mentioned, a focus of this study examines the impact of integration 

on student learning in three disciplines and therefore a brief overview of the history and 

development of how each disciplines conceptualizes student learning and what we know 

about student learning provides important background for helping to situate student 

learning within this study. However, when thinking about the integration of multiple 

disciplines it is important to understand discipline–specific views on learning, but if the 

goal is to make connections and cross traditional boundaries (Beane, 1996; Gavelek et al., 

2000; NRC, 2009) then it is also important to understand some of the bigger perspectives 

that have influence learning in multiple disciplines. Therefore, the remainder of this 

section will highlight perspectives on student learning, learning in science, learning in 

engineering, and learning in reading,  

 Perspectives on student learning. In recent decades, several different areas of 

research, from cognitive and development psychology to education to neuroscience, are 

beginning to converge to provide a better overall understanding of learning and thinking 

within the human brain (NRC, 2000). Along with these difference areas of research, there 

is a diverse and extensive research literature that is composed of a number of different 

perspectives and theories regarding the ways in which students’ learn and understand 

content (Anderson, 2007). These various perspectives have resulted from a development 

in the ways in which scholars have conceptualized student learning with a shift from 

more behaviorist and developmental theories of learning that were focused on individual 

learning to more cognitive, sociocultural, and social constructivist theories of learning, 
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which bring together individual and social contexts for learning (Scott, Asoko, & Leech, 

2007). Some of the larger and more contemporary theories of learning, which include 

cognitive theories, sociocultural, and social constructivist theories will be discussed in the 

following sub-sections to provide that broad overview of how these theories have 

influenced our thinking on student learning within multiple contexts. It is important to 

note that these sub-sections are intended to provide an overview of the different 

perspectives and not to be an extensive review of the literature in these areas. 

 Cognitive approaches to learning. In cognitive approaches, learning is seen 

largely as conceptual learning where an individual’s knowledge about science and the 

natural world are constructed based on prior experiences rather than by transfer during 

teaching (Scott et al., 2007). Influential work from this approach was largely based on 

Piaget (1964) and Kuhn’s work (1970) and furthered by the seminal article by Posner, 

Strike, Hewson & Gertzog (1982) looking at conceptual change theory. Whereby 

learning is a rational activity in which students come with a set of alternative conceptions 

and learning could occur when individual learners are dissatisfied with existing ideas and 

then presented with new ideas, which the learner sees as intelligible, plausible, and 

fruitful (Posner et al., 1982). Another insight taken from cognitive approaches to learning 

is that a person’s existing ideas about a topic influences their subsequent learning about 

that subject, and these ideas may be fairly resistant to change (Scott et al., 2007).  

 Sociocultural approaches to learning. These perspectives on learning focus more 

on the social contexts for learning and the fact that learning occurs during participation in 

a social situations (Vygotsky, 1978). Sociocultural theories of learning are based on work 
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by Vygotsky (1978), where learning involves a passage from social contexts to individual 

understanding, which requires the individual to internalize and personally make sense of 

their learning. One of the key contributions from Vygotsky (1986) in regards to the 

learning that happens in children is that language plays a central role in their mental 

development. Student learning is examined through participation and discourse in 

activities with other people (Anderson, 2007). Additionally, sociocultural approaches to 

learning recognize that participation in these science activities requires that learning of 

science involve learning the language and culture of the scientific communities in which 

these activities occur (Scott et al., 2007). The work by Bakhtin (1981) on the notion of 

social language suggests that learning science involves learning the social language of the 

scientific community in which the learner is participating, and a teacher or some other 

knowledgeable figure must introduce this language of science to the learner. Therefore, 

sociocultural approaches suggest that learning in science involves learning the language 

of science and occurs when there is a passage of knowledge from social contexts to the 

individual who is involved in a process of sense-making (Scott et al., 2007). 

 Social constructivist approaches to learning. Social constructivist theories of 

learning are similar to sociocultural theories in the fact that they also recognize the 

influence of the social context on student learning and suggest that learners cannot be 

passive recipients of knowledge (Scott et al., 2007). While work from Vygotsky has also 

informed the foundation of social constructivist theory, his work has been expanded by 

others (Hodson & Hodson, 1998; Driver, Asoko, Leach, Mortimer & Scott, 1994) to 

include the notion that the learning of new knowledge is socially constructed and 
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therefore students are constructing their scientific knowledge as a product of the 

discourse and social interactions that are occurring during their participation in a 

scientific community of learners.  

 While these various perspectives differ in the types of knowledge that is 

privileged, and the contexts in which student learning in science occurs, they also build 

and advance our knowledge and understanding of student learning in different ways 

(Anderson, 2007). The research from these various perspectives have helped to form a 

foundation for our understanding of what children know and how they learn, which has 

been incorporated into national documents and reform efforts like Project 2061, the 

National Science Education Standards (NSES: NRC, 1996; NRC, 2007), and more 

recently the Framework for K-12 Science Education (NRC, 2012).  

 Learning in science. Student learning in science is one of the three main areas of 

focus in this study and therefore to help situate the student learning in this study, this sub-

section provides an overview of some of the recent developments in what is known about 

how students’ learn science. Additionally, with the focus on the integration on science 

and reading, it is important to discuss the role of language in science learning. Therefore, 

this sub-section will include two parts: 1) a historical overview of the trends in science 

learning to provide an understanding of how the field has conceptualized student learning 

in science, and 2) a discussion of the influence of language and the role of science 

vocabulary in science learning. Together these two parts will provide an understanding of 

the views of student learning in science that are employed in this study. 

 Historical developments in science learning. While acknowledging that student 
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learning in science has a long and extensive history (DeBoer, 1991), for the purpose of 

this brief overview the focus will be on major trends and developments in science 

learning since the 1950s. The launching of the Russian satellite, Sputnik, in the late 1950s 

resulted in large amounts of money and attention to be focused on the teaching and 

learning of science in U.S. classrooms (DeBoer, 1991). Many of the influential 

conceptualizations and recommendations for science teaching and learning during this era 

came scholars in the field of psychology (Shulman & Tamir, 1973). However, one noted 

exception is the work and influence of philosopher John Dewey (1916; 1938) during the 

progressive era and his conceptualization of experiential learning and the idea that 

students should be “learning by doing” as well as engaging in purposeful learning. A 

cognitive psychologist, Jerome Bruner, published an influential book in 1960 called The 

Process of Education, which looked at the effects for children of active participation in 

the learning process of science and mathematics and he also argued for problem solving 

and intuitive thinking. Bruner also presented the idea that the “act of discovery” was 

necessary to ensure that the learner integrated the new material and is then able to 

generalize and transfer it to new contexts (Bruner, 1961). Another scholar, Joseph 

Schwab, in his 1962 publication, Teaching of Science as Enquiry, presented a view of the 

“enquiring classroom as one in which the questions asked are not designed to discover 

whether or not the student knows that answer, but to exemplify to the students the sorts of 

questions he must ask for materials he studies and how to find the answers” (Schwab, 

1962, p. 67). Robert Gagne stated that there were these instructional conditions, or 

learning hierarchies, that students needed to learn before they could employ the strategies 
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of inquiry, and that that goal of inquiry was an important outcome for science education 

because it encouraged the attitudes, methods and understandings needed to become a 

scientist (Gagne, 1963). This influence by cognitive psychologists and the focus on 

question asking, gathering evidence, and analyzing learning started to lay the foundation 

for inquiry-based science and constructivist practices that are still influencing current 

views of science learning (DeBoer, 1991). Additionally, these developments also placed 

an important emphasis on direct experience, active learning, and inquiry-based science 

practices that were designed for students to learn science by actively engaging in question 

-asking and gathering evidence which would help students think and learn like scientists 

(NRC, 2007).  

 Additional important developments in the ways in which we think about science 

learning and teaching came in the 1990s (eg. AAAS, 1993, NRC, 1996) as a response to 

the rising concern over the effectiveness of the U.S. education system with a particular 

focus on science and mathematics education (NCEE, 1983). In 1993, as part of Project 

2061, the American Association for the Advancement of Science (AAAS) released their 

Benchmarks for Science Literacy, which was designed to help educators decide what to 

include as a sequence of specific learning goals to achieve basic science literacy. The 

recommendations were to reduce the amount of materials, so as not to impede on student 

learning, and to create common goals but not a uniform curriculum, teaching methods, or 

materials (AAAS, 1993). Shortly after the publication and recommendations from the 

Benchmarks, came a call from the federal government to establish science content 

standards, which came in the form of the National Science Education Standards (NSES). 
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The standards were a guide to fundamental ideas about what students should know and be 

able to do in science and they emphasized a specific way of teaching and learning about 

science (NRC, 1996; 2007). Recommendations from this document state that “students 

should have the opportunity to use scientific inquiry and develop the ability to think and 

act in ways associated with inquiry, including asking questions, planning and conducting 

investigations, using appropriate tools and techniques to gather data, think critically and 

logically about relationships between evidence and explanation, constructing and 

analyzing alternative explanations, and communicating scientific arguments” (NRC, 

1996, p.105). This document highlighted the importance of active and guided science 

learning where the focus was on student thinking and discovery in order to develop a 

better understanding of science concepts.  

 Since the development of the NSES and the focus on and establishment of 

specific learning goals in science (NRC, 1996), there has been a considerable amount of 

research done in the areas of how students learn science (NRC, 2000; 2005), and what it 

means to “do” and understand science (NRC, 2007). In 2007, the National Research 

Council released a report titled, Taking Science to School, which brought together 

research from science educators, psychologists, history and philosophy of science experts 

to synthesize what is known about how students in grades K-8 learn science. Some of the 

major findings from this report included that: (1) children entering school already have 

substantial and sophisticated knowledge of the natural world, (2) students’ prior 

knowledge and experiences play a critical role in their science learning, (3) several 

factors including race and ethnicity, language, culture, gender, and socioeconomic status 
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influence the knowledge and experience that children bring to the science classroom, (4) 

that students learn science by actively engaging in the practices of science and (5) that a 

range of instructional approaches is necessary for the full development of science 

proficiency (NRC, 2007).  

 Furthermore, major findings on students’ science learning have provided a 

conceptual foundation for the recently released K-12 Framework for Science Education 

(NRC, 2012), which is “intended as a broad description of the content and sequence of 

learning expected of all students by the completion of high school” (p. 8). Some of these 

fundamental ideas about learning in science in the conceptual framework of this 

document, include that children entering kindergarten have sophisticated ways of 

thinking about the world based largely on their own experiences (Baillargeon, 2004; 

Cohen & Chashon, 2006) and everyday activities, which can be used as a foundation to 

build understanding in early grades (Inagaki & Hatano, 2006; NRC, 2012). Also, building 

on and refining prior conceptions and misconceptions in a way that is helping students to 

develop progressively more sophisticated understandings and explanations of the natural 

world is important for student learning (Carey, 1985; Metz, 1995). The focus on a limited 

set of core ideas within the Framework builds off the learning concept that experts 

understand core principles as connected and organized ideas which they used to make 

sense of new information, whereas novices see the knowledge as a set of disconnected 

and isolated facts that are difficult to organize and integrate (NRC, 2000). Another aspect 

of the conceptual foundation is that learning science requires both learning about a body 

of knowledge and about the practices that are used to establish, extend and refine that 
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body of knowledge (Lederman, 2007). Furthermore, to help students learn and develop a 

personal interest in science, learning experiences in science should connect with students’ 

own interests and personal experiences (Renninger, 2003; Tai, Liu, Maltese, & Fan, 

2006). Finally, learning in science is a social enterprise that is advanced through 

collaboration and within a well-established social system. 

 The role of science vocabulary in science learning. The final aspect of student 

learning in science that will be discussed in this section, comes from the language and 

science learning research with a particular focus on the role of content-area vocabulary 

and its use in students’ science learning. Language is central to science and not just for 

transmitting knowledge, but as a means for “doing” science as well as constructing 

understandings in science (Lee & Fradd, 1996; Yore et al., 2003). Additionally, language 

in science is used as a medium through which claims are made and challenged, data and 

observations are recorded, and understanding is communicated to the scientific 

community (Carlsen, 2007).  

 Therefore, when considering the essential role that language plays in learning 

science, it is important to note that one of the major difficulties in learning science is 

learning the language of science (Wellington & Osborne, 2001). Especially at the 

elementary level, one of the challenges specific to learning science involves 

understanding and applying scientific vocabulary because scientific vocabulary tends to 

have a high lexical density, or the amount of information contained in a single word 

(Halliday, 2004). Another reason behind the need for elementary students to learn science 

vocabulary is that the types of science vocabulary and the contexts of these words in 
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science commonly differ from student’s everyday language and can vary with the 

purpose and setting in which the vocabulary are being used (Yore et al., 2003). 

Furthermore, science texts are often written above grade-level in terms of the reading 

ability of elementary students and include a complex interaction of features and 

vocabulary to convey scientific information (Donovan & Smolkin, 2001; Pappas, 2006; 

Shymansky, Yore, & Good, 1991). Therefore, student learning in science can be affected 

by students’ use, familiarity, and application of science vocabulary (Wellington & 

Osborne, 2001). In summary, students’ understanding and ability to use science 

vocabulary is an important factor that contributes to student understanding in science. 

 Learning in engineering. The second discipline that will be examined in terms of 

the effects of integration on student learning is engineering and therefore this sub-section 

will present the major developments in student learning in engineering. Until recently, 

engineering has been primarily taught at the post-secondary level, and while that body of 

research can be used to help inform engineering education at the K-12 level, there is a 

need for additional research to develop a stronger research base, especially at the 

elementary level (Chandler, Fontenot, & Tate, 2011). Therefore, when compared to other 

disciplines, the research on student learning in elementary engineering is relatively 

limited. Additionally, although progress has been made with the integration of 

engineering into the Next Generation Science Standards (NGSS; NGSS Lead States, 

2013), there are no learning standards for K-12 engineering education that have been 

widely integrated or researched in elementary classrooms (NRC, 2009).  

 In an attempt to better understand the nature of K-12 engineering education in the 



 

 26 

United States, a large national study was conducted in 2009 by the National Research 

Council titled, Engineering in K–12 Education: Understanding the Status and Improving 

the Prospects. As part of that report, the committee examined the research on student 

learning in order to provide suggestions regarding appropriate learning outcomes for 

engineering in K-12 classrooms (NRC, 2009). One of the major findings from this report 

suggests that, while engineering is rarely taught explicitly in K-12 classrooms, there is a 

growing body of evidence to suggest that elementary students are capable of engaging in 

the practices of engineering (Moore, et. al, 2014; NRC, 2009). When looking more 

closely at students’ learning of some of the important concepts in engineering, Silk and 

Schunn (2008) found that elementary students tended to lack the conceptual 

understanding and knowledge of specific strategies that would help them to engage in the 

more complex thinking and cognitive load that is involved in considering multiple ideas, 

constraints, trade-offs, and systems thinking that is necessary for solving engineering 

problems. However, engaging students in simulations in a classroom context that 

required them to design and redesign models as well as teaching students to use external 

representations or strategies, like chunking, were helpful in overcoming some of these 

conceptual challenges (Halford, 2005; Penner, 2001; Silk & Schunn, 2008).  

 When looking at students’ conceptual learning of engineering skills, researchers 

have found that, although children tend to use drawing and representations for recording 

personal details, classroom practice can have a positive impact on helping students learn 

to use drawings and representations effectively in engineering design (Penner et al., 1997; 

Petrosino et al., 2008). Additionally, Childress and Rhodes (2008) found that testing and 
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experimentation were critical pre-requisite skills for students when learning to solve 

problems through engineering design. Overall, the NRC report (2009) concluded that, 

while there remain significant gaps in our understanding of how students in K-12 learn 

engineering concepts and skills, there are a number of conclusions that can be made 

regarding our current knowledge of student learning in engineering. These conclusions 

include: 1) that certain experiences can support relatively sophisticated understanding and 

development of engineering concepts and skills, 2) that students need sustained time with 

design activities within a meaningful context for the activity to result in significant 

learning, 3) that purposeful and iterative modeling is central to helping students develop 

deeper understandings of engineering and engineering design, and 4) that knowledge 

builds upon itself and therefore it is important to sequence instruction across K-12 in a 

way that moves from easier to more difficult ideas within engineering. 

 In addition to examining student learning about engineering skills and concepts, 

researchers have identified other areas within engineering that are important for 

developing elementary students’ understanding of engineering. Knight and Cunningham 

(2004) and Capobianco, Diefes-Dux, Mena, and Weller (2011) found that it is important 

for elementary students to learn about engineering and the work of engineers, as students 

hold many of the same misconceptions about engineers as seen in adults. Therefore, 

students should start learning about engineering in elementary classrooms to raise interest 

and dispel common misconceptions (Cunningham & Hester, 2007). When looking at 

student achievement, research findings suggest that engineering helps to increase student 

learning and motivation in other areas, such as science and mathematics (Brophy et al., 
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2008; Lachapelle et al., 2011; NRC, 2009). Furthermore, Soloman and Hall (1996) found 

that children performed better when designing for clients that were relevant to their lives, 

such as for themselves, their families, their community or, historical or fictional 

characters. 

 Overall, research findings suggest that K-12 engineering education can improve 

student learning and achievement in science and mathematics, increase awareness of 

engineering and the work of engineers, boost youth interest in pursuing engineering as a 

career, and increase students’ technological literacy (NRC, 2009). In terms of the 

learning outcomes for K-12 students, engineering education should emphasize the 

following aspects: the use of engineering design as an approach to identifying and 

solving problems, incorporate mathematics, science, and technology knowledge and 

skills into engineering activities, and promote learning about the types of thinking skills 

or “habits of mind” used by engineers (NRC, 2009). Additionally, research has found that 

students’ exposure to and learning about engineering should begin in elementary 

classrooms to capture interest and dispel common misconceptions of engineering held by 

elementary students (Capobianco, et al., 2011; Cunningham, Lachapelle, & Lindgren-

Streicher, 2006; Cunningham & Hester, 2007).  

 Learning in reading. The third and final discipline area examined in this study is 

reading and this sub-section presents an overview of the major developments in the 

conceptualization of student learning in reading. Pressley (2006) argues that there is a 

broad base of agreement that reading is about constructing meaning from text, but there is 

a disagreement about the nature of reading as a language process, a cognitive process, a 
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social process or an interactive process. Does it have to be one and not another or can it 

be all four? In order to look at student learning in reading, it is important to see how the 

influence of various theories has affected the types of thinking and reasoning that reading 

researchers find to be important. In the 1970s and early 1980s, reading research and 

reading comprehension was based on influences from cognitive psychologists and 

reading was considered a cognitive and constructive process (Gaffney & Anderson, 

2000). The development of schema theory, by Anderson and Pearson (1984), introduced 

the idea that there were cognitive structures where concepts were stored according to 

their mental representation and that the activation of prior knowledge, in combination 

with inferences made by the reader resulted in the construction of meaning and 

comprehension of what was being read. Additionally, Delores Durkin’s landmark study 

on reading comprehension (1978) raised the awareness about the need for research to 

look at comprehension strategies and caused researchers to start to look at comprehension 

as a process of creating meaning and learning in reading (Pressley, 2006). These 

influences on comprehension as constructing meaning resulted in researchers becoming 

interested in studying the effects of individual comprehension strategies (Wilkenson & 

Son, 2011).  

There was a shift in the field in the 1980’s and 1990s as researchers increasingly 

used sociocultural theories for studies of literacy in order to address the influence of 

culture and language on students’ understanding (Gaffney & Anderson, 2000; McVee, 

Dunsmore, & Gavelek, 2005). Renewed interest in transactional theory, a theory of how 

readers respond to texts (Rosenblatt (1978)) also argued that meaning is constructed by 
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readers as they interact with texts in light of their previous knowledge and experiences. 

Another important influence during this time was Vyogtksy’s sociocultural theory, which 

contributed to the ideas about learning in reading with the idea that teachers and students 

socially construct meaning and understanding as they interact with one another (Gaffney 

& Anderson, 2000). The previous work on individual comprehension strategies was 

expanded by Palincsar and Brown’s study (1984) on reciprocal teaching with the idea 

that students could be taught multiple strategies in the content of a reading group and 

with Duffy et al.’s study (1987) on the impact of using a direct explanation approach to 

strategy instruction. These ideas build upon some of the work of cognitive views of 

learning and development, while also considering that learning was a social and 

interactive process (Pressley, 2006). 

The field continued to be influenced by sociocultural views of learning and 

literacy with the assumptions that learning is an integrated, social activity that requires 

learners to be actively engaged (Wilkinson & Silliman, 2000). There was also evidence 

that good readers use multiple strategies while they read to gain an understanding of what 

they were reading (Pressley, 2006). However, there was also the acknowledgement that 

the use of cognitive strategies and engagement remained important factors (Gaffney & 

Anderson, 2000). Researchers started to explore the idea of using a more flexible 

approach to teaching and using multiple strategies while reading. This led to the 

development of Pressley’s Transactional Strategies instruction (2006), and the claim that 

teaching students to use multiple strategies was more similar to what skilled readers do as 

they actively read and choose the appropriate strategies for self-regulation. Additionally, 
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based on their research findings, the RAND reading group (2002) defined reading 

comprehension as “the process of simultaneously extracting and constructing 

meaning”(p. 11) that involves an interplay between the knowledge and capabilities of the 

reader, the demands of the text, and the sociocultural context in which reading occurs. 

The focus on active engagement and the construction of meaning from text using 

multiple strategies continued to be an important influence on developing good readers 

and thinkers (Duke & Carlisle, 2011).  

More recently, in recognizing the current challenges of living in today’s global 

and complex society, the Common Core State Standards for English Language Arts 

(2010a) has conceptualized that, in order to be prepared for 

 workforce training, and life in a technological society, students need the ability to 

gather, comprehend, evaluate, synthesize, and report on information and ideas, to 

conduct original research in order to answer questions or solve problems, and to 

analyze and create a high volume and extensive range of print and nonprint texts 

in media forms old and new. (NGA, 2010a, p. 4).  

This vision suggests that success in reading depends on students being able to 

learn to critically read through a variety of texts and apply a variety of strategies to 

carefully and actively build knowledge about a topic. Additionally, the Common Core 

ELA document (NGA, 2010a) and current content area reading educators have argued 

that students need to learn to apply the critical reading and thinking skills necessary to 

reason through the large amount of text available in multiple disciplines. These reasoning 

skills will help students to build content knowledge, while also comprehend and critique 
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what they are reading in order to assess the authors’ assumptions, evidence, veracity of 

claims, and soundness of an author’s reasoning (NGA, 2010a). Finally, there is an 

emphasis placed on the fact that students must also learn to read, write, speak, listen, and 

use language effectively in a variety of content areas.  

Challenges to Student Learning 

 When examining how integration affects student learning in elementary 

classrooms, it is important to understand potential barriers that may also be influencing 

student learning in science, engineering, and the reading of nonfiction children’s 

literature. While these barriers may or may not be present in the specific setting of this 

study, they have been documented in previous research and therefore help provide a 

better understanding of student learning in the context of elementary classrooms. This 

section will consider the challenges to student learning in elementary science, 

engineering, and reading, respectively. 

Challenges to student learning in elementary science. In order to face an 

increasingly competitive global market and for the U.S. to remain a country that leads the 

way in producing professionals in the area of science, technology, engineering and 

mathematics (NAS, 2004), there needs to be a rising public demand for effective science 

instruction that begins at the elementary level. Frequent, quality science instruction at the 

elementary level will help introduce students to many of the building blocks necessary 

for success in science and influence more students to pursue STEM related courses in 

high school, college and professionally (NRC, 2009; NRC, 2012). However, there are 

many barriers that lead to a lack of science instruction that is seen in elementary 
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classrooms. In an online study of 164 elementary teachers in 2006, more than half of the 

teachers stated that they have cut science instruction to 31 – 90 minutes per week due to 

No Child Left Behind (NCLB) Legislation, so that they could increase time for tested 

subjects of mathematics and reading (Griffith & Scharmann, 2008). Additionally, a study 

conducted by the National Institute of Child Health and Human Development (2005) 

found that in third grade, science was only taught for 6% of the instructional time, while 

teachers spent 56% on literacy and 29% of the time on mathematics.  

In the 1980s, there were several studies that identified a number of barriers, like 

time, resources, self-efficacy (Pratt, 1981; Stake & Easley, 1978), and an increasing 

diversity of learners to implementing quality science that affected elementary science 

instruction, and unfortunately, recent studies have shown that many of these barriers still 

exist today (Lee & Houseal, 2003; Marx & Harris, 2006; Sandall, 2003; Griffith & 

Scharmann, 2008). Wellington and Osborne (2001) and Lee (2005) argue that learning 

the language and literacy skills of science is a major barrier to learning science for many 

students, especially those from diverse backgrounds. One of the most frequently cited 

factors affecting the extent of science instruction occurring in classrooms in recent 

literature is the increasing pressure to only teach those subjects in which teachers and 

schools are held accountable for No Child Left Behind Legislation (Griffith & 

Scharmann, 2008). This pressure and accountability has led administrators to direct time 

and resources away from subjects like science in order to focus on high-stakes testing 

subjects, like mathematics and language arts (Marx & Harris, 2006). Furthermore, until 

recently, science learning has not been measured by mandated high stakes tests, and so 
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when and what to teach in elementary science is largely left to the discretion of each 

classroom teacher and often relegated to the end of the day (Spillane et al., 2001; Marx & 

Harris, 2006). Overall, these challenges have led to a decrease in the amount and quality 

of science instruction that is seen in elementary classrooms, which is concerning when 

national documents are calling for the need for an increased exposure to STEM subjects. 

Challenges to student learning in elementary engineering. There are several 

challenges facing engineering at the elementary level with one of the most common being 

the fact that engineering has had a limited presence in elementary classrooms up until 

recently years (Brophy et al., 2008). With this relatively new addition of engineering into 

elementary classrooms, there are not established traditions for the core ideas regarding 

what students should know and learn about engineering in elementary classrooms 

(Chandler et al., 2011; NRC, 2009). Furthermore, until the inclusion of engineering in the 

Next Generation Science Standards (NGSS Lead States, 2013), there was disagreement 

as to the appropriate role and placement of engineering and engineering standards in K-

12 (NRC, 2010), and prior to the release of the NGSS, there was a limited number of 

states that chose to include engineering at the elementary level (Moore, et al., 2014).  

With the publication of the NGSS, engineering has been placed into science 

standards, and therefore, it can be anticipated that several of the barriers facing 

elementary science education, such as limited time, will also face engineering instruction 

in elementary classrooms. Some of these potential barriers, including resources and 

teacher self-efficacy have already started to be examined by researchers in elementary 

engineering education. Research findings in the area of elementary teachers’ content 
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knowledge and self-efficacy about engineering found that elementary teachers have 

incomplete understandings of engineers and engineering and frequently do not feel 

prepared to teach engineering in their classrooms (Brophy et al., 2008; Cunningham et 

al., 2006; Wang, Moore, Roehrig, & Park, 2011). Additionally, research has found that 

most elementary teachers do not have a background in engineering and have not received 

adequate professional development in engineering content or pedagogies (Cunningham, 

2008; Roehrig et al., 2012). Another challenge for elementary engineering is the limited 

and widely varied curriculum available at the elementary level (NRC, 2009). As 

engineering becomes more common in elementary classrooms, there are a number of 

challenges that will need to be addressed in order to help teachers successfully implement 

engineering in their classrooms. 

Challenges to student learning in elementary reading. While there are a 

number of challenges facing elementary reading, only those directly related to the reading 

component of this study, which is the use and prevalence of informational text, will be 

discussed in this section. A majority of reading in science includes informational text, 

and yet Duke (2000) found that teachers were spending only 3.6 minutes per day on 

informational text in primary classrooms. This is alarming when considering the recent 

emphasis in reading on the need to provide students with more experience reading 

informational text (Duke, 2000; Saul & Dieckman, 2005). The increased emphasis being 

placed on the reading of informational texts in elementary classrooms in the Common 

Core ELA standards (NGA, 2010a), is an additional reason why there needs to be a 

greater focus on information texts in elementary classrooms. Potential benefits to the use 
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of informational text are increased student interest and motivation. Additionally, use of 

informational text can build background knowledge and lead to increased comprehension 

as it draws students into the real world (Duke, 2004). Also, research has found that it is a 

misconception that students do not like informational text, as Caswell and Duke (1998) 

found that many students actually prefer informational text to narrative text.  

Another challenge for elementary reading instruction that relates to this study is 

the inclusion of high-quality informational texts in elementary classrooms. Publishers 

have taken the opportunity to release large numbers of informational texts into the 

market, and not all of these texts are of a high-literary quality. This can be overwhelming 

for teachers as they attempt to select books for their classroom (Atkinson et al., 2009; 

Dreher & Voelker, 2006). Teachers do not have the extra time necessary to go through all 

of the available titles (Sudol & King, 1996), and not all teachers are well informed about 

how to evaluate and select informational text for their classroom (Atkinson et al, 2009; 

Dreher & Voelker, 2006). Additionally, teachers’ lack of content area knowledge can be 

a problem when selecting science informational texts (Broemmel & Rearden, 2006; Rice, 

2002). Research has found that many trade books provide inaccurate representations of 

science as well as inaccurate information that can be reinforced through the use of these 

texts, so it is important to use trade books that have been examined for accuracy 

(Donovan & Smolkin, 2001; Owens, 2003; Rice, 2002). Additionally, these 

misconceptions can come through the content delivered in the book but also through 

inaccurate illustrations, which many children use to help them develop their 

understanding of the text (Mayer, 1995). It is also important to note that the authoritarian 
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manner in which science is commonly viewed and presented can reinforce 

misconceptions (Rice, 2002). This is because students may wrongly believe that all 

science is presented as true facts, and so the inaccuracies presented in trade books may be 

viewed as true (Owens, 2003). In summary, the challenges to elementary reading that are 

presented here include the limited use of informational text in elementary classrooms, 

and the access and frequent use of texts that are not high-quality which increases the 

chances that students will be uninterested and that the texts will reinforce misconceptions 

in science. 

STEM and Reading Integration 

 In addition to a focus on student learning, this study is concerned with the call for 

to integrate content and skills across disciplinary boundaries in recent national documents 

from a number of different subject areas (NGA, 2010a; NGA, 2010b; NGSS Lead States, 

2013; NRC 2009; 2012; 2014). The call for integration is not a new idea and, as 

summarized by Beane (1996), integration has been suggested by educators at different 

times in history over the past 100 years from Dewey and other scholars during the 

progressive era in the 1930s to core curriculum in the 1940s to curriculum improvement 

projects in the 1960s and more recently by national standards from various disciplines 

(Czerniak, 2007; Hurley, 1999). Supporters of adopting an integrated approach argue that 

integration helps students to form deeper understandings, view the curriculum as 

relevant, see the “big” picture, and increase interest and motivation in the classroom 

(Berlin, 1994; Czerniak, 2007). Furthermore, advocates of integration suggest that this 

type of approach allows for deeper and more meaningful learning by connecting 



 

 38 

disciplinary knowledge with personal and real-world experience, which allows for the 

transfer of that learning (Beane, 1995). However, there are also critics of integration who 

argue that there is insufficient evidence to support the claims that integrated approaches 

are more effective or lead to deeper understanding than separate subject approaches 

(George, 1996), and they fear that the merging of disciplines might result in topics being 

left out or gaps in student understanding of important concepts (Berlin & White, 1992; 

Czerniak, 2007).  

 More recently, integration has been suggested as a solution to address some of the 

important needs in education including authenticity, meaningfulness, and efficiency, and 

even though it is frequently suggested, it is rarely seen in K-12 classrooms (Gavelek, et 

al., 2000; Yore, 2004). Some of the suggestions for why integration is not more common 

include a lack of a consistent and agreed-upon definition of integration (Davidson, Miller 

& Metheny, 1995; Hurley, 2003). This is evident in the wide-range of key words that 

have been used to describe integration: integrated, interdisciplinary, multidisciplinary, 

transdisciplinary, thematic, and connected, just to name a few (Czerniak, 2007; Lederman 

& Neiss, 1997). Additionally, some feel that the limited evidence supporting integration 

over traditional approaches (Czerniak, 2007, George, 1996), and the lack of preparation 

of teachers to teach in an integrated manner (Hurley, 2003; Wang et al., 2011) inhibits the 

adoption of integrated practice. Therefore, as educators and policy makers emphasize the 

importance of adopting an integrated approach and making meaningful connections 

between multiple disciplines, it is important to look at what the respective disciplines are 

trying to accomplish through integration and how the content, methods, and practices of 
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one discipline may advance the goals of another (Pratt & Pratt, 2004).  

 This research study specifically examines the integration of science, engineering, 

and literacy, and the impact of this integration on student learning. While there is a 

growing body of research examining the impact of science and reading integration, there 

is limited research in area of science, engineering, and reading integration. Therefore, this 

study will build off the existing literature from integration research in the areas of science 

and literacy, science and engineering, engineering and literacy, mathematics and science 

integration, and present the challenges and concerns of integration identified within this 

literature. These major findings and challenges will be presented in the following sub-

sections in order to provide a picture of what is currently known and what is largely 

missing from the research literature regarding the impact of integration on student 

learning. 

 Science and reading integration. As presented in Chapter 1, literacy is a larger 

term that contains multiple dimensions and this study is particularly concerned with the 

impact of integration on student learning in reading. While there is a rich and extensive 

literature base examining science and literacy integration, this section will focus on the 

integration research that is most relevant to this study including the research on science 

and reading integration. Additionally, this study specifically focuses on the reading of 

nonfiction children’s literature, and while there has been work done in this area, the 

research is more limited. Therefore to provide sufficient background and insight into 

student learning for this study, the research for this section includes the integration 

research examining science and both fiction and nonfiction reading. 
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  There is much research support for the use of children’s literature in elementary 

science instruction to enhance both science and literacy learning (Cervetti & Barber, 

2009; Ford, 2004; Guthrie, Wigfield, Metsala, & Cox, 1999; Pearson et al., 2010; 

Palincsar & Magnusson, 2001; Rice, 2002; Zarnowski & Turkel, 2011). Carefully chosen 

books can support authentic science learning and inquiry science by providing rich, 

accurate information that links to the science content, while also explaining and modeling 

the practices of science (Cervetti & Barber, 2009; Ford, 2004; Rice, 2002). Several 

studies have found that an integration of science and reading can lead to increased student 

achievement in science and reading (Guthrie, 1999; Morrow et al., 1997; Romance & 

Vitale, 1992). There are also a number of strategies that have been used to integrate 

science and reading, such as generating questions about the topic, inferring meaning or 

summarizing information (Yore, 2004). The following sub-sections will identify some of 

the major findings that have resulted from the science and reading integration research. 

 Overlap of thinking skills. The research literature in the area of science and 

reading integration suggests that there is an overlap of thinking and reasoning skills that 

are important for success in reading and science. Magnusson and Palincsar (2004) and 

Pratt and Pratt (2004) conclude that a common outcome of reading comprehension and 

inquiry learning in science is the construction of knowledge and understanding. McKee 

and Ogle (2005) state that the acquisition of both reading and science is dependent on the 

student’s ability to think critically in similar ways by requiring skills in setting purposes, 

questioning, predicting, analyzing evidence, drawing conclusions, and communicating 

results. Along with the ability to think critically, both disciplines promote the active 
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engagement with text or learning, and the use of similar cognitive processes (Cervetti et 

al., 2006; Guthrie et al., 2004; Pratt & Pratt, 2004). Researchers in both disciplines 

emphasize active, critical thinkers who question, analyze, evaluate to assure their own 

understanding (McKee & Ogle, 2005; NGA, 2010; NRC, 2012; Yore, 2004). 

Additionally, there are commonalities between scientific inquiry and reading 

comprehension with a core set of process skills that students should acquire in both 

disciplines (Baker, 2004; Cervetti et al., 2006; Guthrie et al., 2004; McKee & Ogle, 

2005). Whether in reading or scientific inquiry, students need to be able to apply 

metacognitive strategies in order to monitor learning and understanding of new 

knowledge and to move towards being in control and able to make sense of what they’ve 

learned for themselves (Baker, 2004; NGA, 2010; NRC, 2012; Magnusson & Palincsar, 

2004; Yore, 2004). Furthermore, language is an integral part of doing science and 

constructing claims, and talking, listening, reading and writing are important skills for 

scientists (Gee, 2004; NGA, 2010; NRC, 2012; Yore, 2004). Overall, there are a number 

of overlapping practices and thinking skills in reading and science that have found to be 

mutually beneficial in both reading and science achievement as support for the 

integration of reading and STEM (Guthrie et al., 2004; Magnusson & Palincsar, 2004). 

Increased student motivation and achievement. Support for using literature to 

enhance science instruction has strengthened as the results from a number of research 

studies have shown increased student achievement. As part of their Science IDEAS 

project, Romance and Vitale (1992; 2001) found that the experimental group of grade 

four students, participants in concurrent science instruction and a science content-based 
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reading program, performed significantly better in science and reading and displayed 

more positive attitudes towards science than the control students. Morrow, Pressley, and 

Smith (1997) found that the fourth grade students in science literature groups scored 

significantly higher on all of the reading measures and science measures in their study 

than both control groups. Additionally, after the study was over, the students in the 

science literature groups tended to choose science texts more often during independent 

reading time than the other students. Palincsar & Magnusson (2001) found that text-based 

inquiry instruction supported students’ conceptual understanding of science through their 

multiyear program, Guided Inquiry Supporting Multiple Literacies. Guthrie et al. (1999) 

developed and implemented the Concept-Oriented Reading Instruction (CORI) program, 

which involved the integration of reading and science instruction. They found that 

students in the program showed higher engagement and conceptual learning than those 

students in the traditional setting. Several studies found an increase in student motivation 

during science instruction through implementing engaging and high-quality texts (Ford, 

2006; Smolkin, McTigue, Donovan & Coleman, 2009).  

Building background content knowledge. High-quality trade books, especially 

informational texts, can be used to enhance and extend science instruction by providing 

students with important background knowledge before science investigation. These texts 

also can deliver science content during or after an inquiry investigation, especially when 

it is difficult to explore the content or phenomenon in the classroom (Cervetti & Barber, 

2009). Ford (2004) found that award-winning books can be used for engaging students 

while building background knowledge. Another suggestion is to use trade books in all 
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phases of the 5-E model (a five step model to guide inquiry instruction: Engage, Explore, 

Explain, Extend, and Evaluate) to assist and deliver content during inquiry science 

lessons (Everett & Moyer, 2009). 

Support for inquiry instruction and better understanding of science concepts. 

Literature should support the doing of science, not replace the observation and 

experimentation that is highlighted in inquiry instruction (Rice, 2002; Pearson et al., 

2010). This balance of literature and scientific inquiry can be used to reinforce the 

concepts learned during the inquiry investigation and to experience greater overall 

growth (Cervetti & Barber, 2009; Palincsar & Duke, 2004; Pappas, Varelas, Barry, & 

Rife, 2003). Duke et al. (2006) highlighted the importance of using authentic literacy 

activities in areas such as science to developing students’ writing and comprehension. 

Trade books can also be one way to infuse more explanatory thinking into elementary 

science instruction, especially for teachers who have a limited understanding of some 

science concepts (Smolkin et al., 2009). 

Providing a realistic context to help students connect learning with the real 

world. One of the strengths of integrating trade books into science instruction is that 

children’s literature “shows real people using math, science and social studies to solve 

real problems”(Zarnowski & Turkel, 2011, p. 30). In a study by Moore and Bintz (2002), 

they found that there are many literature titles and series about the lives of scientists that 

can help students to think about science connections in their everyday lives. Trade books 

can also be used to connect student learning with the real world and provide students with 

options to explore the excitement of science in the real world (Cervetti & Barber, 2009; 



 

 44 

Royce & Wiley, 1996). Informational texts, in particular, are great resources for helping 

to connect student learning with the real world (Duke, 2004).  

Teaching literacy skills that scientists need. Language is an integral part of 

science when participating in science inquiry, but it is also important in communicating 

ideas and understandings (Gee, 2004; Yore, 2004). Talking, listening, reading, and 

writing are important abilities for scientists and can be practiced by students through 

science inquiry investigations (Cervetti et al., 2006; Pappas, 2006). Using trade books 

with hands-on science experiences allows students to see the importance of literacy skills 

in science, and while doing science. Students are also practicing and becoming more 

proficient with their literacy skills (Duke et al., 2006; Rice, 2002).  

 Science and engineering integration. With the increasing emphasis on 

integrated STEM learning and the presence of engineering at the K-12 level, there is a 

growing body of research examining the integration of science and engineering in K-12 

classrooms (Brophy et al., 2008; NRC, 2009). However, this body of research is 

relatively limited with the recent addition of engineering in K-12, and the new focus on 

integrating engineering into science that was presented in the recently released NGSS 

(NGSS Lead States, 2013; NRC, 2012). The major findings from the science and 

engineering integration research will be presented in the following sub-sections.  

 Increased student achievement. Several research studies examining the 

integration of K-12 science and engineering have found increased student achievement in 

both science and engineering as a result of this integration (Apendoe, Reynolds, Ellefson, 

& Schunn, 2008; Brophy et al., 2008; Lachapelle et al., 2011; Schnittka, 2009; Wendell 
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& Rodgers, 2013). However, it is important to note that a large majority of these studies 

were conducted with middle and high school students leaving a need for more research 

studies looking at the impact on student achievement at the elementary level. Engineering 

is Elementary (EiE) is a widely implemented elementary engineering curricula that 

integrates science and engineering concepts through engineering design, and research 

from that curricula has found increased student performance on both science and 

engineering assessments (Lachapelle et al., 2011). Another study conducted by Wendell 

and Rodgers (2013) examined elementary students’ science learning following 

participation in the Science through LEGO Engineering program (Wendell et al., 2008) 

and found that the integration of science and engineering did increase students’ science 

content knowledge. While not directly related to science achievement, Rodgers and 

Portsmore (2004) found that the integration of science and engineering helped to 

facilitate students’ ability to connect knowledge and ideas within science and 

engineering. Finally, findings by Tran and Nathan (2010) suggest a word of caution with 

the integration of engineering and science because in certain cases, particularly when the 

science was not explicitly called out in the curricula, the integration did not lead to gains 

in science achievement.  

 Increased student motivation and attitudes. As suggested by the findings from 

the 2009 NRC report, titled Engineering in K–12 Education: Understanding the Status 

and Improving the Prospects, the integration of engineering has the potential for 

increased student motivation and attitudes towards science and engineering due to the 

real-world relevance of engineering (NRC, 2009). Several research studies have 
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confirmed the claim that participation in an integrated science and engineering unit was 

shown to increase students’ attitudes towards science and engineering, especially as 

potential careers (Capobianco et al., 2011; Cunningham et al., 2005). Schnittka, Bell & 

Richards (2010) found an increase in students’ attitudes and motivation towards science 

after participating in an Engineering Teaching Kit (ETK), which integrates science, and 

engineering. Similarly, Wendell and Rodgers (2013) found increases in science attitude 

ratings following the completion of a Science through LEGO engineering unit. 

Cunningham et al. (2005) found that participation in an integrated science and 

engineering unit lesson not only increased students’ attitudes about science and 

engineering but also promoted interest in science and engineering careers.  

 Increased student engagement. Another benefit of science and engineering 

integration has been the potential for increased engagement of students due to the focus 

on real world relevance of engineering (NRC, 2009). This finding was supported by the 

work of Apendoe et al. (2008) and Sadler, Coyle and Schwartz, (2000) who found that 

participation in an integrated science and engineering unit led to high levels of 

engagement for both males and female students. Additionally, Cunningham et al. (2006) 

found that the integration of engineering and science could be used to help engage all 

students, especially girls and other historically underrepresented groups in STEM. 

 Overall, a review of the science and engineering integration literature identified 

that while there are several potential advantages to this type of integration, these results 

are limited in number and the field would benefit from additional research in this area. 

 Engineering and literacy integration. Similar to what was discussed in the 
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previous section regarding the limited amount of literature surrounding science and 

engineering integration at the K-12 level, there is also a need for additional research 

examining engineering and literacy integration. Unlike the science and reading 

integration research review, which was limited to the reading component of literacy, this 

review of the literature was expanded to include all aspects of literacy due to the very 

limited number of studies on engineering and reading. A search of the engineering and 

literacy research revealed that researchers are just starting to explore the integration of 

these areas. In terms of the type of reading genre represented in these studies, three of the 

four studies examined the potential of integrating fictional texts with engineering (Dovie 

& Cardella, 2011; Holbrook, Pannozza & Prieto, 2009; McCormick & Hynes, 2012) and 

the fourth included a mixture of fiction and nonfiction texts (Tank, Pettis, Moore & Fehr, 

2013). Two of the studies (Holbrook et al., 2009; Dovie & Cardella, 2011) examined the 

extent to which engineers and engineering are represented in children’s literature. Both 

studies found that there are a limited number of resources, and the majority of these 

resources perpetuate common stereotypes and misconceptions about engineers and the 

engineering profession. McCormick and Hynes (2012) provided preliminary findings 

from the NSF-sponsored Integrating Engineering and Literacy project, which included 

that the integration of fictional texts provides rich contexts from which students can 

demonstrate and develop engineering practices and that, when presented with imagined, 

fictional contexts, students may spontaneously demonstrate engineering practices as they 

design and construct solutions. The final study by Tank et al. (2013) examined the 

integration of STEM and literacy in one kindergarten classroom and found that the 
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integration of engineering and literacy provided a meaningful and motivating way to 

engage students in science and mathematics learning. Additionally, the integration of the 

literature provided context and background content for the engineering design challenge, 

Overall, the initial research in the area of engineering and literacy integration suggests 

that there is a limited amount and type of engineering represented in children’s fiction 

and that both fiction and nonfiction literature can provide context for engineering design. 

Also, that there is a need for more research in this area, especially in the area of 

nonfiction texts and engineering. 

 Mathematics and science integration. While the mathematics and science 

integration research does not have a direct connection to the content areas examined in 

this study, findings from research studies examining the integration of mathematics and 

science in K-12 classrooms can provide more general insight into previous learning 

regarding the integration of science and other disciplines. When examining the 

mathematics and science integration literature, a large portion of this work was conducted 

and published in the 1980s and 1990s as evident from the foundational publication from 

Berlin and White (1992) reporting on the findings from the NSF/SSMA Wingspread 

conference on integrated mathematics/science teaching and learning, the 1998 special 

issue on mathematics and science integration from School Science and Mathematics and 

several extensive literature reviews focusing on this integration (Czerniak, Weber, 

Sandmann, & Ahern, 1999; Pang & Good, 2000). It is also important to note that several 

researchers identified the need for more empirical evidence regarding mathematics and 

science integration as a large amount of the research studies are testimonials regarding 
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how to implement the integration (Czerniak et al., 1999; Hurley, 2001; Lederman & 

Niess, 1997; Pang & Good, 2000). The major findings from this integration research will 

be summarized and presented in the following subsections. 

 Increased student motivation and achievement. Several of the findings from 

empirical articles examining the effects of mathematics and science integration suggest 

that participation in integrated curriculum resulted in increased student achievement and 

motivation in both science and mathematics. Beane (1995) found that on traditional 

measures of school achievement, students who participated in integrated curricula did as 

well, if not better than students in single-subject curricula. Greene (1991) also saw 

increased student achievement as measured by increased NAEP scores for those students 

who participated in year-long thematic units that were restructured to allow for the 

connection of science to all content areas. Stevenson and Carr (1993) reported similar 

results with increased interest and achievement for students in integrated instruction. Vars 

(1991) also reported higher student achievement with integration, but noted that 

integration was frequently seen in conjunction with other reform efforts and therefore it 

was difficult to know which of these factors contributed to the increased achievement. A 

meta-analysis conducted by Hurley (2001) found both small and medium effect sizes for 

both math and science achievement with integration for studies from 1930 – 1997, with 

higher effect sizes for science than math achievement. In addition to increased 

achievement, several of the studies reported that thematic units and integrated instruction 

had positive impact on student attitudes and interest in mathematics and science (Bragow, 

Gragow & Smith, 1995; McComas, 1993; Stevenson & Carr, 1993).  
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 Increased meaningfulness and relevancy. Another finding from the mathematics 

and science integration literature examined the relevancy of integrated instruction. While 

often cited by advocates of integration as an important benefit to integrated instruction 

(Berlin, 1994; George, 1996), Berlin and White (1992) found that providing relevancy to 

the curriculum was a common finding among the papers submitted to the NSF/SSMA 

Wingspread Conference for integrated mathematics and science teaching and learning. 

Wantanabe and Huntley (1998) also found that educators and classroom teachers 

believed that integration provided relevancy and motivation for learning of mathematics 

and science content. Additionally, integration was discussed as a model that helped 

students to think and learn in ways that were more reflective of the real world (Mason, 

1996).  

 Making connections and developing overlapping thinking skills. In addition to 

the increased motivation and relevancy provided by integration, studies found that 

students who participated in integrated instruction were more likely to make their own 

connections among concepts (Peters, Schubeck & Hopkins, 1995). Wantanabe and 

Huntley (1998) reported that both educators and classroom teachers believed that 

integration helped students to make connections between mathematics and science by 

providing concrete examples of mathematics and using mathematical skills that helped 

students to better understanding scientific relationships. Furthermore, researchers in this 

area suggested that integration reinforces connections between the subjects and supports 

student learning of overlapping skills and concepts (Beane, 1996; Berlin & White, 1994; 

Cohen, 1995; Mason, 1996). 
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 Challenges and concerns in integration. There have been a number of research 

studies suggesting the STEM and reading integration can be used for enhanced student 

learning (Beane, 1995; Greene, 1991; Guthrie et al., 2004; Lachapelle et al., 2011, 

Morrow, et al., 1997; Magnusson & Palincsar, 2004; Romance & Vitale, 2001). 

However, it is also important to consider some of the differences in thinking or potential 

tensions that could result from the integration of different disciplines. This section will 

present some of the challenges and concerns of integration that were identified in the 

research literature.  

 From the science and reading integration research, some of the tensions voiced 

from scientists include that reading textbooks and trade books are not “doing” science, 

and while there are important uses of language in science, the concerns is that the 

integration will lead to reading about science and therefore lose the essence of science 

(Yager, 2004). At the same time, it is important to recognize, as Mayer (1995) noted, “a 

book might be an excellent example of children’s literature, but at the same time a poor 

resource for learning science” (p. 18). It is also true that there can be science trade books 

that include excellent science content, but they do not engage students because they are 

missing many of the qualities of a good informational text. This disagreement about the 

values of written text versus the value of hands-on experience is an important area of 

tension for some reading and science educators (Alvermann, 2004). Yore (2004) 

recommends that to reduce that concern, “the critical issue is to select language tasks that 

respect nature of science”(p. 85). Additionally, Ford (2004) cautions that we must 

remember that using text for inquiry science looks much different than it does when using 
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them for traditional literacy instruction as inquiry involves, meaningful contexts, active 

engagement of learners and opportunities to act, write, and communicate in science while 

keeping a critical lens on these texts. From a reading perspective, Pearson (1994) stated, 

“My fear is if we view literature as a basis for contextualizing specific activities or 

strategies that we may end up doing violence to the very literature we selected so that 

these activities would be relevant and authentic”(p. 25).  

 Additional concerns regarding integration were identified in the mathematics and 

science integration research. George (1991) reported that there were several claims that 

have not been supported by sufficient evidence, some of which included: that integration 

presents greater opportunity for problem-solving, independent learning, or application of 

prior knowledge; that it allows for more application of learning to real life; or that it 

encourages a greater transfer of knowledge. Lederman and Niess (1997) raised the 

concern that in science and mathematics integration, the use of an integrated framework 

can actually limit the science and mathematics instruction because of the attention placed 

on overlapping skills and concepts. Another concern, raised by Mason (1996) was 

concerned that the integration of science and mathematics can do harm to the learning of 

specific disciplines, especially when the disciplines are structured differently as seen in 

the case of mathematics which is largely sequential in learning and so applying bits and 

pieces of concepts may disrupt that learning. Finally, a similar concern to what was seen 

in the science and reading integration with the need for good pedagogies in all disciplines 

that are being integrated (Ford, 2004; Pearson, 1994; Yager 2004) was raised by several 

math and science integration researchers (Furner & Kumar, 2007; Stinson, Harkness, 
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Meyer, & Stallworth, 2009) as well as science and engineering researchers (Smith, 

Sheppard, Johnson, & Johnson, 2005).  

 In summary, there were a number of concerns raised regarding the knowledge and 

skills that are emphasized by researchers in each discipline as well as how each discipline 

conceptualizes the idea of integration. Pratt and Pratt (2004) capture this sentiment in the 

following quote, “Often, little or no thought is given to what it is the respective 

disciplines try to accomplish and how the methods of one disciplines may advance the 

goals of another” (p. 395). When thinking about the integration of multiple subjects, 

Pearson (1994) argues for integrity and integration, maintaining the separation of 

disciplines as well as for promoting the integration. This idea was echoed by Alleman 

and Brophy (1994), who caution that educators should “consider integration a potential 

tool that is feasible and desirable in some situations, but not all”(p. 66).  

Summary of Chapter 2 

 As presented above, while there are overlapping approaches, ideas, and barriers 

regarding student learning in elementary classrooms, each discipline has its own ideas 

about what students should know and how students best learn content and skills in their 

respective disciplines. As there is an increasing emphasis on this idea of integration 

(NGA, 2010; NRC, 2009; 2012; 2014), and there are overlapping, concepts, skills, or 

attitudes between different disciplines that are mutually beneficial (Gavelek et al., 2000), 

it will be important to continue to examine what this means and looks like in classroom 

practice. 

 Furthermore, the previous research on integration has suggested that there are 
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several potential benefits to integration including: increased student learning (Beane, 

1995; Lachapelle et al., 2011; Magnusson & Palincsar, 2004; Romance & Vitale, 2001; 

Schnittka, 2009), increased motivation and engagement (Cunningham et al., 2005; 

Guthrie et al., 1999; Schnittka et al., 2010; Stevenson & Carr, 1993), increased 

meaningfulness and relevancy (Berlin & White, 1992; Cervetti & Barber, 2009; 

Zarnowski & Turkel, 2011), and finally the teaching and use of overlapping thinking 

skills (Cervetti et al., 2006; McKee & Ogle, 2005; Palinscar & Magnusson, 2001; Yore, 

2004). However, with the exception of the well-established research tradition in science 

and literacy integration, there is limited empirical evidence as to the effects of integration 

and whether it is more effective than traditional single-subject approaches (George, 

1996). Even in the more established science and literacy integration research, there are 

issues that need further exploration. Wendy Saul captured these issues in the following 

quote: 

There is little debate that an important connection exists between language and 

science, however the conversation about how students learn best took place 

largely in isolated professional organizations…. And specific questions emerge: 

How does knowledge in one area help learners succeed (or fail) in the other? 

What can teacher and teacher educators do to create classroom situations that 

make literacy-science connections possible or more robust? And how important 

are literacy-science connections anyway? (Saul, 2004, p. 1-2) 

Therefore, as we continue to see an emphasis on the integration of multiple subjects, it is 

important for educational researchers to continue to examine models and modes of 
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integration in order to better understand if and how integration affects the teaching and 

learning in different disciplines.  

The goal in this current study is to explore how nonfiction children’s literature 

could be used to facilitate an integrated approach to teaching science and engineering in 

elementary classrooms and how the integration of children’s literature into science and 

engineering instruction affects student learning in elementary classrooms. However, as 

identified in the research literature presented above, there is limited research in the areas 

of science and engineering integration and science, engineering and reading integration in 

elementary classrooms. In order to better understand what is being suggested by the 

increased attention that is being placed on STEM, integrating science and engineering at 

the elementary level, and teaching students to think in ways that reflect the complex and 

interdisciplinary problems of today (NRC 2009; 2012; 2014), there is a need for 

additional research that examines the effects of these integrated models on student 

learning in these areas. This study adds to the literature base by examining a component 

of STEM integration and the integration of multiple disciplines with a focus on the 

effects of integration of science, engineering, and nonfiction literature on student 

learning. 

 This chapter has provided a review of the literature that is relevant to examining 

the impact on student learning when integrating science, engineering and nonfiction 

literature. The literature review began by presenting the theoretical framework, which has 

guided this study, before looking briefly at student learning in each of the content areas 

relevant to this study. Next, the review identified some of the major challenges facing 
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science, engineering and nonfiction reading in elementary classrooms before presenting 

some of the major findings in the math and science, science and literacy, science and 

engineering and engineering and literacy integration research. 
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Chapter 3 Research Design and Methods 

  This section will describe the mixed methods research that is used to explore how 

nonfiction trade books could be used to facilitate an integrated approach to teaching 

science and engineering. It will also provide detailed information about the research 

methodologies, design, and overall methods of data collection that were used to answer 

the research questions:  

1. How does the integration of nonfiction literature with science affect student learning in 

science and reading? 

2. How does the integration of nonfiction literature with science and engineering affect 

student learning in science, engineering, and reading?  

To examine the research questions above, this study examined an entire fifth grade, four 

classrooms (30 students/class), from one public elementary school in a highly diverse 

first-ring suburban school district. The research focus is on each classroom of students 

and the two teachers who lead the science instruction, as they participate in control 

(science/science and engineering-only) and treatment (science/science and engineering 

integrated with nonfiction literature) conditions.  

Methodology 

 This study employed a mixed methods research design in which the simultaneous 

use of quantitative and qualitative data collection and analysis processes were used to 

answer the research questions (Tashakkori & Teddlie, 2009). While there have been 

several variations on the definition of mixed methods research, Johnson, Onwuegbuzie, 

and Turner’s study (2007), which sought a consensus regarding a definition, states that 
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“mixed methods research is a type of research in which a researcher or team of 

researchers combines elements of qualitative and quantitative research approaches for the 

purposes of breadth and depth of understanding and corroboration” (p. 123). 

Additionally, “mixed methods research has evolved to the point where it is a separate 

methodological orientation with its own worldview, vocabulary and techniques” 

(Tashakkori & Teddlie 2003, p. X). The qualitative and quantitative approaches provide 

different perspectives and data, which can help to offset single approach limitations and 

to answer questions that cannot be answered adequately by qualitative or quantitative 

approaches alone (Creswell & Plano Clark, 2011). Scholars have given multiple reasons 

for mixing methods, some of which include triangulation or greater validity, 

complementarity, completeness, offset of design, explanation, diversity of views and 

enhancement (Greene, Caracelli & Graham, 1989; Bryman, 2006). In this study, a mixed 

method design was employed in order to provide a more complete picture of the students 

learning through the triangulation of both quantitative and qualitative data sources. This 

mixing of approaches to provide a more complete picture or deeper explanation is 

especially important for those studies in which one of the research goals is to better 

understand the complexities of educational settings (Tashakkori & Teddlie, 2009).  

 Creswell and Plano Clark (2011) identified six major types of mixed methods 

designs to guide the design and implementation of rigorous mixed methods research. 

These six designs include: 1) the convergent parallel design, which uses concurrent 

timing to implement quantitative and qualitative approaches before mixing results for the 

interpretation; 2) the explanatory sequential design, a two-phase design that starts with 
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the collection and analysis of quantitative data followed by a qualitative research design; 

3) the exploratory sequential design, a two-phase design that starts with the qualitative 

design before moving on to a quantitative design; 4) the embedded design, which 

involves the use of quantitative and qualitative data within a traditional quantitative or 

qualitative design; 5) the transformative design, a design guided by a transformative 

theoretical framework; and 6) the multiphase design, a design that combines both 

sequential and concurrent research in a study (Creswell & Plano Clark, 2011). 

Additionally, based on the nature and purposes of the research and research questions, 

one can choose a combination of these mixed methods designs. 

 This mixed methods study employed an embedded design to address student 

learning during an integrated science, engineering, and nonfiction reading instructional 

unit, (Creswell & Plano Clark, 2011) where the quantitative and qualitative styles were 

mixed at the design level with the qualitative data strand embedded within a quasi- 

experimental quantitative design. Even though the qualitative strand was added to the 

overall quantitative design as a supplemental strand, an embedded design allows for the 

quantitative and quantitative data to be collected concurrently and analyzed separately, 

before merging the results into an overall interpretation (Creswell & Plano Clark, 2011) 

of the effects on student learning. This mixing of methods enhances the overall design 

through the triangulation of multiple types of data to provide a more complete 

explanation and to better understand the effects on student learning during an integrated 

science, engineering, and nonfiction reading instructional unit. The mixed methods 

design employed in this study is presented in Figure 3.1 below. 
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Figure 3.1.  Embedded Mixed Methods Research Design 
 
 

 In this study, the quantitative data included pre and post content assessments in 

science, engineering, and reading that were used to test the theory that the 

implementation of integrated nonfiction reading, science, and engineering instruction 

would positively influence content area learning for fifth grade students at a public 

elementary school. The qualitative data, which includes observation, interview, and 

classroom artifacts, provided further exploration of student learning in the three content 

areas that were part of the integrated unit in their elementary classrooms. The reason for 

collecting both quantitative and qualitative data in this study is to corroborate results 

from the two forms of data collection and analysis in order to bring greater insight for the 

research questions than would be obtained by either type of data separately (Creswell & 

Plano Clark, 2011). The quantitative and qualitative strands of this mixed methods design 

will be explained in more depth in the following paragraphs. 

 Quantitative strand. The quantitative data collection and analysis follows a 

quasi-experimental pretest-posttest nonequivalent control group design (Campbell & 

Quantitative Design 
QUANTITATIVE data 
collection and analysis 

• Pre/Post	  Content	  Assessments	  

QUALITATIVE data collection 
and analysis 

• Classroom	  Artifacts	  
• Student	  Interviews	  

Merge 
Results Interpretation 
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Stanley, 1963; Hoyle, Harris, & Judd, 2002) for assessing the impact of the treatment, 

integrated nonfiction reading, on the outcome of student learning in science, engineering, 

and reading. Prior to this study, students were assigned to one of the four fifth grade 

classrooms. Since their classroom assignment could not be changed, random assignment 

was not possible, and a quasi-experimental approach was adopted. Quasi-experimental 

designs are typically employed when it is not possible for research studies to undertake 

true experimental conditions, like random assignment of schools and classrooms but still 

allow for the manipulation of the independent variable (Campbell & Stanley, 1963; 

Cohen, Manion, & Morrison, 2007; Cook & Campbell, 1979). Additionally, since the 

control and treatment groups cannot be equated through randomization, a pretest-posttest 

non-equivalent control group design was employed in this study. In this design, the 

pretest and posttest measures were administered to a control and a treatment group that 

were selected to be as similar as possible without the option for random assignment 

(Cook & Campbell, 1979).  

 The quasi-experimental design employed the same pretest and posttest measures, 

which allowed for the comparison of the dependent variable, student learning, before and 

after exposure to the treatment condition of nonfiction literature. The treatment was 

applied at the classroom level, and each classroom was assigned to either the control or 

the treatment condition (see Figure 3.2 below). The benefit of the pretest-posttest design 

was that it allowed the researcher to see if the four classrooms were equivalent before the 

treatment, and it allowed for each participant to serve as their own comparison (Hoyle et 

al., 2002). 
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Teacher 1 

(Science) 

Classroom A  O1           O2 

Classroom B O3    X       O4 

Teacher 2 

(Integrated 
Science and 
Engineering) 

Classroom C O5           O6 

Classroom D 

O7    X       O8 

*Note: X = Treatment, independent variable, O = Content assessment, dependent variable 

Figure 3.2. Quasi-Experimental Pretest – Posttest Nonequivalent Control Group Design 

 

 Qualitative strand. The qualitative data collection and analysis for this study 

employed the use of multiple data sources in order to gain a deeper understanding and to 

provide a rich description of the effects of an integrated nonfiction reading unit on 

student learning. The pragmatist research paradigm presented in Chapter 2 guided and 

helped to frame the qualitative approach to inquiry that was employed in this study with 

the primary focus of addressing the research questions. The qualitative strand does not 

follow a single approach to inquiry but adopts a more general approach to qualitative 

inquiry that complements the concurrent mixed methods design (Tashakkori & Teddlie, 

2010). In respecting the interpretive and emerging nature of qualitative research, the data 

were collected in the natural classroom setting by a researcher who was not a participant 

of the research study but spent a dedicated amount of time getting to know the setting and 

participants (Creswell, 2007). Additionally, the qualitative analysis of the multiple data 

sources followed an inductive cycles of establishing patterns and themes, which is 

common to qualitative research (Miles, Huberman, & Saldana, 2014). 
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Method 

  This section will further explain the details related to the mixed methods research 

design that was employed in this study. This section is divided into six subsections 

including the 1) participants and context, 2) instructional units, 3) data collection, 4) data 

analysis, 5) plans for reliability and 6) limitations of the study.  

Participants and Context 

  In order to answer the research questions, four fifth grade classrooms were 

studied during the 18-day science rotation that took place from December to February 

during the 2012-2013 school year. These four fifth grade classrooms made up the entire 

fifth grade at a public elementary school within a diverse first-ring suburban school 

district. This school district has an average of 51% of its students receiving free and 

reduced lunch and includes about 47% minority students. There were approximately 30 

students in each of the four classrooms for a total of 120 students. The fifth grade 

teachers from this elementary were chosen because of their previous work with the 

University through this partnership and the ability for the researcher to work with an 

entire grade level at the same school. An additional consideration in the selection of this 

school and grade level was that the two fifth grade teachers, Denise and Holly, who lead 

the science instruction, have similar background in terms of their degrees, teaching 

certificates, teaching experience, and professional development in the areas of science 

and engineering. Table 3.1 presents the teacher demographics for Denise and Holly.  
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Table 3.1.  

Background Information about the Two Teachers 

Teacher Academic 

Degree 

Teaching 

Certificate 

Teaching 

Experience 

Science & Engineering 

Professional Development  

Denise Elementary Ed, 

Science minor 

UW- River Falls  

Elementary, 

5-8 Science 

10 years STEM Integration, 

Summer 2010, 2011 

 

Holly Elementary Ed, 

Science minor 

UW- River Falls 

Elementary, 

5-8 Science 

12 years STEM Integration, 

Summer 2010, 2011 

 

Additionally, they were both members of the district science committee and have both 

participated in week-long summer professional development opportunities for science 

and engineering. The selection of the timing for this study, during the second trimester 

from December to February, was due to the fact that this particular science unit coincided 

with the nonfiction reading unit which allowed for easier implementation of an integrated 

nonfiction reading, science, and engineering unit. 

 These fifth grade classrooms were located within an elementary building, and 

therefore, the school day was structured so that each classroom teacher was responsible 

for teaching multiple subjects to the same students throughout the school day. However, 

due to accountability pressures, there was a limited time to teach science each day and 

that time was in competition with social studies instruction. The teachers had 45 minutes 

per day to cover both the science and the social studies standards for fifth grade and 

decided to separate each trimester in a series of three 18-day rotations in order to meet the 
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requirements for both of those content areas. Figure 3.3 presents an example breakdown 

of their daily schedule and an overview of the school year.  

Daily Schedule School Year Overview 
 
9:15 – 9:30 Morning Meeting 
9:30 – 10:15 Science/Social 

Studies 
10:15 – 11:10 Specialist 
11:10 – 12:30 Mathematics 
12:30 – 1:00 Lunch/ Recess 
1:00 – 1:30 DEAR*/Read Aloud 
1:30 – 3:30 Literacy Block 
3:30 – 3:45 Closing Routines 
3:45 Dismissal 

DEAR = Drop Everything And Read 

 
Trimester 1 

Sept 
(Rotation 1) 

Oct 
(Rotation 2) 

Nov 
(Rotation 3) 

Trimester 2 

Dec 
(Rotation 1) 

Jan 
(Rotation 2) 

Feb 
(Rotation 3) 

Trimester 3 

Mar 
(Rotation 1) 

Apr 
(Rotation 2) 

May/June 
(Rotation 3) 

 

Figure 3.3. Example of the fifth grade daily class schedule and school year overview 

 

 To help students prepare for middle school and to capitalize on teacher content-

area expertise, the fifth grade team departmentalized their science and social studies 

instruction with two teachers (Holly and Denise) taking the lead for science and two other 

teachers taking the lead for social studies. This allowed each classroom to rotate through 

one 18-day science unit and one 18-day social studies unit before returning to their own 

classroom for a health and human body sequence for the third rotation in each trimester. 

The nature of the departmentalized science instruction for this fifth grade team also 

meant that the same teacher was responsible for teaching the same science unit to two 

different classrooms during the trimester (see Figure 3.3 for a sample rotation). The focus 

of this study is on the four fifth grade classrooms taught by Denise and Holly, who led 
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the science instruction, as they participated in the science rotation that ran from 

December to February . Since Denise and Holly were each responsible for teaching two 

classes during this rotation, the four fifth grade classrooms were divided into two groups 

based on which of the two science teachers they had for their instruction. To help clarify 

between the two groups, each group was assigned a title that will be used throughout the 

study. The “science condition” refers to those students who were in Holly’s science class 

and the “engineering condition” for those students in Denise’s integrated science and 

engineering class., Once assigned to a science teacher, and therefore a condition, the two 

classes were assigned so that one of the classes was the control and the other class was 

the treatment. The treatment, which consisted of integrating nonfiction literature that was 

related to the science content they were learning, occurred during the students’ reading 

instruction. Therefore, the treatment condition was assigned to the classrooms where the 

science teachers, Denise and Holly, were teaching their own homeroom class. This 

allowed for the same teacher to be teaching both science and nonfiction reading and 

could therefore help to recognize and facilitate any interdisciplinary connections between 

the integrated nonfiction literature and the science instruction. Each teacher taught two 

classes during this science unit from December to February and therefore served as their 

own control and treatment for this study.  

Instructional Units 

 According to the district scope and sequence, three science curriculum kits were 

assigned to fifth grade, and the teachers were responsible for addressing the state science 

standards associated with that kit. However, fifth grade was placed in an interesting 

situation because it is the grade level at which students in Minnesota are tested on the 
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Minnesota state science standards taught in grade 3-5 (Minnesota Department of 

Education, 2009). Therefore, additional pressure was put on the fifth grade team to 

address all of the necessary science content from grade 3-5.  

  With the adoption of the 2009 Minnesota State Science Standards came the 

addition of engineering (Minnesota Department of Education, 2009), and to help ensure 

the students had an understanding of engineering prior to the state science test the fifth 

grade, teachers decided to integrate engineering content into two of the three fifth grade 

science kits. There were two classroom science kits and enough science materials for the 

two teachers to teach science at the same time, but there were only enough engineering 

materials for one teacher to teach at the time. Therefore, due to the limitations with the 

engineering materials and the flexibility of the integration of the engineering, the two 

teachers responsible for teaching science decided to integrate engineering into different 

science units. Holly integrated engineering into the first science unit that takes place from 

September to the end of November, and Denise integrated engineering into the second 

science unit from December through February. 

 Science Unit. During the 18-day science rotation that occurred from December to 

February, Holly taught a curricular unit from the Full Option Science System (FOSS) 

(http://www.fossweb.com). This unit, titled Landforms, introduced students 

to fundamental concepts in earth science including: change takes place when things 

interact; all things change over time; and patterns of interaction and change are useful in 

explaining landforms (FOSS, 2005). The curriculum was designed to teach science by 

“providing students and teachers with meaningful experiences through engaging with this 
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active participation in scientific practices” (retrieved October 31, 2012 from 

http://www.fossweb.com). The Instructional Sequence and Minnesota science standards 

that were addressed in this FOSS Landforms unit are listed in Figure 3.4 below. 

 

FOSS Landforms Unit (Trimester 2) 

Day 1 
Pre-test 

 

Day 2 
Schoolyard 
Models 
Investigatio
n 1: Part 1  

Day 3 
Schoolyard 
Models 
Investigatio
n 1: Part 2 

Day 4 
Schoolyard 
Models 
Investigation 
1: Part 2/3 

Day 5 
Schoolyard 
Models 
Investigation 
1: Part 3 

Day 6 
Stream 
Tables 
Investigatio
n 2: Part 1  

Day 7 

Stream 
Tables 
Investigation 
2: Part 1/2 

Day 8 

Stream 
Tables 
Investigatio
n 2: Part 2 

Day 9 

Go with the 
Flow 
Investigatio
n 3: Part 1 

Day 10 

Go with the 
Flow 
Investigation 
3: Part 1 

Day 11 

Go with the 
Flow 
Investigation 
3: Part 2 

Day 12 

Go with the 
Flow 
Investigatio
n 3: Part 2 

Day 13 
Build a 
Mountain 
Investigation 
4: Part 1 

Day 14 
Build a 
Mountain 
Investigatio
n 4: Part 2 

Day 15 
Bird’s – 
Eye View 
Investigatio
n 5: Part 1 

Day 16 
Bird’s – Eye 
View 
Investigation 
5: Part 2 

Day 17 
Make-up 
Day 

Day 18 
Post test 

 
 

MN Science Standards: 
5.3.1.2 The surface of the Earth changes. Some changes are due to slow processes and some 
changes are due to rapid processes.               

5.3.1.2.1  Explain how, over time, rocks weather and combine with organic matter to form 
soil.                                5.3.1.2.2 Explain how slow processes, such as water erosion, and 
rapid processes, such as landslides and volcanic eruptions, form features of the Earth's 
surface 

5.1.1.1.4 Understand that different models can be used to represent natural phenomena and 
these models have limitations  

5.1.3.4.2 Create & Analyze different kinds of maps of the student's community and Minnesota	  	  	  	  	   

Figure 3.4. Overview of science unit. 
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 Science and Engineering Integrated Unit. Denise implemented an integrated 

science and engineering unit in her classroom during the 18-day science rotation from 

December to February. This science and engineering unit consisted of teaching lessons 

from the district-mandated FOSS Landforms science unit (described above) that have 

been integrated with the Engineering is Elementary (EiE) curricular unit titled A Stick in 

the Mud: Evaluating a Landscape, which was developed at the Museum of Science in 

Boston (www.eie.org). The FOSS Landforms unit addressed earth science concepts 

around erosion, and the EiE A Stick in the Mud unit introduced students to geotechnical 

engineering as they selected and recommended a site for building a TarPul (wire bridge) 

in a Nepalese village (Engineering is Elementary, 2008). The EiE curriculum integrates 

engineering with elementary science topics to increase children’s technological literacy 

and introduce elementary students and teachers to engineering, and it was designed to be 

taught in conjunction with a related science unit, as the curriculum does not explicitly 

teach science (www.eie.org). During this 18-day science and engineering unit, the same 

Minnesota Science Standards from the FOSS science unit (Figure 3.4) were addressed, in 

addition to the fourth grade science standards that addressed engineering (see Figure 3.5). 
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Integrated FOSS Landforms and EiE Stick in the Mud Unit (Trimester 2) 

Day 1 
Pre-test 

 

Day 2 
EiE, Lesson 
1 part 1 
(KWL & 
story to set 
context)  

Day 3 
EiE Lesson 
1 part 2 
(EDP intro, 
maps & 
factors) 

Day 4 
EiE Lesson 
2 (core 
sample, 
testing 
model sites) 

Day 5 
FOSS 
Stream 
Table Demo 
Investigatio
n 2: Part 1/2 

Day 6 
FOSS 
Stream 
Table Demo 
Investigatio
n 2: Part 3 

Day 7 
EiE Lesson 
3 part 1 
(river 
erosion) 

Day 8 
EiE Lesson 
3 part 2 
(Soil 
examination
) 

Day 9 
EiE Lesson 
3 part 2 
(Soil 
Compaction
) 

Day 10 
EiE Lesson 
4 (Intro, 
review, 
predict) 

Day 11 
EiE Lesson 
4 (Ask & 
Imagine) 

Day 12 
EiE Lesson 
4 (Plan & 
Create) 

Day 13 
EiE Lesson 
4 (Share & 
Improve) 

Day 14 
FOSS Build 
a Mountain 
Investigatio
n 4: Part 1 

Day 15 
FOSS Build 
a Mountain 
Investigatio
n 4: Part 1 

Day 16 
FOSS 
Bird’s – Eye 
View 
Investigatio
n 5: Part 1 

Day 17 
Make-up 
Day 

Day 18 
Post test 

 
 

MN Science Standards: Science Content 
5.3.1.2 The surface of the Earth changes. Some changes are due to slow processes and some 
changes are due to rapid processes.                

5.3.1.2.1  Explain how, over time, rocks weather and combine with organic matter to form 
soil.                                 5.3.1.2.2 Explain how slow processes, such as water erosion, and 
rapid processes, such as landslides and volcanic eruptions, form features of the Earth's 
surface 

5.1.1.1.4 Understand that different models can be used to represent natural phenomena and 
these models have limitations  
5.1.3.4.2 Create & Analyze different kinds of maps of the student's community and Minnesota	  	  	  	  
MN Science Standards: Engineering Content 
4.1.2.1. Engineers design, create and develop structures, processes and systems that are 
intended to improve society and may make humans more productive. 
4.1.2.2. Engineering design is the process of identifying problems, developing multiple 
solutions, selecting the best possible solution, and building the product. 

4.1.2.2.1 Identify and investigate a design solution and describe how it was used to solve 
an everyday problem. 
4.1.2.2.2 Generate ideas and possible constraints for solving a problem through 
engineering design. 
4.1.2.2.3 Test and evaluate solutions, considering advantages and disadvantages of the 
engineering solution, and communicate the results effectively.  

Figure 3.5. Overview of science and engineering unit. 
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  Nonfiction Reading Unit . The district reading curriculum followed A Curricular 

Plan for the K-8 Reading Workshop by Lucy Caulkins (2011) in partnership with the 

Reading and Writing Project housed at Teachers College, Columbia University 

(http://readingandwritingproject.com). Reading instruction followed a balanced literacy 

approach, which provided readers with a variety of opportunities to work with skills and 

whole language instruction during whole-class and small group instruction (Caulkins, 

2011; Pressley, 2006). A reader’s workshop model was used in each lesson beginning 

with a whole-class mini-lesson that introduced a skill or strategy before students 

practiced that skill or strategy while reading a teacher-assigned text in a small group. This 

means that the teachers were responsible for covering the monthly unit and related skills 

and strategies from the district scope and sequence, but they were free to select the 

specific reading materials that they wanted to use in their classroom. According to the 

scope and sequence provided in their curricular plan, the instructional focus for the 

months of December and January was nonfiction reading and research (See Figure 3.6).  

Month Unit 
September 1: Agency & Independence: 

October/November 2: Following Characters into Meaning 

December 3: Nonfiction Reading 

January 4: Nonfiction Research Projects 

February 5: Historical Fiction 

March 6: Interpretation Text sets 

April 7: Test Preparation 
May 8: Informational Writing 

June Unit 9: Fantasy Fiction 

Figure 3.6. Overview of the 5th grade monthly reading units from the Lucy Caulkins 
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Curricular Plan. 

 The science and engineering instruction took place during trimester two which 

stretched from December to February, and therefore the classrooms that received their 

science instruction in the second half of the trimester received special permission to 

switch their monthly instructional focus to accommodate this research study. This helped 

to ensure that all students were receiving their nonfiction reading instruction concurrently 

with their second trimester science instruction. However, the difference in reading 

instruction for the treatment and control condition was in the content focus of the 

nonfiction texts. In following with the district-adopted Lucy Calkins Curricular Plan, all 

of the fifth grade teachers were responsible for selecting the nonfiction texts that they 

used during their nonfiction reading and research units. The control classroom teachers 

selected a variety of science topics for the texts that they used during the nonfiction 

reading instruction. In contrast, the treatment group chose nonfiction science trade books 

that addressed the same content, landforms and erosion, which they were covering in 

their 18-day science rotation. The books were pre-selected by the researcher and in 

conjunction with the teacher from various children’s book award lists that recognize 

excellent nonfiction children’s books and highlight scientific accuracy as one of their 

award criteria. These award lists include: Robert F. Sibert Award (www.ala.org) that 

seeks outstanding informational books, Orbis Pictus Award (www.ncte.org) that honors 

outstanding nonfiction books and the Outstanding Science Trade Books 

(OSTB:www.nsta.org), which are identified through a collaboration with the National 

Science Teachers’ Association and the Children’s Book Council. There was one 
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exception to the award-winning criteria, which included the Weathering and Erosion by 

Delta Science. That book was used only because it had been recently purchased 

specifically for their team, and the teachers felt the need to use that book in their 

classrooms. It was agreed that the book would be used but only during whole group 

instruction. The instructional focus and book titles used during the nonfiction reading unit 

are presented in Figure 3.7.  

 Instructional 
Focus 

Whole Group Book 
Title 

Small Group Book 
Title(s) 

Week 1: Hybrid 
Non-Fiction 
Introduction to 
Landforms  

Introduction to 
Narrative, 
Expository and 
Hybrid Nonfiction 

Over the Rivers: An 
Aerial View of 
Geology (Michael 
Collier) 

The Top of The World: 
Climbing Mt. Everest 
(Steve Jenkins)   
The Drop in my Drink 
(Meredith Hooper) 

Week 2: 
Expository Non-
Fiction 
Erosion  

Determining 
Importance and 
synthesizing in 
Expository 
Nonfiction 

Weathering and 
Erosion (Delta 
Science) 

Erosion: How Land 
Forms, How it 
Changes (Darlene 
Stille) 

Week 3: 
Expository Non-
Fiction 
Natural Disasters  
and their effects 
 

Readers share as 
experts with 
partners and 
groups (Sharing 
of expertise) 

Forces of Nature: The 
Awesome Power of 
Volcanoes, 
Earthquakes & 
Tornadoes (Catherine 
O’Neill Grace) 

Seymour Simon 
books: Volcanoes, 
Earthquakes, 
Tornadoes, 
Hurricanes, Lightning 
Icebergs & Glaciers,  

Week 4:  
Narrative Non-
Fiction 
Scientists who 
study the 
Land/Weather   

Reading Narrative 
Nonfiction 

Scientists in the Field 
Series: Tracking 
Trash – ocean motion 
(Loree Griffin Burns) 

Scientists in the Field 
–Extreme Scientists 
(Donna M. Jackson) 

Figure 3.7. Nonfiction science content books used in the treatment classrooms 

Data Collection 

  As part of this mixed methods design, quantitative and qualitative data sources 

were collected simultaneously throughout this study to measure the effects of an 
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integrated literature, science, and engineering unit on student learning. The data was 

collected over a three-month period during the second trimester from December to March 

(See Figure 3.3 above). The data that was collected included: a) pre/post content 

assessment in science, engineering, and reading, b) classroom artifacts and c) student 

interviews. The classroom artifact data included students’ science notebooks, classroom 

posters, student presentations, and teacher lesson plans. Each of these data sources and 

the methods of collection are presented in Table 3.2 and described in detail in the 

following sections. The various quantitative and qualitative data sources were collected 

and analyzed separately. The results were then merged and used to support or refute 

claims as part of the overall interpretation.  

Table 3.2.  

Data Sources and Dates of Collection 

Research 
Question Data Source Details Collection Dates 

RQ 1 Pre/Post Science 
Content Assessment 

FOSS Landforms Unit 
Assessment  
(www.fossweb.com) 

Pre: 12/3/12 
Post: 1/4/13 (control) 
          2/3/13 (treatment) 

RQ 2 Pre/Post Science & 
Engineering Content 
Assessment 

Science: FOSS Landforms 
Engineering: EiE Stick in 
the Mud Unit Assessment  

Pre: 12/3/12 
Post: 2/3/13 (treatment) 
          3/4/13 (control) 

RQ 1 & 2 Pre/Post Reading 
Content Assessment 

Teacher-developed 
Reading Comprehension 
and Vocabulary 
Assessment 

Pre: 12/10/12 
Post: 2/21/13 

RQ 1 & 2 Classroom Artifacts Student Science 
Notebooks collected after 
the completion of 
instruction 

January – March 2013 

RQ 1 & 2 Student Interviews Semi-structured post 
interviews with 3 students 
from each classroom 

January – March 2013 
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 Pre/Post Content Assessments. To measure student learning, the teachers 

administered a pre and post assessment before and after instruction in each of the content 

areas: science, engineering, and reading,. The science content assessment, which 

measured student learning in science, included a commercially prepared pre/post 

assessment of science content knowledge that accompanied the FOSS Landforms 

curricular unit that was implemented in each classroom (www.fossweb.com). This 

science content assessment contained both multiple choice and short answer response 

questions. As this was an assessment of science content, each of the teachers read the test 

questions aloud to the class to reduce the influence of reading ability on students’ science 

test scores. The same science content assessment was given to all fifth grade students, 

regardless of the treatment condition. The pre-assessment for the science and engineering 

content was administered on the same date for all fifth grade students, which was before 

the first day of instruction, and the same assessment was administered as a post 

assessment on the last day of instruction.  

 For the classrooms that participated in the integrated science and engineering unit, 

the science content assessment was the same as described above, but there was an 

additional section of the pre/post assessment that came from the published EiE Stick in 

the Mud curriculum (www.eie.org). This additional pre/post assessment was initially 

intended to be used as a measure of students’ engineering content knowledge, however, 

due to unforeseen instructional decisions made by the teacher, it was altered prior to the 

study and determined to be a better measure of integrated science and engineering 

content rather than engineering. A more detailed discussion regarding the changes to this 
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assessment will be presented in the limitations section. Since the engineering pre-

assessment was included as an additional section of the science content assessment, it 

was administered on the same days as the science content assessment before and 

following the instruction. 

 The reading pre and post content assessment was a teacher-developed reading 

assessment that measured students’ learning in the areas of reading comprehension and 

vocabulary. This pre/post assessment included a short non-fiction passage followed by a 

series of questions focusing on comprehension and vocabulary. While the pre and post 

assessment included slightly different nonfiction text selections, the passages were 

excerpts from the same larger text and included the same types of questions focusing on 

the same comprehension strategies and vocabulary in both assessments. The reading 

content pre- assessment was administered in December during the first week of 

instruction and on the same day for all students and the post assessment was administered 

in February following the completion of all nonfiction reading and research units. 

 Classroom Artifacts. In the school district where this research study took place, 

the administration recently adopted the district-wide use of science notebooks. Therefore, 

both Denise and Holly implemented the use of science notebooks in their classrooms 

during their science instruction. Students’ individual science notebooks were collected at 

the end of the science unit and provided documentation of individual student learning as 

well as the types of instructional activities provided to students during instruction 

(Aschbacher & Alonzo, 2006). In addition to these student artifacts, several teacher 

artifacts were collected including SMART board lessons, teacher lesson plans, the district 
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scope and sequence for science and reading, and various photographs of classroom walls 

and bulletin boards during instruction. The teacher artifacts provided additional 

documentation regarding the construction and delivery of the instructional units.  

 Interviews. Post interviews were conducted with three students from each 

classroom, for a total of 12 student interviews. These semi-structured interviews were 

approximately ten minutes long and were conducted in the week following the 

completion of the science or science and engineering unit. The three students were 

selected to represent similar students from each of the four classrooms as determined by 

their performance on the science content post assessment. These interviews were 

conducted individually and followed the same prepared questions and semi-structured 

format for each student. The intent of the interview was to allow students to reflect on the 

activities and their learning in the science unit that they had just completed. See 

Appendix A for the semi – structured student interview protocol.  

Data Analysis 

  In this embedded mixed methods design, the quantitative and qualitative data is 

analyzed separately before combining the findings from each strand during the final 

interpretation (Creswell & Plano Clark, 2011). The quantitative data were analyzed 

through descriptive statistics and ANCOVA statistical analysis using the SPSS statistical 

program (www.ibm.com) version 21. The qualitative data were analyzed by assigning 

codes and using a variety of coding schemes, some pre-determined while others 

following a more open-coding process, to identify patterns, similarities, and differences 

in the data which led to collapsing the codes to larger more encompassing categories and 
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finally into themes (Miles et al., 2014). A summary of the types of data collected and the 

analytical tool for each data source is represented in Table 3.3 below and explained in 

further detail in this section. 

Table 3.3  

Matrix for Data Analysis 

Content Data Collection Tool Analytical Tool Timeline 
Science, 
Sci/Engr 

Pre/Post Content 
Assessment 

ANCOVA Pre:12/3/2012 
Post: 1/4/13 (control) 
          2/3/13 (treatment) 

Sci/Engr Pre/Post Content 
Assessment 

ANCOVA Pre:12/3/2012 
Post: 2/3/13 (treatment) 
          3/4/13 (control) 

Reading Pre/Post Content 
Assessment 

ANCOVA Pre:12/10/2012 
Post: 2/21/13 

Science, 
Sci/Engr 

Science Notebooks  Content Analysis, 
with pre-determined 
rubric for coding 

Dec - Mar 

Science, 
Sci/Engr 

Semi-Structured 
Interview Protocol 

Open-coding Dec  - Mar 

  

 Pre/Post Content Assessment. The three pre/post content assessments for each 

of the content areas, science, engineering, and reading, were individually scored by the 

researcher. Both the science content assessment (www.fossweb.com) and the engineering 

content assessment (www.eie.org) used for this study were from commercially developed 

and field-tested curriculum units, which included answer and scoring guides that 

accompanied the assessments. Therefore, the scoring of these two assessments followed 

the criteria outlined in those published scoring guides. An example of the individual 

scoring according to the scoring guide for the science content assessment is provided in 

Figure 3.8 Below: (See Appendix B for details). 
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Figure 3.8 Example of the FOSS Pre/post science content assessment and scoring guide. 
 

An example from the scoring of the engineering content assessment from the EIE A Stick 

in the Mud curriculum is presented  in Figure 3.9 below:  (See Appendix C for details). 
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Figure 3.9 Example of the EiE Pre/post integrated science and engineering content 
assessment and answer key. 
  

The reading content assessment was not part of a commercially developed program, and 

therefore, a scoring guide did not exist for this assessment. The scoring followed a 

process that was outlined and tested as part of reading comprehension research done 

through the Center for the Improvement of Early Reading Achievement (CIERA; Taylor, 

Garcia, & Pearson, 2007), where the assessments were scored on a scale of 0-18, and 

each question was assigned a value of 0, 1, or 2 depending on the extent to which the 

student gave a complete answer. An example of the scoring rubric that was used to assign 

the value for each question is presented in Table 3.4 along with scoring examples for a 

comprehension question. See Appendix D for details and the reading assessment.  
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Table 3.4  

Reading Assessment Scoring Rubric with Scoring Examples from a Question Asking 

about Identifying the Main Idea 

Score Criteria and Examples 
0 Off track, vague. Does not answer the question. 
 Example: No main idea or details included in answer 

1 Partially Correct. The answer is on the right track, gives part of answer. 
 Example: Answer is getting at part of the main idea or some details.  

2 Correct and complete answer.  
 Example: Answer presents correct main ideas and multiple details. 

 

 Due to the fact that the reading content assessment was not scored according to a 

commercially-developed scoring rubric that has been previously assessed for reliability 

and validity, a portion of the pre and post test assessments were scored by a second coder 

to help ensure the reliability and validity of the reading assessment scores. Since the pre 

and post assessments were comparable, but different assessments, 10% of the student 

assessments from the pretest and 10% of the student assessments were randomly selected 

for the coding by the second coder. The interrater reliability for the two coders using the 

scoring rubric described in Table 3.5 above for the pre and posttest was α =.828 

(Krippendorf, 2013).  

 Following the individual scoring of the content assessments, each content area 

was analyzed through statistical analysis to examine the effects on student’s content area 

learning after participation in the 18-day instructional unit as measured by their scores on 

the pre/post content assessments in the areas of science, engineering and reading. In 
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addition to examining the descriptive statistics for each of the pre/post content 

assessments, a one-way ANCOVA (Analysis of Co-Variance) test was conducted in 

order to compare the student posttest scores between each of the conditions while 

controlling for any pre-test differences. An ANCOVA test was used in order to 

statistically reduce some of the uncontrolled variability in the posttest scores while 

preserving the differences between the groups by removing the effects of the portion of 

the uncontrolled variation that is represented by the covariate, which in this case is the 

pretest score. With this quasi-experimental design, the pretest variability of the students 

can not be controlled for in the research design, and therefore the ANCOVA test allows 

the dependent variable, or posttest scores, to be statistically adjusted in order to control 

for this pretest variability. An alpha level of α = 0.05 was used to determine statistical 

significance and α = 0.10 was used to signify moderate significance. Additionally, effect 

sizes were calculated for each of those statistical tests in order to provide a relative size of 

any group differences that were reported.  

  Classroom Artifacts. Students’ individual science notebooks were collected at 

the end of instruction and used as measure of student learning in science and engineering 

content (Aschbacher & Alonzo, 2006). The notebook analysis was conducted at the 

individual level, where each notebook was analyzed using a content analysis 

(Krippendorff, 2013), which allowed the content of the text to be systematically and 

critically examined and compared between the control and treatment conditions. The 

analysis of the individual science notebooks helped to provide evidence of student 

learning throughout the unit (Ruiz- Primo, Li, Ayala & Shavelson, 2004). A Student 
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Understanding Rubric, which uses selected lessons to measure students’ conceptual 

understanding of pre-determined central concepts (Aschbacher & Alonzo, 2006), was 

developed and used to help guide the content analysis by identifying and measuring 

evidence of students’ conceptual understanding of the pre-determined central concepts 

from this science unit. The central concepts used for the Student Understanding Rubrics 

were developed using content and assessment objectives from the curriculum units and in 

addition to the state science standards that were being addressed throughout this science 

unit. See Appendix E for the Student Understanding Rubrics used for each lesson.  

  For the science content, the central concept was erosion, and in order to address 

this central concept, the rubric was divided into smaller sub-ideas that were incorporated 

into the Student Understanding Rubric and were assigned a point if the notebook entry 

contained evidence of these smaller sub-ideas through drawing or text. For example, 

when assessing student understanding of the central concept of erosion, one of the sub-

ideas the rubric measures is whether the notebook entry provided evidence of 

understanding that erosion can cause the formation of landforms. While this sub-idea was 

not intended to represent a complete understanding of the central concept of erosion, it 

identified one of the smaller sub-ideas that was used to assess understanding of the larger 

concept of erosion. The lessons that were selected for the notebook analysis of the 

erosion central concept came from the FOSS Investigation 2, Stream Tables, and 

Investigation 3, Go with the Flow. The lessons from Investigation 2, included student 

notebook entries from the stream table experiment, where students’ setup and run water 

through a stream table in order to observe the processes of erosion and deposition 
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(www.fossweb.com). The lessons from Investigation 3, included evidence from students’ 

continued work with the stream tables as they and studied the effects that different 

variables had on erosion and deposition. 

  The content analysis for engineering was measured using two different student 

understanding rubrics that were developed in order to rate students’ conceptual 

understanding of the central concepts of engineering and engineering design. Similar to 

the science rubric, the engineering rubrics were also based on the standards and content 

and assessment objectives from the unit and were divided into smaller sub-ideas that 

related to the overarching central concepts of engineering and engineering design. The 

three students notebook entries that were selected for analysis of the two central concepts 

came from the final lesson of the EiE curriculum, titled Evaluating a Landscape, in which 

the students are participating in an engineering design challenge. These three entries 

included the preliminary design recommendations activity in which students were asked 

to consider different considerations for their Tarpul, the engineering design entry in 

which they completed the steps of their engineering design process, and the final 

engineering report in which they reported their findings and recommendations to the 

village elders. 

  One of the components of each of the Student Understanding Rubrics included 

students’ identification and correct use of science and engineering vocabulary that was 

introduced through their science or integrated science and engineering unit. The 

vocabulary component of the rubric awarded one point for each new vocabulary word 

that was correctly used within a students’ science notebook entry. For example, in the 
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following student entries both students correctly referenced the concept of erosion, or that 

the water was displacing the earth material.  

Student 1: The sand and clay started to roll down and fall away with 
the standard flow. 
 

Student 2: The sand is eroding and the water is spreading out as it is 
carving a line and making a river in the sand. 
 

Even though both students received a point for the erosion sub-idea that water can move 

earth materials, only Student 2 correctly used the science vocabulary, erosion, and 

therefore only Student 2 was awarded a point for vocabulary use for this entry. 

Additionally, the incorrect or unclear use of science vocabulary was not assigned a point 

for the vocabulary component of the rubric. For example, one student mentioned “the 

water made a lake at the top of the canyon.” From this student’s diagram and written 

explanation it was unclear as to if this student had an understanding of the word canyon, 

because the definition of canyon presented in class was a “v-shaped valley eroded by a 

river”. Due to this uncertainty, a point for vocabulary was not awarded to this entry. The 

vocabulary component from the Student Understanding Rubric helped to identify and 

measure if students were able to use and apply content area vocabulary in their science 

notebook entries.  

  To help ensure the accuracy and reliability of the scoring of the student 

notebooks, a subset of three science notebooks from each of the four selected central 

concepts were scored by an additional rater using the Student Understanding Rubrics that 

were developed for each of the central concepts. The interrater reliability for each of the 

selected lessons is presented in Table 3.5 below. 
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Table 3.5 Interrater reliability values for the scoring of each of the selected science 
notebook entries 

Notebook Lesson α 
Erosion (Science) 0.853 
Preliminary Recommendations (Engineering) 0.840 
Engineering Design (Engineering) 0.808 
Final Report (Engineering) 0.865 
Note. α = Krippendorff’s alpha 
 

In addition to the content analysis of the selected student notebook entries using 

the Student Understanding Rubric, the students’ evidence of the central concepts was 

coded using Nvivo 10 qualitative data analysis software. This allowed for a qualitative 

analysis of the student notebook data through the categorizing and comparing of this data 

as evidence of students’ science learning. The themes and patterns that emerged from the 

qualitative notebook data was used as additional evidence for some of the differences 

revealed through the rubric scores and provided a more detailed description in terms of 

what the students in each of the groups were learning during this unit. 

Interviews. The student interviews were recorded and transcribed before being 

coded using NVivo 10 qualitative data analysis software,  (www.qsr.com). The coding 

followed a process of constant comparative analysis, as suggested by Corbin and Strauss 

(2008), that started with an combination of pre-determined and open coding process of 

comparing, conceptualizing, and categorizing the data in order to identify any emerging 

patterns or relationships within the interview data. The use of pre-determined and open 

coding allowed new codes to emerge as well as looking for evidence of the pre-

determined concept codes, which matched with science concepts from curriculum and 

assessment objectives (Miles et al., 2014). The pre-determined codes for science learning 
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included the following concepts from the standards and curriculum objectives: landforms, 

erosion, stream tables, models, and maps. The pre-determined codes for engineering 

learning included: engineering design process, design challenge, and geotechnical 

engineering. This initial cycle of coding included reviewing and assigning chunks of data 

from the student interview transcripts according to references that were made to either the 

pre-determined concept codes or any new concept codes that emerged. The example 

presented below illustrates a student reference that was assigned to the pre-determined 

code, erosion, due to the fact that the student is referencing the concept of erosion along 

with an explanation of a condition where there is more of this concept of erosion 

occurring: 

Student C: I learned that in some conditions erosion happens faster, like if 
there is a slope then the water slides down faster and creates 
more erosion. 
 

 

As mentioned above, there were also student references that did not fit with the pre-

determined concept codes identified by content objects and the following example 

highlights one of these scenarios when a student in referencing why they liked this unit:  

Student B: Because we got to do a lot of different experiments and see 
what is sturdier for the Tarpul and where it is safe for the 
Tarpul. 
 

 

In the case of the above example, a new concept code for engineering titled safety was 

created in order to capture the recognition by this student that the safety of the Tarpul was 

important. Additionally, since these initial codes are more than just a frequency count of 
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the number of references to the pre-determined codes or science vocabulary, student 

references that did not mention the exact words used in the concept codes but addressed 

the underlying concept were also assigned to that concept code. This emphasis placed on 

the science and engineering concepts identified in the interviews and went a step further 

than a frequency count of vocabulary and allowed for the chunking of references that 

students made to their ideas and learning about bigger science and engineering concepts 

from the unit. For example, one student made the following reference: 

 

Control Student C 
(Science condition): 

We also learned about how the water flows in, like 
landscapes, different landscapes and how some of them are 
made. 
 

 

Even though the student doesn’t use the word “landform” in the above reference, the 

student was getting at the concept that the surface of the earth has different features and 

this reference was therefore assigned to the landforms code. This helped to move the 

analysis past a count of science vocabulary and allowed for the students’ vocabulary 

references to be used as a proxy for understanding of science concepts. 

 Following the initial cycle of coding, a second cycle was initiated in order to review 

and further analyze the concept codes identified in in the initial coding to determine if 

modifications to these codes should be made (Corbin & Strauss, 2008; Miles, Huberman, 

& Saldana, 2014). This allowed for modifications such as the combining of multiple 

codes if there were similar or overlapping references, or the division of codes into 

multiple sub-codes if there was a need to provide more clarity between references. 
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Additionally, if any of the pre-determined codes were not applicable or seen in the 

interview data, then they could be removed from the analysis. A third cycle of coding 

included further analysis of the data and concept codes to identify any patterns in the data 

with special attention to the similarities and differences in the references made by the 

control and treatment students (Corbin & Strauss, 2008). This interview analysis and the 

identification of science and engineering concepts from the student interview data 

provided additional evidence of student learning in science and engineering through 

verbal explanations and reflections made by the students regarding their own learning.  

Issues of Validity and Reliability  

 This section will discuss how the issues of validity and reliability were addressed 

within this study and study design. Within a mixed methods approach, the traditional 

approach in terms addressing issues of validity and reliability is to frame the discussion 

about each from a quantitative perspective and then from a qualitative perspective, or 

vice-versa, but not to mix the two (Tashakkori & Teddlie, 1998). This approach 

recognizes that while validity and reliability differ in quantitative and qualitative 

research, they are both important to achieving rigor in mixed methods designs (Creswell 

& Plano Clark, 2011). The following subsections will present how validity and reliability 

were achieved within the quantitative and qualitative strands of this mixed methods 

study.  

 Issues of validity. While validity has referred to different approaches that are 

taken within qualitative and quantitative studies, in both cases validity serves the purpose 

of checking on the quality of the data, the results, and the interpretation (Creswell & 
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Plano Clark, 2011). Quantitative validity refers to the point that the scores that are 

received from the participants are meaningful indicators of the constructs that are being 

measured (Creswell & Plano Clark, 2011). Whereas, qualitative validity refers to the 

“trustworthiness” of the study or the extent to which the information obtained through 

data collection is accurate (Creswell, 2007; Lincoln and Guba, 1985).  

 In the case of this particular study, quantitative validity was achieved through the 

pre/post content assessments that were measuring student learning in each of the three 

disciplines. To achieve content validity on the student learning instruments, both the 

science and engineering content assessments used in this study came from commercially-

developed assessments that had been previously tested for reliability and validity by the 

companies publishing them (www.fossweb.org; www.eieorg/research) prior to use in this 

study. While a commercially-developed assessment was not used to measure reading 

learning, the assessment was designed and scored based on research work completed as 

part of the CIERA project (Taylor, Garcia, & Pearson, 2007). Additional measures of 

quantitative validity were achieved through the study design with the study being 

conducted across the same grade level at one elementary school and with the teacher 

serving as their own control and treatment to reduce within group variation. The 

qualitative validity of this study was achieved through triangulation of the multiple types 

of and methods for collecting qualitative data that were employed in this study and 

included student notebooks, and student interviews by the researcher in the field. The 

triangulation allowed for the patterns and inferences in regards to student learning that 

were seen in the notebook analysis to be checked against the patterns and inferences from 
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the student interviews to help ensure the validity of those findings. Another validation 

strategy that was employed for the qualitative strand of the study included the peer-

review of student notebook entries by graduate students in the area of science and 

engineering education. 

 Issues of reliability. Reliability also has different meanings in quantitative and 

qualitative research with a stronger emphasis in quantitative research and generally refers 

to the extent to which scores or measures are consistent and dependable (Creswell & 

Plano Clark, 2011). In the quantitative strand of this study, reliability of the science and 

engineering content assessments was achieved through the use of commercially-

developed instruments where the reliability of the questions and scores had been 

established prior to this study by the companies releasing these instruments. Additionally, 

there was an answer key and scoring guide that accompanied the science and the 

engineering assessments that were used by the researcher to ensure reliability in the 

scores that were being assigned. The reliability of the scoring of reading content 

assessment was established through the use of a second scorer to assess 10% of the pre 

assessments and 10% of the post assessments to a minimum agreement level of 0.80 or 

80% agreement. The reliability of the qualitative data was achieved through the use of 

interrater agreement on the scoring and content analysis of the student notebook entries 

with the Student Understanding Rubric and peer-review of the coding of student 

interviews. The two raters were trained using the Student Understanding Rubric for the 

content analysis of each of the lessons until a minimum interrater agreement using 

Krippendorff’s alpha (α	  =	  .80).	  A subset of each of the student notebook entries that were 
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assessed through content analysis using a Student Understanding Rubric were then scored 

independently by two different coders and also reached a minimum interrater agreement 

using Krippendorff’s alpha (α	  =	  .80). 

Limitations 

 There are several limitations to this study that need to be acknowledged and, 

when possible, a description of what measures were taken to address these limitations are 

discussed. The first three limitations are related to the structure, design, and organization 

of the study. First, due to the nature of the departmentalization of their science 

instruction, the only way for the nonfiction earth science literature unit to be provided by 

the same teacher who was delivering the science instruction was to have the treatment 

condition occur in the homeroom of the science teacher. This meant that there was a 

potential that the science instruction was different for the treatment due to the fact that 

the teachers were teaching their own students. To diminish this issue, the collection and 

assessment of student notebook data were used to help to identify any possible 

differences in the implementation of the science, and science/engineering instruction 

between the control and treatment classrooms. Second, since this study took place in an 

elementary school setting, there was no way to randomly assign students or classrooms to 

different conditions, which resulted in a quasi-experimental design for this study. 

Additionally, this means that there is no way to know for sure if the treatment and control 

groups are equivalent but measures were taken to show they are comparable (same 

school, grade level, pre-test scores). Statistical measures were also taken using an 

ANCOVA test to statistically reduce some of the uncontrolled variability in the prettest 
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scores while preserving the differences between the groups. 

 The remaining limitations apply more directly to the measures of student learning 

that were used in this study. The fourth limitation is related to the unforeseen changes 

that were due to teacher requests for a shortening of the pre/post assessments due to time 

limitations, which ended up in the removal of a large section of the engineering content 

from the engineering assessment and therefore resulted in that assessment being a better 

measure of integrated science and engineering rather than engineering only. The fifth 

limitation also relates to the student learning in engineering, and includes the point that 

all of the students had engineering in the previous science units and so it was not possible 

to measure their baseline knowledge about engineering before their integrated science 

and engineering instruction. While a pre/post engineering assessment was given before 

and after instruction to measure student gains, their previous experience with general 

engineering concepts, like engineering design, was likely to have impacted their 

performance in regards to engineering content. This made it more difficult to attribute 

specific engineering learning to their participation in this unit. The final limitation in 

regards to this study is the fact that there was not a commercially developed and tested 

instrument for measuring student learning in reading, and this resulted in comparable but 

slightly different versions of the reading content to be administered for the pre and post 

test, which could have affected the outcomes for student learning in reading. 
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Chapter 4 Results 

The data analysis and findings presented in this chapter address the following 

research questions: 

1. How does the integration of nonfiction literature with science affect student 

learning in science and reading? 

2. How does the integration of nonfiction literature with science and engineering 

affect student learning in science, engineering, and reading?  

As described in Chapter 3, several forms of data were collected for this mixed methods 

study including: pre/post content assessments, individual students’ science notebooks, 

student interviews, classroom observations, and classroom artifacts. These data were 

analyzed through different forms of quantitative and qualitative analysis, which will be 

presented in this chapter. The chapter is organized around the major findings that 

emerged through the quantitative and qualitative analysis, which include the following: 1) 

student learning in science, 2) students’ use of science language, 3) student learning in 

engineering, and 4) student learning in reading. Following the analysis and findings from 

those five major areas, the findings related to each research question will be presented. 

This organization is designed to facilitate an understanding of the effects of integration 

on student learning in each of those areas as well as a more holistic picture of the findings 

relating to the research questions. 

Student Learning in Science  

Student learning in science was measured using a combination of quantitative and 

qualitative data sources, which included a pretest-posttest science content assessment, 
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individual students’ science notebooks, and semi-structured student interviews. The 

results from each of these data sources will be described in the section below to provide a 

picture of the effects of an integrated nonfiction science trade books unit on student 

learning in science. It is important to note that as previously mentioned in Chapter 3, the 

fifth grade teachers departmentalized for their science and social studies instruction so 

that only two of the four teachers, Holly and Denise, were responsible for teaching the 

science instruction and each teacher taught two sections. Therefore, the four fifth grade 

classrooms that participated in this study were divided into two groups, which were 

assigned based on which of the two science teachers they had for their instruction. These 

two groups were titled science condition for Holly and engineering condition for Denise, 

and referred to whether they participated in the FOSS Landforms science unit 

(www.fossweb.com) or the FOSS Landforms and EIE Stick in the Mud (www.eie.org) 

integrated science and engineering unit. See Chapter 3 for more detailed descriptions of 

these conditions and the research design. Both classes addressed the same science content 

standards over their 18-day instructional unit and teachers in both conditions 

implemented science notebooks and administered the same pre/post science content 

assessment. Therefore, student learning in science could be assessed across both 

conditions and all four classrooms by analyzing the same three data sources mentioned 

above, content assessments, science notebooks, and student interviews in both the science 

and engineering conditions and the analysis and findings from these data sources will be 

presented in the following section. 
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Science content assessment. The first of the three measures of students’ science 

learning is quantitative and consisted of student performance on a pre/post science 

content assessment that accompanied the district-adopted FOSS science curriculum unit 

(www.fossweb.com) that was implemented in both the science and engineering 

conditions in all four classrooms. As described in Chapter 3, the assessment was orally 

administered by the science teacher and given to each student before the first day and on 

the last day of the science instructional unit. Table 4.1 presents the pre and posttest means 

for all four classrooms on the FOSS science content assessment. In both the science and 

engineering conditions the treatment classrooms had higher posttest mean scores than the 

control classrooms suggesting that the treatment classrooms did better than the control 

classrooms on the FOSS science content assessment. 

Table 4.1.  

Mean Scores for FOSS science content assessment 

 
 Science Condition  Engineering Condition 

 Control 
(n=27) 

Treatment 
(n=27) 

 Control 
(n=26) 

Treatment 
(n=24) 

Pretest 18.04 (56%) 17.33 (54%)  16.69 (52%) 17.38 (54%) 

Posttest 22.48 (70%) 23.63 (74%)  21.69 (68%) 22.29 (70%) 

 
 

In order to compare the control and treatment classrooms and determine if mean 

differences exist between these two groups a one-way ANCOVA test was conducted. An 

ANCOVA test was used in order to statistically reduce some of the uncontrolled 

variability in the posttest scores while preserving the differences between the groups by 
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removing the effects of the portion of the uncontrolled variation that is represented by the 

covariate, which in this case is the pretest score. With this quasi-experimental design, the 

pretest variability of the students can not be controlled for in the research design, and 

therefore the ANCOVA test allows the dependent variable, or posttest scores, to be 

statistically adjusted in order to control for this pretest variability. This is important 

because it controls for the differences in pretest variability and thus reduces the chances 

that any significant group differences would be confounded with the effect of the pretest 

variability, or covariate.  

For the science condition, the two classrooms had similar pretest mean scores 

with the control performing slightly better than the treatment with a mean score of 18.04 

and 17.33 for the control and treatment respectively (see Table 4.1 above). However, 

when looking at the posttest means scores, the treatment students scored slightly higher 

with mean scores of 22.48 for the control and 23.63 for the treatment. The results of the 

ANCOVA for the science content assessment were significantly different, F(2, 51) = 

4.03, p = 0.04, suggesting that when controlling for the pretest scores there is likely a 

significant difference between these groups with the treatment outperforming the control. 

The effect size was calculated in order to provide an estimate of the relative size of the 

difference between the two groups and to estimate the amount of variation that is 

accounted for by the treatment. There was found to be a medium effect size, f = 0.281 

between the control and treatment groups, which signifies that there was a moderate 

difference between the two groups (Cohen, 1988). Additionally, 7.3% of the variation 
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between the treatment and the control classrooms can be explained by the treatment 

condition, which in this case is the integrated nonfiction science reading instruction.  

 When looking at student performance on the science content assessment for those 

students in the engineering condition, the results of the ANCOVA test resulted in a 

different outcome, then for those students in the science condition. For the students in the 

engineering condition, the treatment students scored slightly higher than the control 

students with a posttest mean score of 21.69 for the control and 22.29 for the treatment. 

This was similar to the science condition with the treatment students performing slightly 

better, however, the results from the ANCOVA test were not found to be statistically 

significant. This suggests that, even though the treatment students in the engineering 

condition had a higher posttest score and slightly larger change score when controlling 

for the pretest variability, there was not a significant difference between the two groups. 

Therefore, these results for the engineering condition suggest that the addition of the 

integrated nonfiction science reading unit did not have a significant effect on pre and 

posttest science content assessment performance.  

Science notebooks. The second measure of student learning in science consisted 

of individual students’ science notebooks, and these qualitative data sources allowed 

students to demonstrate an understanding of science content through their performance 

on science notebook tasks. This measure of student learning was in addition to the 

quantitative pretest/posttest content assessment measures that were reported in the 

previous subsection. This use of multiple types of data provided a more detailed and 
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holistic explanation of the impact of the integrated nonfiction science trade books on 

student learning in science.  

A content analysis (Krippendorf, 2013) was used to systematically analyze the 

students’ science notebooks in order to identify patterns and make replicable and valid 

inferences from these text materials. Using a content analysis, the science notebooks were 

analyzed and used as evidence of student understanding of science concepts as suggested 

by Ascherbacher and Alonzo (2006). To help guide the content analysis of the science 

notebooks, a Student Understanding Rubric (Ascherbacher & Alonzo, 2006) was 

developed in order to identify and measure evidence of students’ conceptual 

understanding of the pre-determined central concepts from this science unit. The central 

concepts used for the Student Understanding Rubrics were developed using content and 

assessment objectives from the curriculum units and in addition to the state science 

standards that were being addressed throughout this science unit. Three big ideas from 

the FOSS curricular unit objectives included: models, maps, and erosion. These three big 

ideas are also part of the fifth grade state science standards. However, the district science 

committee chose to address the standards-based concept of models through the FOSS 

Models and Designs curricular unit, and decided to place those standards as part of a 

separate science unit. Therefore, the focus of this unit for the fifth grade teachers within 

this school district was on the concepts and standards addressing erosion and maps. The 

focus on those two concepts was also reflected in the district-adopted end-of-unit 

assessment (see Appendix B), which was used as the pre and post content assessment 

described in the previous section. In following the design of a notebook assessment tool, 
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suggested by Ascherbacher & Alonzo (2006), it was determined that erosion and maps 

would be the two pre-determined central concepts because these two big ideas were 

responsible for guiding student learning of the unit objectives and state science standards 

for this unit. These two central concepts would therefore be used for the development of 

the Student Understanding Rubrics and assessment of student learning in the science 

notebook analysis. 

Due to the nature of the organization and use of these science notebooks as a 

collection of all pieces of student work during science instruction, not all lessons are 

suitable for measuring individual student learning of specific concepts. For example, if 

students were asked to copy new science vocabulary into their science notebooks, then 

that activity would be a better measure of students’ ability to copy words into their 

notebook than as a measure of science understanding of a specific concept. Therefore, 

specific lessons were selected by the researcher who made sure that the selected entries 

were about students’ understanding not the copying of vocabulary and used to look for 

evidence of students’ understanding of the pre-determined central concepts of erosion 

and maps in students’ science notebooks. These selected lessons were assessed using the 

Student Understanding Rubrics for these two central concepts. The rubrics were focused 

around student understanding of the two central concepts, and in order to assess these 

larger ideas of erosion and maps the central concepts were divided into a series of small 

sub-ideas. These sub-ideas were used in the Student Understanding Rubric and were 

assigned a point if the notebook entry contained evidence of these smaller sub-ideas 

through drawing or text. For example, when assessing student understanding of the 
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central concept of erosion, one of the sub-ideas the rubric measures is whether the 

notebook entry provided evidence of understanding that erosion can cause the formation 

of landforms. While this sub-idea is not intended to represent a complete understanding 

of the central concept of erosion, it identifies one of the smaller ideas that can be used to 

assess understanding of the larger concept of erosion. 

 
Central Concept: Erosion 

FOSS Investigation #2, Stream Tables and Investigation #3, Go with the Flow 

Points Criteria (Evidence of….) 
1 Understanding that water shapes land/ "sand" in stream table (can be from 

description or obs. diagram) 

1 Understanding that water can move earth materials (can be from 
description or obs. diagram) 

1 Understanding how flood/increased water affects erosion/deposition 
1 Understanding how slope affects erosion/deposition 
2 Correct use of erosion vocabulary (1 pt./word, up to 2 possible points): 

erosion, deposition, sediment 
1 Understanding that erosion can create landforms 

1 Understanding that deposition can create landforms 

1-2 Correct identification of landforms resulting from water erosion/deposition 
(1 pt./ use of landform name up to 2 points) 

1 Clay/smaller materials travel further  

1-2 From diagram – identification of water erosion. (Additional point if 
correctly labeled diagram with earth materials and/or landforms) 

 Total: 13 points 
Figure 4.1 Student Understanding Rubric for the conceptual understanding of erosion. 

Modified from Ascherbacher & Alonzo (2006) 
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The first of the central concepts that was identified for this science unit was 

erosion, and the selected lessons that were used as evidence of understanding of erosion 

came from the FOSS Investigation 2, Stream Tables, and Investigation 3, Go with the 

Flow. The lessons from Investigation 2, included student notebook entries from the 

stream table experiment, where students’ setup and run water through a stream table in 

order to observe the processes of erosion and deposition (www.fossweb.com). Evidence 

was also pulled from students’ continued work with the stream tables and studying 

variables that affect erosion and deposition in Investigation 3. Figure 4.1 (above) presents 

the Student Understanding Rubric for Erosion and the sub-ideas that were used to 

determine students’ conceptual understanding of erosion. Within the central concept of 

erosion, there were 13 sub-ideas related to erosion that were identified as contributing to 

the larger conceptual understanding of erosion. Students’ notebook entries from the 

selected lessons within Investigation 2 and 3 were then scored and assigned a point for 

each of the sub-ideas that were addressed through drawings or text. This meant that there 

were 13 possible points that could be awarded for the erosion rubric and that overall 

score was used to determine student understanding of erosion.  

The second central concept for this science unit is Maps, and the selected lessons 

for this central concepts came from Investigation 4 of the FOSS curriculum, titled Build a 

Mountain, which introduces students to the study of topography as their build a model of 

this landform and create different types of maps to represent this mountain 

(www.fossweb.com). Upon further analysis of the student notebook entries for this 

central concept, it was determined that none of the notebook entries would provide 
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sufficient evidence of student understanding of this central concept. This was primarily 

due to the fact that while students were required to document the use of different types of 

maps in their notebooks to represent their mountain models, it was difficult to determine 

evidence of understanding from these maps because they were often checked by the 

teacher and then discussed as a class. Additionally, the individual student response sheets 

that were completed at the end of the investigation often lacked the written description 

that accompanied their trail map drawings. Without that consistent student reasoning, the 

notebook entries did not provide sufficient evidence in regards to this lesson. Therefore, 

it was determined that there was not enough evidence in students’ science notebooks to 

assess and compare student understanding between the control and treatment classrooms 

for the central concept of maps 

 When assessing the student notebooks for the central concept of erosion using the 

Student Understanding Rubric, the results revealed that the treatment groups in both the 

science and engineering conditions had higher mean rubric scores than the control 

groups, suggesting that the treatment groups had a better understanding of erosion when 

compared to the control groups. For those students in the science condition, who 

participated in the FOSS-only science instruction, the mean rubric score for the control 

group was 4.95 points and for the treatment group was 8.63 points. This difference in 

mean notebooks scores reveals that the treatment students provided more evidence of 

understanding of the erosion sub-ideas than the control students in the selected science 

notebook entries. Figure 4.2 shows the distribution of notebook scores for the erosion 

sub-ideas.  
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Figure 4.2. Distribution of notebook scores measuring student understanding of erosion 

for students in the science condition. 

Similar results were seen for those students in the engineering condition, who 

participated in the integrated science and engineering instruction, when analyzing the 

results of the erosion sub-ideas in their science notebooks with the treatment group score 

higher on average than the control group. The mean rubric score for the control group in 

the engineering condition was 5.27 points as compared to the mean score of 8.18 points 

for the students in the treatment group. The distribution of the science notebook rubric 

scores for students in the science and engineering condition are presented in Figure 4. 3 

below.  
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Figure 4.3. Distribution of notebook scores measuring student understanding of erosion 

for students in the engineering condition. 

 

Even though there was not enough power for the group differences that were seen 

in both the science and engineering condition to be significant, due to the large variation 

in notebook scores,  it is important to note that the groups performed differently on the 

science notebook tasks for the central concept of erosion. The results from the notebook 

analysis reveal that the treatment groups in both the science and engineering condition 

had higher mean rubric scores indicated that they provided more evidence of 

understanding of erosion than their control groups. 

 To provide further evidence of the similarities and differences seen from the 

notebook analysis using the Student Understanding Rubric for erosion,, a qualitative 

analysis of the evidence identified in those selected lessons was conducted. This coding 

and comparison of the notebook data provided a more complete picture of student 

learning by identifying common themes between the control and treatment entries. To 
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help illustrate some of these themes and provide a more detailed description, student 

notebook examples from the treatment and control groups will be presented in the 

following paragraphs. As seen in Figures 4.2 & 4.3 above, there is a wide range in 

notebook scores for students in each of these conditions, and therefore the specific 

notebook examples presented below were selected because they are representative of an 

average student notebook entry from the control and treatment classrooms. These 

notebook entries representing an “average student” were determined based on the mean 

content assessment posttest scores and science notebook rubric scores for each control 

and treatment classroom in each of the conditions. The qualitative analysis of the 

individual student notebook entries provide an additional picture of student understanding 

of erosion and the similarities and differences between the control and treatment students. 

  The first set of notebook examples that will be presented, comes from a control 

and treatment student from the science condition and a portion of their notebook entry 

from one of the selected lessons from Investigation 2 which examines the effects of 

flowing water in stream tables and how that relates to the processes of erosion and 

deposition. This particular entry present the students’ description of what they observed 

during the first run of their standard flow in stream table experiment: 

Control Student: What happened in our stream table was that the water 
took time to get to the drain hole because of how short 
and small the slope is. Also, the water kind of took some 
of the sand and clay to the drain hole, but the water still 
got in the bucket.  
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Treatment Student: As we poured the water in the standard cup, the water 
created a small hole in the earth material. The earth 
material eroded on one side of the tray. The water 
seeped under the earth material on the other side. The 
clay was deposited further down the tray and out the 
drain hole. 

 

As you can see from both of the examples above, the students provide a 

description of the water moving down the stream table. In the control students’ entry, the 

focus is on describing how the water is traveling in the stream table and that the water is 

moving earth materials with it as it travels. While this description provides an example of 

what the student observed, it only addresses one sub-idea that water can move earth 

materials because of this focus on the water and not on the effects of the water on the 

materials in the stream table. The treatment student’s entry also focuses on how the water 

is moving and that the water is moving earth materials down the tray, but their entry 

provides evidence of additional ideas about what is happening to the other parts of the 

stream table and therefore meets additional sub-ideas. Additionally, the treatment 

student’s entry included the use of the scientific vocabulary words, erosion and 

deposition, within their observation, which provided further evidence of the effects of 

water on the earth materials. The additional sub-ideas that were met through the treatment 

students’ entry included that the water is changing the shape of the land as it moves down 

the tray, and that the movement of the water is resulting in the erosion and deposition of 

earth materials.  

A similar difference was also seen between the control and treatment students in 

the engineering condition, with the treatment students providing more evidence in their 
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notebook entries of addressing the erosion sub-ideas during the selected lessons from 

Investigation 2 and 3 addressing the stream table experiments. The next set of notebook 

entries comes from an average control and treatment student in the engineering condition 

and presents a similar picture to what was seen in the previous set of notebooks examples 

with the treatment student providing additional evidence and understanding of erosion. 

These entries are from the later part of Investigation 3, when the students are asked to 

compare their observations of the stream table after studying the effects of changing the 

variables of slope and amount of water and how that effects the erosion and deposition. 

These specific entries include student responses comparing the effects of increased water 

flow, as seen during a flood, after completing the standard and flood flow portions of the 

stream table experiments:  

Control Student: In the standard, the water does not spread fast. The water 
did not make much erosion. But in the flood, the water 
makes a lot bigger hole in the sand. 
 

Treatment Student: In the standard flow, there was a hole. It was very wet, 
the sand sinks a little making a puddle and the water was 
moving and making a meander. In the flood, since there’s 
a bigger hole the water ran out quickly making a bigger 
puddle, a landslide and water is eroding all the sand, like 
a channel. The water had come out faster in the flood. 
 

 

 Similar to what was seen in the notebooks entries from the science condition, the 

description from the control student provides evidence of fewer sub-ideas as their 

description provides evidence that water causes erosion in both cases, and that the flood 

makes a bigger hole which results in more erosion. When comparing the control student’s 

entry to the treatment student’s entry it is important to see that treatment student also 
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provides evidence for an understanding that the flood created more erosion due to the 

water moving more quickly. However, the treatment student also includes additional 

details within their description which addresses a larger number of sub-ideas as they 

identify that the water is not only causing erosion, but it is moving earth materials and 

forming new landforms, like meanders and channels. Therefore, as seen in the entries 

provided by the control and treatment students from the science condition, there were 

differences in the level of detail and amount of evidence of the erosion sub-ideas that 

were presented by the control and treatment students in the engineering condition. In both 

the science and engineering condition, the treatment students provided more evidence of 

an understanding of the erosion sub-ideas in their science notebook entries. 

Student interviews. The student interview analysis was the third data source that 

was used to assess student learning in science. The student interviews allowed for the 

capture of two important aspects of learning in science: (1) retention of content 

knowledge over time; and (2) seeing connections between different components of 

science content knowledge. Three students from each of the four classrooms, 12 in total, 

were interviewed following their completion of the science instructional unit. These 

individual student interviews took place approximately one week following the end of the 

instructional unit for each of the students. The three students were selected to represent 

similar students from each of the four classrooms as determined by their performance on 

the science content post assessment. These interviews were conducted individually and 

followed the same prepared questions and semi-structured format for each (See Chap III). 

The intent of the interview was to allow students to reflect on the activities and their 
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learning in the science unit that they had just completed. The 12 interviews were recorded 

and transcribed, and then coded using a combination of pre-determined and open coding 

methods through iterative cycles of analysis, which are described in more detail in 

Chapter 3. The use of pre-determined and open coding was used in order to identify 

evidence of pre-determined concept codes, which matched with science concepts from 

curriculum and assessment objectives (Miles et al., 2014), as well as to allow new 

concepts codes to emerge from the data. This helped to provide an initial guide for the 

coding and identification of student learning in science, while also leaving the analysis 

flexible enough to account for unexpected responses and differences that might arise 

from the various classrooms. The pre-determined codes for science learning included the 

following concepts: landforms, erosion, stream tables, models, and maps. The following 

concept codes emerged during the analysis of the interview data: stream table 

experiments, use of science vocabulary, experiments, and soil type.  

As described in Chapter 3, the first coding was conducted by reviewing and 

assigning chunks of data from the student interview transcripts according to either the 

pre-determined concept codes or assigning them to a new concept code. Since the goal of 

the initial cycle of coding was to identify student references that were made to the various 

science concepts presented in the unit, this required the analysis to be more than just a 

frequency count of the number of references to the pre-determined codes or science 

vocabulary. This meant that, in addition to the identifying the student references that 

explicitly mention the pre-determined science concepts, those references that did not 

mention the exact words but addressed the underlying concept were also identified and 
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recorded. An example of a case where a student reference was identified as evidence of 

the science concept of landforms, even though the student never explicitly mentions the 

word “landforms” is presented below: 

Control Student C 
(Science condition): 

We also learned about how the water flows in, like 
landscapes, different landscapes and how some of them are 
made. 
 

 

Even though the student doesn’t use the word “landform” in the above reference, 

the student was getting at the concept that the surface of the earth has different features 

and this reference was therefore assigned to the landforms code. This allowed for the 

focus of the analysis to be placed on the identification of references that students made to 

their ideas and learning the science concepts from the unit and therefore went a step 

further than a frequency count of student references to the names assigned to each of the 

concept codes.  

 During the multiple cycles of coding of the interview data, patterns started to 

emerge as the data was chunked into the individual coding categories. Upon further 

analysis of these patterns, two themes emerged from the student interview data, which 

included 1) retention of science content knowledge, and 2) connections between concepts. 

This first theme, retention of science content knowledge, captured the student references 

that were made in regards to the science concepts that they remembered and recalled 

from the science unit they had just completed. The second theme, connections between 

concepts, that emerged from the patterns in the data was this idea that students were 

linking multiple concepts or ideas together within individual responses and therefore 
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getting at this bigger idea that the concepts they were learning were interrelated. The 

following sub-sections will be organized according to the two interview themes presented 

above. Examples of student interview data for each of these themes will be presented 

within these sub-sections to provide a description of how the student interview data 

addressed these themes and was used as a measure of student learning in science. 

Retention of science content knowledge. Following the coding and analysis of 

the student interview data, models of individual student responses from the interviews 

were constructed for each of the 12 students to provide a representation of the science 

concepts that were referenced during the student interviews. In order to provide an 

overview of the student interview responses from each classroom, the individual student 

models were combined into four classroom models. Therefore, the classroom models 

represent the science concepts that were referenced during the student interviews from 

the control and treatment classrooms from both the science and engineering condition. 

These four classroom models also present a visualization of the first interview theme that 

emerged from the data, which is the retention of science content knowledge, because the 

concept codes presented in the models represent the type and frequency of science 

concepts that were referenced during student interviews. The four classroom models will 

be presented first in order to provide a more detailed picture of the similarities and 

differences in the interview analysis between the control and treatment students for both 

the science and engineering conditions. The models will be followed by student examples 

and a short description of the science concept codes that were referenced in the interview 

data and visually represented in the four classroom models.  
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 In order to provide a holistic representation of the student interviews, the models 

were organized using a combination of shapes and colors so that they could represent the 

number of students who referenced each of the codes as well as the number of references 

identified for that code. There were three different shapes that were used in these four 

models and those shapes represent the number of students within each classroom who 

had mentioned that code. Those codes that cut across all three of the student interviews 

from the same classroom are represented in the models by circles. Diamonds represent 

those codes found in two of the student interviews, and those identified in only one 

student interview are represented by a square. The number of references that are made to 

each of the codes is presented by the color tone of the shapes, with the darker colors 

representing a higher number of references to that code and the lighters colors 

representing a lower number of references. The number of references is also presented 

within the shape in a parenthesis underneath each of the codes.  

Before presentation of the models, it is important to note that due to the variation 

in instructional units between the science and engineering conditions (see Chapter 3 for 

details), the student interviews and reflections of learning had slightly different 

directions. For example, the students in the science condition were reflecting on their 

learning in the FOSS unit, where as the students in the engineering condition were 

reflecting on their learning from the integrated FOSS and EiE unit. Therefore, even 

though all four models will be presented before the description of the concept codes, the 

comparisons in student learning in science will be limited to the control and treatment 

students within the same condition. Additionally, to provide a complete and holistic 
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picture of the student interview analysis, the engineering condition models will contain 

student references to both science and engineering concepts even though only the science 

concepts and science learning results will be discussed in this section. This allows for the 

science learning findings from the student interview analysis to be situated within the 

context of the integrated science and engineering unit.  

The first two models (Figures 4.4 and 4.5 below) represent the codes from the 

control and treatment classroom student interviews from the science condition, where the 

students participated in the FOSS science instruction. The third and fourth models 

(Figures 4.6 and 4.7 below) are representative of the student codes from the engineering 

condition students, who participated in the integrated science and engineering instruction.  

The first model, presented in Figure 4.4 below, represents the science concept 

codes from the control classroom student interviews from the science condition. The 

codes that emerged from those student interviews from the control students included the 

pre-determined concepts, landforms; erosion; stream tables; and maps; and the additional 

concepts stream table experiment,, and science vocabulary.  
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Figure 4.4 Model of post interview and frequency of content ideas for control students in 

the science condition. The shapes represent the number of students who referenced each 

of the concepts with the square for one student, diamond for two, and circle for three 

students. The tone and number in parenthesis represents the number of references made 

to each of the concepts with the darker colors signifying a higher number of references. 

 

 Therefore, when looking at the codes presented in Figure 4.4 in terms of the first 

interview theme, retention of science content knowledge, the landforms, stream tables, 

stream table experiment, and vocabulary cut across all three of the student interviews and 

were often referenced more than one time in the interviews. This suggests that all three of 

the control students from the science condition were able to recall information about 
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those four science concepts. The understanding of maps and erosion ideas were also 

mentioned more than once, but only seen in two of the student interviews. The most 

prevalent code was vocabulary, which represented the use of new science vocabulary 

within the student interview responses and science vocabularies were referenced nine 

times across the three interviews suggesting that students retained and were able to apply 

science vocabulary words when discussing learning from their science unit. 

The second model presents those science ideas that emerged during the coding 

and analysis of the treatment student interviews from the science condition. These 

students participated in the same FOSS science instruction as the control students with 

the integration of content-related science trade books that were implement during their 

reading instruction. The major content that emerged during the treatment student 

interviews included the pre-determined codes: landforms, erosion, stream tables, and 

maps. The treatment students also mentioned the following additional concepts: stream 

table experiment, and science vocabulary. The model and the contents from these student 

interviews are presented in Figure 4.5 below.  
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Figure 4.5 Model of post interview and content ideas for treatment students in the science 

condition. The shapes represent the number of students who referenced each of the 

concepts with the square for one student, diamond for two, and circle for three students. 

The tone and number in parenthesis represents the number of references made to each of 

the concepts with the darker colors signifying a higher number of references. 

 

 The same six content ideas are seen in the control student interviews were seen in 

the treatment student interviews suggesting that both groups were able to recall 

information about these six science concepts. However, five of the six ideas cut across all 

three interviews in the treatment classroom, which was a larger number than in the 

control and these included: landforms, erosion, stream tables, stream table experiment, 

and vocabulary. There were also a higher number of references made to the stream 
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tables, stream table experiment, and vocabulary contents within the treatment interviews 

suggesting that the treatment students were able to recall more information related to the 

science concepts that they had learned. The largest difference between the control and 

treatment interviews was seen in the number of references made to new science 

vocabulary, which had nine references in the control interviews and 19 references made 

in the treatment condition.  

When looking at the extent to which the control and treatment students address 

the first interview theme of retention of science content knowledge, the models identify 

that while similar science concepts were referenced, the treatment students had a higher 

number of references made to these six science concepts. This suggests that both the 

control and treatment were able to identify similar concepts, but the treatment students 

more frequently recalled these science concepts in their interviews when compared to the 

control students. 

 As mentioned above, the remaining two models represent the contents that 

emerged from the control and treatment student interviews from the engineering 

condition. As a reminder, the students in the engineering condition participated in 

integrated science and engineering instruction (See Chapter 3). However, this section 

focuses on science learning and therefore only those contents and references related to 

science concepts and learning will be included in the following models and descriptions. 

The next model that will be presented identifies the contents that emerged from the 

control student interviews from the engineering condition. These concepts are presented 

in Figure 4.6 below and include: landforms, erosion, stream tables, soil, and vocabulary. 
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Figure 4.6 Model of post interview content and frequencies for control students in the 

engineering condition. The shapes represent the number of students who referenced each 

of the concepts with the square for one student, diamond for two, and circle for three 

students. The tone and number in parenthesis represents the number of references made 

to each of the concepts with the darker colors signifying a higher number of references. 

  

 The model presented in Figure 4.6 above, shows that in the control student 

interviews the only contents that cut across more than one student included erosion and 

vocabulary. Various science vocabularies were referenced several times by all three 
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students in their interviews and the content on erosion by two of the students. The 

remaining contents, landforms, stream tables, and soil, had between one and two 

references but were only mentioned by a single student. This suggests that for the control 

student interviews from the engineering condition, the students recalled different science 

concepts with the only commonality across all three students was the use of science 

vocabulary in their interview responses. 

 The final model that will be presented below represents the student interview data 

for the treatment students from the engineering condition who participated in the same 

integrated science and engineering instruction as the control students. The model from 

the treatment students’ interview data is presented in Figure 4.7 below. The seven 

concepts that emerged from this data include: landforms, erosion, stream tables, soil, 

experiments, models, and vocabulary. 
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Figure 4.7 Model of post interview content and frequencies for treatment students in the 

engineering condition. The shapes represent the number of students who referenced each 

of the concepts with the square for one student, diamond for two, and circle for three 

students. The tone and number in parenthesis represents the number of references made 

to each of the concepts with the darker colors signifying a higher number of references. 

 
 
 There were two contents, soil and vocabulary, which cut across all three student 

interviews and were referenced multiple times by multiple students suggesting that all 
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three students were able to recall information about soil type and all used science 

vocabulary in their interviews. Four of these contents were references by two students in 

their interviews, which included landforms, erosion, stream tables, and experiments. 

There were also two new ideas, models and experiments, which emerged from the 

treatment interviews that were not referenced in the control interviews.  

When analyzing the type and frequency of codes that were referenced by the 

control and treatment student interviews from the engineering condition, the models show 

that the control students identified fewer content ideas and made fewer references to 

these content than the treatment students. Therefore, when looking at how the first 

interview theme, retention of science content knowledge, was met by the control and 

treatment students, the treatment students were able to recall more science concepts with 

more frequency than the control students. 

 To expand on the four models of the students’ post interviews based on the 

content codes that were presented above (Figure 4.4 – 4.7) and to get a better idea of the 

types of science concepts that were references in the student interviews, a short 

description of the concepts and excerpts from student interview data will be described in 

the following paragraphs. There is one exception: the vocabulary code encompassing the 

students’ use of and references made to science vocabulary during their student 

interviews, which will not be described in detail because it will be included in the next 

section titled Use of Science Vocabulary. It was included in the student interview models 

for this current section because the use and frequency of science vocabulary is an 
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important component when looking at the overall picture of student learning in science 

that was expressed verbally during the student interviews.  

Landforms. Landforms captures students’ references to the description, names, 

and learning related to the science concept that there are different features that are found 

on the surface of the earth. As seen in the first two models (Figure 4.4 and 4.5), all six of 

the control and treatment students in the science condition mentioned landforms in their 

post interviews as they reflected on their learning from this science unit. Here are two 

student interview examples that illustrate how students use the concept in learning and 

these examples come from the prompt that asked students about what they had learned in 

the science unit that they just completed: 

 

Control Student B 
(Science condition): 

We learned about rivers and streams and landforms, like 
canyons and mountains and how they are formed and stuff. 
 

Treatment Student C 
(Science condition): 

Well it (the science unit) was about landforms and we learned 
about tons of different landforms, like mountains, valleys, 
canyons and deltas. 

 

The above examples illustrate the similarity in the responses to the prompt from both the 

control and treatment students and how they both included the use of the word landform 

in addition to referencing specific types of landforms that they remembered from this 

unit. When looking at this further, between the control and treatment students from the 

engineering condition (Figure 4.6 and 4.7) that participated in the integrated science and 

engineering unit, the responses from the control and treatment students from the 

engineering condition were similar to the references presented above from the science 
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condition students. However, there were fewer references to landforms for the 

engineering condition with only one control student and two treatment students 

referencing it in their interviews. Overall, the number of references differed between the 

science and engineering condition with all six students from the science condition making 

references to it as compared to only three students from the engineering condition. 

Erosion. This encompasses the references that were made to the concept of 

erosion or to the changes and effects to the earth materials that resulted from the flowing 

water in the stream tables. When looking at the student interviews from the science 

conditions, more of the treatment students referenced erosion with three students from 

the treatment and only two students from the control who referenced it. Also, in terms of 

the frequency of usage in the science condition, it was only referenced once by each of 

these five students during their interviews. The findings regarding how often Erosion was 

mentioned in the  engineering condition, both the control and the treatment groups did 

not vary. An example of how students used Erosion in an interview response: 

Control Student A 
(Engineering 
condition): 

We also studied erosion and how that can affect the place and 
how the curved parts erode faster. 
 

Treatment Student A 
(Engineering 
condition): 

I learned that in some conditions that erosion happens faster 
and in different places. On a curvy post that more erosion 
would happen there. 

 

As seen in the examples above, both the students from the engineering condition 

specifically used the word erosion in their interview response in addition to recalling 

information about how erosion changes based on the shape of the river with curved 

sections eroding faster. Additionally, the references regarding erosion for students from 
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the engineering condition were presented in the context of the engineering design 

challenge and not in the context of the stream table activity that was seen with the science 

condition students. While the two references presented above appear to be fairly similar, 

the analysis from the engineering condition interviews found the control students had a 

slightly higher number of references made to about erosion with all three of the control 

students referencing erosion, whereas there were only two from the treatment classroom. 

 Stream tables and stream table experiment. Even though there are distinct 

differences between these two ideas, they are being presented and described together 

because the stream table experiment is only applicable to those students in the science 

condition as this experiment was replaced with the engineering design challenge for the 

engineering condition. It will therefore be presented alongside the stream table 

experiment for those students. Stream table references to the description of the stream 

table model, descriptions or reflections on the activities associated with the stream table 

investigations made during the student interviews. On the other hand stream table 

experiment applies to those references made to the final activity in the FOSS 

Investigation 3 where student designed their own experiment to investigate different 

variables that might affect erosion. Below are two examples, one from the control student 

and one from a treatment student, which are representative of the types of references that 

fell under the stream table. These examples are student responses to the prompt asking 

the students to talk about some of the activities they did during this unit. 
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Control Student C 
(Science condition): 

We did a thing with the plateau, the stream tables, and we did 
the regular flow and the flood flow with those. 
 

Treatment Student B 
(Science condition): 

Well, we did the stream tables and we tried to see if the fast 
flow or the standard flow worked better and with the flood or 
standard with slope would work and the flood made a bigger, 
umm. Change on the sand and earth material and the then 
flood would just slowly make a gorge in the sand. The 
standard went slower and took longer and it didn’t make that 
much of a stream. 

 

From the examples above, both of the interview responses included a reference to the 

stream tables and to the fact that the students explored different variables with the stream 

tables through the standard and flood flow. When looking at the two models for the 

control and treatment students from the science condition (Figure 4.4 and 4.5), all six of 

the students made references to the stream tables in their interviews. Even though this 

was referenced by all of the students, a closer look at the interview data reveals that the 

treatment students had twice as many references to this than the control students. When 

looking at how often students in the control and treatment engineering condition use 

stream table, there was only one student from the control and two from the treatment who 

made references to this idea. Students in the engineering condition did not frequently use 

stream table as frequently as the science condition to describe what activities they were 

engaged in. For those three student references that were made by the students from the 

engineering condition, the references included descriptions of the stream table set up and 

what happened during the activity that were similar to what was seen in the treatment 

student example presented above. 
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Maps and models. One of the science content objectives for this unit was to help 

students understand that maps and models can be used to represent objects or phenomena 

were included in this theme. Student interview references that addressed this idea that 

maps and/or modes represent objects in terms of either maps or models were included in 

this content code. For the science condition, the control and treatment classroom both had 

two students who referenced this. A closer look at how often students talked about maps 

and models, it revealed that the control students had a slightly higher number of 

references than the treatment students with five references by two students compared to 

three references by two students. Here are two examples of students from the science 

condition who referenced maps and models in their interviews in response to the prompt 

asking about some of the activities they did during the unit. 

Control Student C 
(Science condition): 

We made maps and one of the things that we did was we made 
a mountain out of foam blocks and we learned that the base 
has to be bigger so it doesn’t fall over and then we made maps 
(of the mountain) on paper. 
 

Treatment Student A 
(Science condition): 

We made models of mountains and then we made a contour 
and profile maps. 

 

The student examples above illustrate that both the control and treatment students 

identified and made references to similar ideas that foam mountains from which they 

created their maps. 

 When analyzing the interviews from the engineering condition, maps and models 

was much less prevalent in both the control and treatment student interviews. Despite 

completing the same mapping activity as the students in the science condition, only one 
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study from the treatment class within the engineering condition referenced models. That 

reference from the one treatment student is presented below: 

Treatment Student C 
(Engineering 
condition): 

So, in science we would talk and we would do stream tables 
and we would do some experiments with earthquakes and 
Tarpuls and the models and stuff like that.  

 

This reference was made during the students’ description of what they learned and was 

very vague, which further illustrates the finding that there limited reference made to maps 

and models the students in the engineering condition.  

 Soil and Experiments. Only students in the engineering condition talked about soil 

and experiments in the interviews. Particular students in the engineering condition used 

the word soil because it included references to the descriptions or type of soil, as the 

importance of the nature of soil and its testing were only addressed in the context of the 

engineering design challenge and therefore students in the science condition did not find 

referencing soil in their responses. However only one  student from the control group 

referenced soil during the interview. However, the treatment student interviews were very 

different with all three students making more than one reference to the soil for a total of 

seven references across the three students’ interviews. The one reference from the control 

student and one reference that is representative of those made by the treatment student is 

presented below. In this set of examples, the students are responding to the same prompt 

about what they learned in this science and engineering unit: 

Control Student A 
(Engineering 
condition): 

We were studying soils and the compacting and we were also 
building a Tarpul to see how many weights we could fit in it. 
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Treatment Student B 
(Engineering 
condition): 

We were learning about landforms for the Tarpul and which, 
like, soil would be sturdier, the rocky or organic. And I 
learned that the organic…no, the rocky soil is sturdier. 

 

In the soil examples presented above, both students made a reference to the idea that in 

this unit they learned about soil so they would be able to build a Tarpul.  

 Only students in the treatment group from the engineering condition included any 

reference to the testing or conducting of experiments about design considerations from 

science or engineering activities. An example of how students referenced experiment in 

their interview responses is included below: 

Treatment Student A 
(Engineering 
condition): 

We got to build our own Tarpul and do our own experiments 
and we got to choose if we wanted rocky or organic and what 
place we wanted to put the Tarpul and then we tested it with 
weights and we got scores. 

 

From the example above, the student responses  referred to the conducting or 

participating in the experiments as part of the activities they completed during their 

instruction. In terms of the frequency of the references included as part of the 

experiments , there were two examples of it from the treatment student interviews and 

there were none from the control student interviews. 

 Connections between concepts. The second theme that emerged during the 

analysis of the student interview data identified a pattern that in several of the responses 

students were linking multiple science concepts together when referencing what they 

learned. As I clustered and further refined my data analysis, I noticed that in several of 

the responses the students were developing more complex thinking about these science 

concepts as a series of interrelated concepts versus a set of isolated facts or ideas. This 



 

 130 

led to the emergence of the second theme, connections between concepts, which I will 

describe and present alongside student examples in this next sub-section. 

 The analysis and clustering of the student interview data according to the second 

theme revealed a number of different examples for how various student responses 

addressed this bigger theme of making links in their understanding of different science 

concepts and seeing that these concepts were part of a larger, connected system or ideas. 

The first example of the interview responses that addressed the theme of connections 

between concepts comes from two students in the engineering condition in response to 

the same prompt above about what they had learned in this unit: 

 

Control Student C 
(Engineering 
condition): 

We were learning about, like, how the earth is formed and 
different landforms, like plateaus and mountains and dunes. 
 

Treatment Student B 
(Engineering 
condition): 

We were learning about different kinds of landforms and what 
the landforms look like and what kind of landforms will be 
best for the Tarpul. 

 

In this first example, both the control and treatment students mention that they 

had learned about different surface features on earth, or landforms. However, the 

response from the treatment student goes a step further by connecting this idea of 

learning about landforms to the goal of determining which landform will be best for their 

engineering design challenge, which is to design a Tarpul. The control student does not 

connect learning about landforms to any other science concepts but mention different 

types of landforms as discrete content knowledge.  
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 Another example of students’ making links between science concepts can be seen 

in the following responses from a control and treatment student from the science 

condition who were referencing what they learned about erosion during this unit:  

Control Student B 
(Science condition): 

We studied landforms, like the great…. Grand Canyon and 
mountains and rivers. And erosion, and how the Colorado 
River formed the Grand Canyon. 
 

Treatment Student A 
(Science condition): 

And then we did something with stream tables and erosion and 
we had a cup of water and a stream table with material in it. 
And we poured water into the earth material and it moved the 
materials and we looked to see where the sediment, and the 
clay and pebbles and sand went. 

 

The examples presented above, illustrate the finding that the treatment students’ 

references to erosion were more frequently connected to the stream table lessons and as 

seen in this example, their reference to erosion was connected to the bigger idea that the 

stream table was a visual representation of erosion and how the process of erosion can be 

modeled through the stream tables. Also the mention of Grand Canyon was more of an 

example of a landform created by a large river without further extending to the idea that 

how communities and other designed structures are absent or present from many parts of 

the Grand Canyon. The treatment student reference alluded to the fact that earth material 

is made up of different types of materials, such as clay, pebbles and sand, and these earth 

materials move when being eroded by the water. Furthermore the control student 

references the complete processes of how erosion happens and how each element in this 

process is connected. Therefore, the treatment students’ response from this set of 

interview data was about making connections between different science concepts and 

expressing how these connections at a micro-level.  
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 A third example of how students’ made connections between multiple science 

concepts within their interview responses can be seen in the following interview 

responses. These student responses are from a control and treatment student from the 

science condition in reference to what they learned about stream tables: 

 

Control Student C 
(Science condition): 

We did a thing with the plateau, the stream tables, and we did 
the regular flow and the flood flow with those. 
 

Treatment Student B 
(Science condition): 

Well, we did the stream tables and we tried to see if the fast 
flow or the standard flow worked better and with the flood or 
standard with slope would work and the flood made a bigger, 
umm, change on the sand and earth material and the then 
flood would just slowly make a gorge in the sand. The 
standard went slower and took longer and it didn’t make that 
much of a stream. 

 

Those two examples from the stream table activity show that in addition to a larger 

number of references connected to the science contents, the treatment students also 

included more detailed descriptions of how the stream table works and the activities they 

completed as a part of the investigation. Again, the control student is just recalling a 

series of ideas that they can remember about the stream table and what they did with the 

stream table, but there is hardly any connection between the ideas or what they learned 

from the activity. The treatment students’ response includes the same references to 

standard and flood flow, but they were making the connection of the stream table and 

looking at standard and flood flow, to the concept of erosion, and how these different 

“flows” causes a change in the sand. The treatment response presented above, also makes 
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a reference to other science concepts learned during the unit, for example that flood and 

slope are two variables that increase erosion.  

My analysis of students’ responses from the engineering group further revealed 

that  these students viewed stream table activity as stream table experiment and this 

distinction is significant because science experiments are inherently tentative, creative, 

and speculative in nature. Additionally for these students experiments also invoke the 

concept of “control and variable”. Even though the students didn’t talk about “control and 

variable” explicitly, they did indirectly infer about this concept in their responses. 

Another important and more complex skill students in the engineering treatment groups 

showed was their keen ability to make connections between content learned and larger 

social and human activities. Here are two student examples illustrating the differences 

between the control and treatment students from the science condition in terms of how 

they expressed their learning about the stream table experiments:  

Control Student A 
(Science condition): 

We got to make our own river experiment, we got to draw in 
the river with our hands, and it was fun because you could see 
what would happen if you actually poured water into it. We 
had a river with a lot of meanders that split into two parts and 
had two dams at the end of the river and one of the dams got 
pushed to the side and flooded. 
 

Treatment Student A 
(Science condition): 

We did an experiment with a dam that protected a town and so 
we made it kind of like city hall and we discovered that you 
don’t want to build cities or city hall by rivers. Because the 
water went under the dam and kind of pushed thing over and 
all of the house pieces fell in (the water). 

 

As seen in the examples presented above, both the control and treatment students made 

detailed references regarding the specific experiment that they designed for their stream 
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table experiment and what happened when they executed the experiment. However, the 

treatment student is making a connection to this bigger idea that there can be negative 

effects caused by erosion and so you don’t want to build cities near rivers because the 

water can go under or around the dam and can lead to flooding or the destruction of 

houses. Whereas the control response included a detailed description of what was 

happening, but the student did not connect this experiment to a bigger effects of erosion 

and the consequences that can have on the various landforms and human development.  

 A final set of examples from the student interview data that were included as part 

of the second interview theme presents a slightly different example of how students could 

express a link in their thinking about science concepts in their interview responses. In this 

example, the evidence of the connections between concepts theme comes from linking 

multiple ideas about the same science concept as well as linking different concepts 

together. The two interview excerpts presented below are from one control and one 

treatment student from the engineering condition in response to what they had learned in 

their science and engineering unit: 

 

Control Student A 
(Engineering 
condition): 

We were studying soils and the compacting and we were also 
building a Tarpul to see how many weights we could fit in it. 
 

Treatment Student B 
(Engineering 
condition): 

We were learning about landforms for the Tarpul and which, 
like, soil would be sturdier, the rocky or organic. And I 
learned that the organic…no, the rocky soil is sturdier. 

 

The example presented above identifies that both students made a reference the point that 

they had learned about soil. However, the control student response is a list of what they 
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had learned or done in the unit, which included soil, compacting, building a Tarpul and 

seeing how many weights would fit, without including any specific details or connections 

to what they had learned about the soils. The treatment student response, on the other 

hand, made a connection between landforms and the Tarpul when referencing that they 

were learnin about landforms for the Tarpul. The treatment student also presented 

multiple ideas about that soil, that there were two types of soil and which type of soil they 

found to be stronger.  

 In summary, the analysis of the student interview data resulted in the emergence 

of two themes that were used an additional measure of student learning. These theme 

provided evidence of learning from students’ reflections on their learning in terms of how 

well the students retained the science concepts that they learned and how well they were 

able to express connections between multiple science concepts. The findings and analysis 

from the first theme, which looked at the retention of science content knowledge, found 

that the treatment students from both the science and engineering condition more 

frequently referenced more science concepts in their interviews than the control students. 

For the second theme, connections between concepts, the findings and analysis revealed 

that the treatment students from both conditions expressed more connections between 

multiple science concepts in their interviews. In contrast, the control students in both 

conditions were more likely to include an isolated list of facts of science concepts. 

Summary of student learning in science. When looking at the analysis of 

multiple data sources that was presented in this section, the findings provide insight into 

the effects of an integrated nonfiction reading unit on student learning in science. The 
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quantitative results from the statistical analysis of the science content assessment found 

that there was a significant effect of the treatment, or integrated nonfiction science trade 

books, on students’ science learning for those students in the science condition, but not 

for those students in the engineering condition. However, the results from the analysis of 

the qualitative data sources, which included the science notebooks and student 

interviews, provided a slightly different picture of students’ science learning within the 

two conditions. The findings from the science notebooks and student interview for those 

students in the science condition were similar to the findings for this group from the 

science content assessment, which showed that the treatment group showed increased 

learning in science over the control group. The difference in the results from the 

qualitative data sources was seen in those students in the engineering condition. When 

looking at the content assessment results for the engineering condition, there appeared to 

be no difference between the scores of these two groups, suggesting that the treatment 

had no effect on student learning in science for those students in the engineering 

condition. The results from the qualitative analysis provide a different picture suggesting 

that there was a difference in the student learning between the control and treatment 

classrooms and that the treatment classroom showed evidence of increased learning. This 

increased learning in science by the treatment students in the engineering condition was 

seen in higher mean notebook scores and an increased in the frequency of science 

concepts referenced in the student interviews. Overall, the results on these three measures 

suggest that even though group difference were not seen in the content assessment 

measures, the qualitative data and analysis provided evidence of increased student 
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learning in science for the treatment students who were exposed to the integrated 

nonfiction science trade book unit. 

Use of Science Vocabulary  

 While students’ use of science vocabulary is not explicitly identified in the two 

research questions that have guided this study,  an important factor of science learning in 

elementary classrooms is students’ ability to use, apply, and understanding science 

vocabulary. Furthermore, being able to use content area vocabulary and determine their 

meaning are part of the reading content standards covered during the concurrent 

nonfiction reading unit designed to help with student understanding of content area 

reading (Minnesota Department of Education, 2010). Therefore, when examining the 

effects of content related nonfiction on student learning in science, it is important to 

analyze students’ use of science vocabulary as a proxy for understanding of science 

concepts within the three main data sources collected as part of this study. This section 

will present the analysis and findings related to students’ use of science vocabulary for 

those data sources, which include: the pre/post science content assessment, the students’ 

science notebooks, and the student interview data. The organization of this section will be 

according to the three data sources mentioned in the previous sentence. 

 Science content assessment. The first of the data sources that will be discussed in 

the context of students’ use of science vocabulary includes the commercially developed 

pre/post science content assessment, which was administered before the first day and on 

the last day of instruction. Within this science content assessment there was a section, 

which was designed to test students’ knowledge of new science vocabulary (FOSS, 
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2005). This section was scored according to the FOSS benchmarks assessment manual 

with each correct word receiving one point. Figure 4.8 presents a scanned image of the 

vocabulary section that was given to students as part of the pre/post science content 

assessment.  

 

Figure 4.8 An example of the vocabulary section from the science content assessment. 
 As seen in the figure above, the vocabulary section of the content assessment asks 

students to match the landform with the correct vocabulary word. The analysis of the 

posttest scores from vocabulary section were inconclusive as the classrooms that started 

with higher pretest scores ended with higher posttest scores, and the group differences 



 

 139 

were not found to be significant for either the science or engineering condition. Table 4.2 

presents the pretest and posttest mean scores for the vocabulary section of the content 

assessment for all four classrooms. These results suggest that there was likely no 

significant difference between the vocabulary scores for the control and treatment 

classrooms for either condition.  

Table 4.2.  

Means for vocabulary section from the FOSS science content assessment 

 
 Science Condition  Engineering Condition 

 Control 
(n=27) 

Treatment 
(n=27) 

 Control 
(n=26) 

Treatment 
(n=24) 

Pretest 3.33 (66%) 2.56 (51%) 
 

2.88 (58%) 3.33 (66%) 

Posttest 4.52 (90%) 4.07 (81%) 
 

4.08 (82%) 4.21 (84%) 

 

 Science notebooks. The second data source that will be discussed in terms of students’ 

use of science language includes the individual students’ science notebooks. The 

qualitative analysis of these notebooks included a content analysis (Krippendorf, 2013) of 

selected lesson that was guided by the use of a Student Understanding Rubric 

(Ascherbacher & Alonzo, 2006). This rubric was developed in order to measure the 

evidence of key science content that students included in their science notebook entries 

(see section 4.1 above for more details). One of the components of the Student 

Understanding Rubric included students’ identification and use of the science vocabulary 

that was introduced through this science unit. This component of the rubric awarded one 

point for each new vocabulary word that was correctly used within a students’ science 
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notebook entry from the selected lessons measuring evidence of student learning of the 

central concept of erosion. An example of the how the rubric was used to code for 

students’ use of science vocabulary is presented in the student examples below:  

Student 1: The sand and clay started to roll down and fall away with 
the standard flow. 
 

Student 2: The sand is eroding and the water is spreading out as it is 
carving a line and making a river in the sand. 
 

 
In these two examples, the students are describing what happened to their stream tables 

during the standard flow experiment, and both of the students correctly referenced the 

concept of erosion, or that the water was displacing the earth material. This led to both 

students received a point for the erosion sub-idea that water can move earth materials, but 

only Student 2 correctly used the science vocabulary, erosion, and therefore only Student 

2 was awarded a point for vocabulary use for this entry.  

  The vocabulary component of the rubric also helped to distinguish between 

correct and incorrect or unclear use of science vocabulary because the incorrect or 

unclear use of science vocabulary was not assigned a point on this category of the rubric. 

For example, one student mentioned “the water made a lake at the top of the canyon.” 

From this student’s diagram and written explanation it was unclear as to if this student 

had an understanding of the word canyon, because the definition of canyon presented in 

class was a “v-shaped valley eroded by a river”. Due to this uncertainty, a point for 

vocabulary was not awarded to this entry. The vocabulary component from the Student 

Understanding Rubric helped to identify and measure if students were able to correctly 

use and apply content area vocabulary in their science notebook entries. The analysis of 
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this vocabulary component from the students’ science notebooks will be described in this 

sub-section in order to present additional findings related to students’ use of science 

vocabulary. 

 The results from the vocabulary component of the science notebook analysis 

revealed that the treatment classrooms from both conditions provided evidence of more 

frequent use of science vocabulary in their science notebook entries. For the control and 

treatment students in the science condition, the analysis of the science notebooks 

identified a higher use of science vocabulary with the control using an average of 1.21 

words per entry compared to the treatment average of 2.92 words per entry. The 

distribution of the control and treatment students’ use of science vocabulary in their 

science notebooks can be seen in Figure 4.9 below.  

 

Figure 4.9. Distribution of science notebook vocabulary scores from students in the 

science condition. 
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The distribution of vocabulary scores presented in Figure 4.9 further illustrates the 

differences in the average score between the control and treatment notebook entries in 

regards to usage of science vocabulary. This spread in the distribution further supports 

the finding that the treatment students were more likely to include a higher number of 

science vocabulary in their science notebook entries. 

 To gain a deeper understanding of the differences in vocabulary scores seen 

between the control and treatment students, science notebook examples will be presented 

in the following paragraphs. The notebook examples that are presented below were 

selected because they are representative of an average science notebook entry as 

identified by the average performance on the posttest content assessment and science 

notebook rubric for each of the classrooms. The first set of notebook examples comes 

from one control and one treatment student from an entry during Investigation 2 where 

students were asked record what they observed at different times during the flood flow 

experiment. Figure 4.10 presents the two example notebook entries with the control 

students’ entry presented on the top half and the treatment students’ entry on the bottom 

half. 
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Figure 4.10. Student notebook examples of the written portion of the flood flow 

observation sheet. The top example is from a control student and the bottom from a 

treatment student. 
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 As you can see from Figure 4.10 above, both of the students are describing what 

they see as the water from the flood is moving down the stream table. The treatment 

students’ entry in the bottom half of the figure incorporates two of the new science 

vocabulary, sediment and meandering, that they were taught in an earlier lesson from this 

unit, in the written observations. Where as the control student does not include any of the 

new science vocabulary from this unit in their entry, which is presented in the top half of 

Figure 4.10. 

 In addition to a difference in the amount of science vocabulary used during the 

recording of observations, the notebook analysis also identified a difference in the 

amount of vocabulary that was evident in students’ written descriptions and reflections. 

This next set of examples comes from a notebook entry that asked students’ to describe 

what happened during the “flood flow” stream table experiment, where they were 

examining what happened to their stream table when they introduced an increased 

amount of water, or flood (grammar corrected, underline added): 

Control Student: Hypothesis: I think that the water will come out faster 
and more water will come out so it will go to the hole 
faster. 
 
The water came out really fast and a lot of sand flowed 
with the water. A lot of sand came down from the water. 
The clay was at the bottom of the tray. It started to form 
a canyon.  
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Treatment Student: Hypothesis: I think the water will flow faster and create 
a gorge. Also more water will flow at one time. I think 
the water will erode the earth material faster. 
 
This is what happened with the stream table. The areas 
under the cup made a hole, and the clay is around it. A 
gorge was made on the left side, and the sediment was 
moved up. Also, the large pebbles stand, but the sand 
went to the edge. 
 

The set of examples from the control and treatment students presented above identify 

that, in response to the same prompt asking for a description of what happened during the 

flood flow, the average treatment student used three new vocabulary words as compared 

to the control student only using one new science vocabulary word.  

 When looking at the analysis of the vocabulary component for the control and 

treatment students from the engineering condition, similar results to the science condition 

were seen with the treatment students more frequently using the new science vocabulary 

in their notebook entries. The average score for the science vocabulary for the control 

students was 1.68 words compared to 2.27 words for the treatment students. Figure 4.11 

presents the distribution of the vocabulary scores for the control and treatment students 

from the engineering condition.  
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Figure 4.11. Distribution of science notebook vocabulary scores from students in the 

engineering condition. 

 

As seen in Figure 4.11 above, there is a wide range of vocabulary scores for the 

students from the engineering conditions with the average score for the treatment slightly 

higher than the control average. While there is a fairly large amount of overlap in the 

distribution of vocabulary scores presented in Figure 4.11, there is a higher tendency for 

the distribution of treatment scores compared to the control scores further supports the 

finding that the treatment students were slightly more likely to include a higher number 

of science vocabulary in their science notebook entries. 

 Student notebook examples from the control and treatment students from the 

engineering condition will be presented below to provide further analysis of students’ use 

of science vocabulary in their science notebooks. Similar to the sets of notebook 

examples presented for the science condition, these notebook entries are representative of 
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an average student entry from the control and treatment classroom based on content 

posttest scores and science notebook scores. The first set of notebook examples from the 

engineering condition represent the differences in the use of science vocabulary during 

the same notebook prompt asking students to write down their observations during the 

standard flow demonstration from the stream table experiment. 

Control Student: The water is coming very slowly and the sand is getting 
wet. The water is spreading. 
 

Treatment Student: The water is spreading around the ground. After some 
time, so much water gathers, and it goes downhill. The 
plateau is being eroded. 
 

 

In these particular notebook examples, both the control and treatment students are 

communicating the idea that the water is slowly moving and spreading. However, the 

entry from the control student does not contain any new vocabulary, whereas the 

treatment student incorporates the use of two new science vocabulary words, plateau and 

eroded, within the written description.  

As seen in the notebook examples presented above, on average the treatment 

students more frequently included a larger number of new science vocabulary in their 

science notebook entries than the control students. This was found in the analysis of the 

science notebooks from both the science and engineering conditions. These results 

support the differences in scores that were seen with the vocabulary component from the 

science notebook rubric scores, where the treatment students had a higher average score 

than the control students. 
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 Student interviews. The third data source that provided evidence of students’ use 

of science vocabulary includes the analysis from the student interview data. These 

interviews were conducted following the completion of the science unit with three 

students from each classroom for a total of 12 students. The interviews were designed to 

allow students an opportunity to verbally reflect on their learning from the science unit 

they had just completed. During the analysis of these student interviews, several common 

themes emerged, and one of those themes included students’ use of science vocabulary. 

Table 4.4 presents the frequency of student references to the science vocabulary theme 

that appeared for each of the twelve students who were interviewed as well as the total 

number of references for that classroom.  

 All 12 of the students who were interviews used new science vocabulary during 

their interviews. Overall, the treatment students in both conditions had a higher number 

of references that included the use of science vocabulary. For those students interviewed 

from the science condition, the three treatment students made 19 references to the science 

vocabulary theme, whereas the control students only made 9 references. When looking 

more closely at this theme for the students in the science condition, the references were 

fairly evenly spread amongst the three students in each of the conditions suggesting that 

the increased use of science language was not due to a single student identifying a larger 

number of vocabulary but that the three students each referenced 6 or 7 vocabulary words 

in their interviews. The analysis of the student interviews from the engineering condition 

present a similar finding to the science condition, with the treatment students including a 

higher number of science vocabulary references in their interview than the control 
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students. The three control student interviews contained six references to science 

vocabulary and the treatment interviews included eight references to science vocabulary 

in their interviews. 

 Excerpts from the student interview transcripts are presented below in order to 

provide additional evidence of some of the differences in the references to science 

vocabulary that were seen in the control and treatment students’ interviews. The 

following set of student examples comes from a control and treatment student from the 

science condition, responding to the same prompt asking them to describe what they had 

learned in the science unit they had just completed.  

Control Student: In science we learned about, like making maps and how to 
find things on a map. We made models of structures and 
we also learned about how water flows in different 
landscapes. And we made a mountain out of foam blocks 
and did a thing with the plateau, the stream tables, and the 
regular and flood flow.  
 

Treatment Student A: We had a science unit on landforms and we were focused 
mainly on mountains and maps. And we made models of 
mountains and then we made a contour and profile map. 
And then we did something with stream tables on erosion, 
and we had, like, a cup of water and a stream table with 
material in it. And we poured water into the earth material 
and it moved the materials. And we looked to see where 
the sediment, and the clay and pebbles and sand went. 

 

In the student examples presented above, both of the students are able to recall a 

variety of activities from their science instruction, but the treatment student uses four 

different science vocabulary words in their description and the control student only uses 

two words. These student interview examples support the interview findings related to 

the number of references for each of the students that was presented in Table 4.4 above, 
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which stated that the more frequent use of science vocabulary was seen in the treatment 

student interviews, especially for the students from the science condition.  

Summary of students’ use of science vocabulary. The findings from the 

analysis of the three main data sources presented in this section had somewhat mixed 

results in terms of the effects of the treatment on students’ use of science vocabulary. The 

quantitative analysis of the vocabulary section from the science content assessment did 

not find significant differences between the control and treatment for either condition. 

However, the findings from the qualitative analysis of the science notebook and student 

interview data sources suggest that the treatment students from both the science and 

engineering condition had an increased use of science vocabulary when compared to the 

control students. The higher average vocabulary scores supported this increased use of 

science language for the treatment students from the science notebook analysis. In the 

science condition the treatment students’ average score was 2.92 words compared to the 

average score of 1.21 words for the control, and in the engineering condition the 

treatment average was 2.27 words compared to 1.68 words for the control. This increased 

use of science vocabulary for the treatment students was also supported by the student 

interview analysis, which found that the treatment students in both conditions more 

frequently referenced science vocabulary in their interviews. Therefore, the results from 

these three data sources suggest that even though group difference were not seen in the 

vocabulary section of the science content assessment, the qualitative analysis from the 

science notebooks and student interviews provided evidence of increased use of science 
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vocabulary for the treatment students who were exposed to the integrated nonfiction 

reading and science instruction. 

Student Learning in Engineering 

Student learning in engineering was also measured through a variety of 

quantitative and qualitative data sources and analysis. These findings came from the 

analysis of pre and posttest student content assessment in engineering, a content analysis 

of individual students’ science notebooks, and the semi-structured student interviews. It 

is also important to note that since this section deals with students learning in 

engineering, only those students who participated in the control and treatment classrooms 

for the engineering condition will be considered in the findings for this section. Those 

students in the science condition did not have an engineering condition did not have an 

engineering component as part of their science instruction during this trimester and 

therefore were not included in this section (see Chapter 3).  

 Integrated engineering and science content assessment. This data source was 

initially designed to be an engineering content assessment which would measure 

students’ engineering learning; however prior to data collection this assessment was 

modified and part of that change resulted in the assessment measuring student learning in 

integrated science and engineering content instead of the initially designed engineering 

content. A description of the pre/post assessment that was administered and the reasons 

behind the modifications will be discussed in more detail in this paragraph. This first 

measure of student learning is quantitative in nature and includes the analysis of students’ 

pretest and posttest scores on the engineering section of the content assessment. The 
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engineering portion of the pre/post content assessment was an additional section that was 

added to the end of the science content assessment and included questions from the 

Engineering is Elementary (EiE) Stick in the Mud end of unit assessment (www.eie.org). 

Initially, this additional section of the content assessment was added to the research 

design in order to provide a quantitative measure of student learning in engineering. 

However, due to unforeseen limitations (see Chapter 3) sections of the engineering 

posttest were shortened to meet teacher concerns regarding a lengthy assessment that 

would result from assessing content in both science and engineering. Upon deeper 

analysis of the content assessment that was administered, it was found that the questions 

were not good measures of student learning in engineering and instead were asking 

students about science content that was related to the engineering unit they had just 

completed. (See Appendix X for all content assessment questions). This analysis is 

further supported by the EiE curriculum manual, which states that the questions that 

come later in the end of unit assessment measure the science and engineering topics 

covered in a specific unit (www.eie.org). A sample question from the integrated 

engineering and science assessment can be seen in Figure 4.12 below.  



 

 153 

 
Figure 4.12 Example question from integrated engineering and science assessment 
 
 
As seen in this sample question from the end of unit content assessment, the students 

have to consider which properties are best for their foundation and weighing these 

multiple factors is an engineering concept, the content understanding that is being tested 

is largely science and deals with river erosion and the strength of various soils. Therefore, 

the results from the content assessment presented in this section are more representative 

of a pre/post measure of students’ science learning of integrated science and engineering 

than as a measure solely of students’ learning of engineering content. 

Student pre and posttest means for the control and treatment classrooms are 

presented in Table 4.3 below. These group means reveal that even though both 

classrooms had similar average pretest scores, with 3.08 and 2.88 for the control and 

treatment respectively, the treatment classroom had a slightly higher average posttest 
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score with 6.12 points for the control and 6.6 points for the treatment. This larger mean 

difference between the pre and post assessment suggests that the treatment students 

outperformed the control students and therefore had a larger increase in their science 

learning.  

 
Table 4.3.  

Means for EiE content assessment measuring integrated science and engineering learning 

 Group 
 Control  

(n= 26)  Treatment 
(n= 27) 

 Pretest Posttest  Pretest Posttest 
Score 3.08 (39%) 6.12 

(77%) 
 2.88 

(36%) 
6.60 
(83%) 

 
 

A one-way ANCOVA was conducted to determine if this difference in mean 

scores on the integrated science and engineering content assessment exists based on the 

dependent variable or instructional method that was used in each of these classrooms. An 

ANCOVA was chosen due to the ability for this test to statistically reduce some of the 

uncontrolled variability in the posttest scores while preserving the differences between 

the groups by adjusting the posttest scores for the pretest variability, or covariate. The 

results of the ANCOVA for the measure of student learning on the integrated content 

assessment were marginally significant, F(2, 47) = 2.33, p = 0.10, suggesting that while 

there was not a statistically significant difference of p<0.05, there was a marginally 

significant difference in the post test scores with the treatment performing better than the 

control group when controlling for the pretest scores.. When considering the relative size 
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of this marginal difference between the two groups, an effect size estimates the amount of 

variation that is accounted for by the treatment, which in this case is the instructional 

method. There was found to be a small effect size, f = 0.225 (Cohen, 1998), for the 

instructional method which signifies that while a difference exists, this difference 

between the two group means is relatively small. The small effect size further supports 

the claim that there was only a marginally significant difference between the two groups 

with only 4.8% of the variation in these posttest scores able to be explained by the 

treatment, or the integration of a nonfiction science trade books during science 

instruction. 

 Student science notebooks. The second data source that was used to determine 

the impact of integrated nonfiction science trade books on student learning in engineering 

during the integrated science and engineering unit was individual student notebooks. The 

notebooks were analyzed using content analysis (Krippendorf, 2013) and according to the 

same procedure described in the previous section of this chapter in regards to science 

learning and student notebooks. The content analysis of the student notebooks was 

measured using two different student understanding rubrics for engineering that were 

developed in order to rate students’ conceptual understanding of the central concepts of 

engineering and engineering design from the integrated science and engineering unit 

(Figure 4.13 and 4.14 below). Similar to the science rubric that was developed to measure 

student understanding of the unit objectives related to erosion, the engineering rubrics 

were also based the unit content objectives and assessment according to specific, selected 

lesson which provided evidence of student understanding of the central concepts for 
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engineering represented in the integrated unit. Within the student understanding rubrics 

for engineering, the larger central concepts were divided into small sub-ideas related to 

the overarching central concept, and students were assigned a point if the notebook entry 

from the selected entry contained evidence of any of the sub-ideas. For example, one of 

the sub-ideas of engineering design was identifying the problem that students were trying 

to solve within their design challenge and if students were able to correctly identify the 

problem in their notebook entry then they were awarded one point for the sub-idea of 

identifying problems. 

The lesson that was selected from students’ notebooks as most appropriate for 

assessing the central concepts of engineering and engineering design through student 

work was the final lesson from the EiE curriculum unit, Stick in the Mud. The lesson, 

titled Evaluating a Landscape, was implemented as part of students’ instruction during 

days 10 -13 of their integrated unit and during this lesson students work in groups as they 

engage in an engineering design process to solve the design challenge of where is the best 

spot to build a Tarpul, or suspended wire bridge. This selected lesson is organized into 

three main sections, preliminary recommendations, engineering design process, and the 

final engineering report to their client, the village elders. Each of the three sections have 

their own notebook entries that were used to assess student understanding of engineering. 

The notebooks entries that were completed for each of the sections of this selected lesson 

and the analysis of student work for these entries will be described in more detail below.  

During the initial analysis of the three sections of the selected lesson, it was 

determined that the related notebook entries for these three sections were asking students 
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to provide evidence for two central concepts, which included an understanding of 

engineering and engineering design. Therefore, a single rubric would not be able to 

adequately capture and measure the evidence of engineering and engineering design due 

to the differences in how the lesson sections were structured and the types of evidence 

these sections were asking students to provide in their notebooks. To help address the 

need to measure evidence for two central concepts, engineering and engineering design, 

two separate student understanding rubrics were developed for use with the three sections 

of this lesson. These rubrics are presented in Figure 4.13 and Figure 4.14 below. 

Central Concept: Engineering Design 
EiE Lesson 4, Engineering Design Packets 
Points Criteria (Evidence of….) 
Identify the Problem: ASK (0 - 2 points) 

1 Need to cross the river 
1 Where to build 

Background Info: ASK  (0 – 4 points) 
1 Understand that river curves erode faster 
1 Provide a reason for why curves erode faster 
1 Understand that more compaction is more stable 
1 Understand that rocky soil is more stable/stronger than organic soil 

Brainstorm: IMAGINE (0 – 5 points) 
1 Identifies more than one idea and the ideas are different  

0- 3 Understands that there are advantages to each site. 
(1 point for each: proximity, soil type, straight river.) 

0- 4 Understands that there are disadvantages to each site. 
(1 point for each: proximity, soil type, straight river, needs compaction) 

Plan  & Test: PLAN, CREATE (0 - 3 points) 
1 Complete PLAN sheet 
1 Complete CREATE sheet 
1 Built prototype according to plan 

Evaluate: ASK & IMPROVE (0 - 3 points) 
1 Understands that a successful design needs to be test 
1 Understands that a successful design is measured by a low score 
1 Identifies a area for improvement 

 Total: 17 points 
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Figure 4.13 Student understanding rubrics for the conceptual understanding of 

engineering design  

 

The first rubric (Figure 4.13 above) measure students’ understanding of 

engineering design and was based on the processes of design indicators from the 

Framework for Quality K-12  Engineering Education (Moore, Glancy, Tank, Kersten, 

Stohlmannn & Smith, in press), grades 3-5 ETS1 Engineering Design standards from the 

NGSS (NGSS Lead States, 2013), Engineering Disciplinary Core Ideas for grades 3-5 

from the Framework for K-12 Science Education (NRC, 2012), and components of the 

EiE Lesson 4 formative assessment rubric. The first rubric for understanding of 

engineering design contains the following five main sub-ideas: problem, background, 

brainstorming, plan & test, and evaluate. Students could be awarded multiple points for 

each of these sub-ideas and therefore this first rubric has a total of 20 possible points.  
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Central Concept: Engineering  
EiE Lesson 4, Final Engineering Report 
Points Criteria (Evidence of….) 
Design Criteria (0-4 points) 

1 Includes site recommendation 
1 Includes test results 
1 Mention of proximity to site D 
1 Include compaction recommendation 

Relevant Science Concepts (0-2 points) 
1 Understand that a straight part is better due to less erosion 
1 Understand that a rocky soil is better than organic soil 

Engineering Concepts (0-4 points) 
1 Understand that trade-offs need to be considered 

0 - 2 Understand that safety and cost are important considerations  
(1 point assigned for each: safety, cost) 

1 Understand their design should be based on their test results  
(1 point for using site with their lowest score) 

Vocabulary (0 – 1 point) 
1 Correct use of erosion 

 Total: 11 points 
Figure 4.14 Student understanding rubrics for the conceptual understanding of 
engineering  

 

The second engineering rubric, Figure 4.14, measures students’ understanding of 

the central concept of engineering as demonstrated through their final engineering report 

and includes four sub-ideas, design considerations, relevant science concepts, engineering 

concepts, and vocabulary, for a total of 11 points. It is also important to note that the 

engineering lessons were completed as cooperative groups and due to this organization 

all of the students from one group had the exact same notebook entries, which they had 

copied from their group packet. Therefore, student understanding was assessed at the 

group level for engineering understanding instead of at the individual level as was seen 

with the science notebook entries for erosion. The following subsections will describe the 
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student notebook results from each of the three sections of the selected lesson: 

preliminary design recommendations, engineering design process and the final 

engineering report.  

 Preliminary design recommendations notebook entry. Student notebook entries 

from the first section of the selected lesson was from the preliminary design 

recommendations activity in which students were asked to identify possible “good” sites 

for the building of the Tarpul bridge and communicate ideas and reasoning about the 

amount of compaction they would recommend. Since this task was asking students to 

identify relevant background information for the design challenge, a modified version of 

the background sub-idea from the engineering design rubric (see Figure 4.13) was used to 

assess student understanding and there was a total of 7 possible points. The rubric scores 

from the preliminary design recommendations entries were found to be similar between 

the control and treatment groups, with an average score of 2.43 and 2.71 for the control 

and treatment respectively. The distribution of notebook scores for the control and 

treatment are presented in Figure 4.15 below. Before presenting the detailed analysis 

student responses to this activity, it is important to point out that the directions at the start 

of the activity sheet that were read aloud by the teacher in both classrooms states, “Based 

on what you learned about erosion along a riverbank, circle the site or sites that you think 

are good locations to build a Tarpul”. This is important because it points to the fact that 

the directions were prompting students to think about erosion and the shape of the river at 

the different locations. 
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Figure 4.15 Distribution of notebook scores for students’ partial understanding of 

engineering 

 

Even though the overall notebook scores were similar, when looking at the scores 

on the sub-ideas for this notebook task, there is a slight difference on the types of 

reasoning that the control and treatment groups gave as support for their preliminary 

design recommendation. The distribution of the sub-ideas for the two groups can be seen 

in Table 4.4 below. Overall, the students from both groups did a better job on identifying 

why a site was a good choice than on their reasoning about compaction and why they 

chose that amount of compaction.  
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Table 4.4  

Distribution of Sub-Ideas for Preliminary Design Recommendations Notebook Entries 

 Why is it a Good Site?  Why use Compaction? Average 
Overall 
Score 

 River 
Shape 

Erosion Soil Distance  Erosion Soil  Stability 

Control 1 1 4 4  2 2 3 2.43 
Treatment 4 3 3 2  2 2 3 2.71 
 

However, when looking at students’ reasoning behind their chosen “good” site, 

the control groups were more focused on reasons directly related to a previous lesson on 

soil type that was completed as part of the unit than on their learning around erosion and 

river shape. In contrast, the treatment groups focused their reasoning more on the shape 

of the river at each site and how that affected erosion, which was more closely tied to the 

prompt at the start of the lesson that required students to recall and apply what they 

learned about erosion along a river.  

To help further illustrate some of the similarities and differences that were seen 

between the control and treatment groups in this first notebook entry, student notebook 

examples from both classrooms will be presented. Since these notebook entries were 

completed as cooperative group tasks, it was not as easy to select “average” students’ 

entries for comparison based on content assessment scores as was done with the notebook 

entries for science learning. Therefore, a different approach was used with the 

engineering notebook entries that will be presented throughout this section; this included 

selecting notebook examples that were representative of the codes and patterns seen in 

notebook entries for the control and treatment groups.  
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The first set of notebook examples from the preliminary design recommendation 

entry are from three different groups in the control classroom, and include their responses 

to the question, “Why do you think these are good sites on which to build a Tarpul?” It is 

also important to point out that the directions at the start of the activity sheet state, 

“Based on what you learning about erosion along a riverbank, circle the site or site that 

you think are good locations to build a Tarpul.” Here are some of the responses from the 

control groups (grammar mistakes corrected): 

Control Group 4: D is a good site because it has rocky soil and its closest to 
the clinic. 
 

Control Group 5: A and H because it has rocky soil and it will be more stable. 

Control Group 6: A and E because they are close and the Tarpul will be 

stable. 

 

As can be seen in these notebook examples, the students from the control classroom 

placed an importance on the soil experiments that they had completed in the previous 

lesson and the proximity to the location where the villagers wanted the Tarpul to be 

placed. The analysis of the recommendations for the students in the treatment classroom 

found that these groups provided slightly different reasons behind what made a good site 

for the Tarpul. Several notebook examples are presented below to help illustrate these 

differences in the treatment group responses on the same question from the preliminary 

design recommendations activity (grammar mistakes corrected): 

Treatment Group 2: H is a good site because it’s rocky and straight. B 
wouldn’t be as good because there is too much of 
a curve, but it’s all rocky. C would be good but 
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there’s organic soil and a bend. 
 

Treatment Group 3: A and H because they are on straight segments of 
the river where there would not be as much 
erosion. 
 

Treatment Group 4: A is a good site because A is close enough and 
sturdy, and it won’t erode because the water is 
going straight. 
 

 
These examples from the treatment group help to illustrate the idea that the reasoning of 

the students in the treatment group for what made a good site for the Tarpul was more 

focused on the shape of the river, which was slightly different from the control groups’ 

focus on the type of soil at each location.  

 Engineering design process notebook entry. The second notebook entry that was 

used to measure student understanding of engineering assesses the central concept of 

engineering design. As stated earlier, the engineering design rubric contained five main 

sub-ideas for a total of 20 points. This can be seen in the engineering design student 

understanding rubric in Figure 4.13 above. The analysis of the engineering design student 

notebook entries found that the rubric scores were similar between the two groups, with 

the treatment students having a slightly higher mean score of 14.57 points compared to 

only 12.29 points for the control students. Figure 4.16 presents the distribution of 

notebook scores as measured by the student understanding rubric for engineering design 

and highlights the slightly higher scores given to the treatment student notebook entries. 
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Figure 4.16 Distribution of notebook scores for students’ understanding of engineering 

design 

 

 For this second notebook entry, the average scores for each of the five sub-ideas 

within the engineering design rubric were slightly higher for the treatment than for the 

control groups, which likely resulted in the higher overall scores. The average scores for 

each of the sub-ideas are presented in Table 4.5 below. Some of the notable differences 

between the control and treatment groups from the analysis of these sub-idea scores can 

be seen in the background, brainstorming, and evaluation sub-ideas.  
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Table 4.5  

Average Sub-Idea Scores for Engineering Design Notebook Entries 

 Problem 
(0-1 
pts.) 

Background 
(0-4 pts.) 

Brainstorm 
(0-8 pts.) 

Plan & Test 
(0-3 pts.) 

Evaluate 
(0-3 pts.) 

Overall 
Score 

Control 0.86 2.21 4.85 2.71 1.57 12.29 
Treatment 1 2.57 5.71 3 2.28 14.57 

 

The background sub-ideas looked at the ability of the students to provide the 

science content around erosion and compaction that would be necessary background for 

their engineering design challenge and the treatment groups provided slightly more 

evidence of the necessary science background than the control, especially in the area of 

erosion. When looking at the brainstorming sub-idea scores both groups provided 

multiple design ideas and received similar points for this part of the brainstorming sub-

idea. However, the treatment groups identified more advantages and disadvantages for 

each of their proposed sites than the control groups, which resulted in a slightly higher 

average score for the treatment groups. The advantages and disadvantages portion of the 

brainstorming sub-idea asks students not only to recognize that each site has pros and 

cons which introduces the engineering idea of trade-offs, but also asks students to be able 

to provide evidence of this understanding by applying their background knowledge 

around each of the design considerations.  

The final sub-idea analysis, which provides interesting differences between the 

control and treatment classrooms is from the evaluate sub-idea. While all of the groups in 

both the control and treatment classrooms identified an area for improvement to change 

for their redesign, the treatment group, on average, scored higher the evaluate subsection 
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(Figure 4.13), which measures group identification of areas of improvement in their 

design and the design success at meeting the needs and goals of the client, with a score of 

1.28 as compared to 0.78 for the control. These differences suggest that the treatment 

group often identified more than one reason for what makes their design successful, 

where as the control did not always correctly identify either of the two reasons. In fact, 

none of the seven control groups presented more than one reason and three of the groups 

did not provide evidence of a correct understanding of how to know if their design would 

be successful. In comparison, three of the seven treatment groups correctly identified 

both reasons and only one of the groups did not provide evidence of the correct reason.  

 The following student notebook examples from the second engineering entry 

looking at engineering design help to illustrate some of the differences that were seen in 

the notebook rubric scores for the background and evaluation sub-ideas. The first set of 

engineering design process student notebook examples that will be presented are part of 

the background sub-idea from the engineering design challenge, which asks students 

about the science concepts of erosion, soil type, and compaction that are related to the 

engineering design challenge. The fist two sets of examples that will presented in this 

paragraph come from one control and one treatment group as part of the EiE ASK 

worksheet. The first set of examples is the student responses to the question, “What do 

you already know about erosion?”: 

Control Group 1: Curves have a lot of erosion. 
 

Control Group 5: More erosion goes on in curved parts than straight. 

Treatment Group What we already know about erosion along a riverbank is 
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2: that it erodes more quickly on curves and it changes shape 

over time. 

Treatment Group 

7: 

When water rushes down it hits a curve and erodes more. 

 

While a majority of the groups in both the control and treatment classrooms identified the 

first part of the sub-idea that more erosion occurs along curved sections of the river. The 

examples provided above illustrate some of the differences seen in the rubric scores for 

the background sub-ideas with the treatment groups frequently provided more detailed 

evidence of how erosion impacts their designs or why there is more erosion on curved 

sections of the river which is the second part of the sub-idea. The second set of examples 

are also included as part of the background sub-idea and include one control and one 

treatment group response to the question, “What do you already know about how soil 

type and compaction affect the Tarpul?”: 

Control Group 5: The more compacted soil is stronger. 
 

Treatment Group 

3: 

The rocky soil is the best and when you compact it, it is 

even more stable. 

 

For this section of the background sub-idea, the control groups consistently identified 

that compaction causes the soil to be stronger or more stable, as seen in the example from 

Control Group 5 above. The treatment group also consistently identified that compacted 

soil was stronger or more stable, but as seen in the response from Treatment Group 3, 
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several of the treatment groups also identified that they rocky soil was more stable then 

the organic soil. Overall for the background sub-idea, the treatment group provided more 

evidence of the multiple pieces of this sub-idea than the control group and was therefore 

awarded more points for their more complete responses. 

 The second sub-idea from the engineering design notebook entry that will be 

explained in more depth through representative student notebook examples is the 

evaluate sub-idea, which consisted of two parts, identifying what makes their design 

successful and identifying a specific design consideration to change for their redesign. 

The largest difference between the control and treatment groups was seen in the first part 

of the evaluate sub-idea, where students provided a response to the question, “how will 

you know if you design is successful”. Student responses to this question are presented 

below: 

Control Group 1: You have to test the two soils. 
 

Control Group 3: You test it. 

Treatment Group 

1: 

The way we will know if our design is successful is we will 

have a low score (in reference to meeting the points awarded 

when testing the design).  

Treatment Group 

2: 

How we will know if our design is successful is that it is 

going to hold a lot of weight and we are going to get a good 

score. 
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As seen in the student examples presented above, the control groups did not always 

present evidence of a correct understanding, as was the case for the response provided by 

Control Group 1. Control Group 3 identified that it is important to test a design to 

determine if it was successful, but that response did not include how they would test it or 

which results were desirable for this specific to this design challenge. While both of the 

treatment groups did not explicitly state that they needed to test their design, they both 

identified that the resulting score would determine the success of their designs and this 

would come from getting a low score and being able to hold a lot of weights. 

 Engineering final report notebook entry. The largest differences in the notebook 

rubric scores between the control and treatment groups were seen in the more open-ended 

task of writing up the final engineering reports. These engineering reports were the third 

and final measure of students’ understanding in engineering, and they were assessed 

using the student understanding rubric for engineering presented in Figure 4.14 above. 

This rubric measured evidence of student understanding in engineering through the four 

sub-ideas of design considerations, relevant science concepts, engineering concepts and 

vocabulary, with a total of 11 possible points. The analysis of this third notebook entry 

revealed that the treatment group scored on average 2 points higher on this task than the 

control with the mean score of 5.14 for the control and 7 for the treatment. The 

distribution of the rubric scores and the overall average rubric scores for the students’ 

final engineering reports can be seen in Figure 4.17. 
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Figure 4.17 Distribution of notebook scores for students’ understanding of engineering 
 

While the groups scored similarly for the first sub-idea, which included 

addressing the four design considerations, the largest differences in these scores were 

seen in the inclusion of relevant science and engineering concepts as support for their 

Tarpul recommendations in this one-page report. The distribution for the number of 

groups in each classroom that provided evidence for each of the sub-ideas can be seen in 

Table 4.6 below.  

 
Table 4.6  

Distribution of Sub-Ideas for Final Engineering Report Entries 

 Design Considerations  Science   Engineering  Vocab 
 

Give 
Site 

Test 
results Distance 

Compactio
n  

River 
type Soil  

Lowest 
Score 

Safety, 
cost, or 

trade-offs 

 

Erosion 
Control 7 5 6 5  2 2  5 1  3 
Treatment 7 2 7 7  5 5  7 6  4 
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When looking at the first sub-idea, design considerations, evidence of the 

components of this sub-idea was similarly presented in the reports from both the control 

and treatment classrooms with most of the groups in both classrooms provided 

information about all four of the design considerations in their final reports. The largest 

difference within this sub-idea between the two groups was that the control classroom 

more often presented the information for the design considerations within the context of 

their test results. As seen in Table 4.6, the more prevalent differences between the two 

groups were seen in the amount of evidence related to the relevant science and 

engineering concepts that each group included in their final report. The inclusion of these 

science and engineering concepts were most often presented as support for the design 

recommendations. While there were two of the control groups which provided evidence 

of these concepts, it was more frequently included in the treatment groups’ reports with 

five out of the seven treatment groups including both the shape of the river and the soil 

type in their reasoning. The other large difference that was seen in the analysis of the sub-

ideas was in the inclusion of engineering concepts in the final report. All but one of the 

treatment groups referenced the engineering concepts of safety, cost, and/or trade-offs in 

their final reports, where as only one of the control groups referenced these engineering 

concepts in their final reports.  

 Two student groups’ final engineering reports will be presented and described in 

this next paragraph to provide a more complete picture of the differences that were seen 

between the groups in the open-ended task. The first report presented below is from 

Group 6 from the control classroom (grammar corrected): 
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Dear Village Elders, 
We, group 6, think that site D would be the best place to build the Tarpul 
because the Tarpul can hold 43 weights. That’s a good score. Also we 
think that we should compact the soil ½ [of an inch] for each side because 
then the Tarpul can hold more weight. It is good to choose site D because 
it is close to the village, school, and clinic, also the soil is rocky and 
organic, which can help with the Tarpul.  

 
As illustrated in that student example, this group addressed all four of the design 

considerations and those aspects were the focus of their letter and site 

recommendation. As seen in Table 4.6 above, the focus on the design 

considerations as support for their recommendations was common across the 

control group final reports. The next student example is the final engineering 

report from Group 3 in the treatment classroom, which provides a different 

approach and reasoning behind their recommendations (grammar corrected): 

 
Dear Village Elders, 
We recommend site H because it is strong and on a straight part of a river 
so there would not be very much erosion. It may be far away, but it is the 
strongest choice for your village. We think both sides should be 
compacted ¼ of an inch. We think this is the best amount of compaction 
because it is still strong, but it does not cost as much as ½ of an inch. It 
has rocky soil on both sides. From your friends at group 3. 

 
The identification of design considerations was also seen in this treatment group’s 

final report, but in addition to identifying the design consideration this group 

included their reasoning behind their Tarpul site recommendations by integrating 

relevant science background as support for these recommendations. For example, 

in this report the students referred to the recommended site being on a straight 

part of the river, which would result in less erosion for the Tarpul. The treatment 

groups also frequently incorporated engineering concepts into their final reports, 
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which was rarely seen in the final reports from the control classroom. As seen in 

this particular example from treatment Group 3, their report touched on the 

engineering concepts of cost in terms of the reasoning for their recommendation 

for ¼ inch compaction instead of ½ inch because “it does not cost as much as ½ 

of an inch” which would have been stronger. This group also addresses the 

importance of considering trade-offs when talking about how site H “may be far 

away, but it is the strongest choice” along with the previous example of 

compaction and cost. Overall, the treatment students had higher scores on their 

final reports due to the inclusion of these additional concepts that were used as 

support for their site recommendations. 

Student interviews. Similar to the Student Learning in Science section presented 

above, student interview data was the third data source used to assess student learning in 

engineering and allowed me to capture information regarding students’ retention of 

content knowledge and their ability to see and identify connections between different 

engineering and science concepts. The same 12 students that were included as part of the 

science learning analysis described above were interviewed following their completion of 

the science and engineering instructional unit. However, due to the fact that only half of 

the classrooms participated in the integrated science and engineering unit only those six 

students that participated in the integrated unit and their interview data were considered 

for this section of the engineering analysis. The student interviews were conducted 

individually and approximately one week after the competition of the unit following the 

same semi-structured format for each student (see Chapter 3). The post interview was 
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intended to prompt students to reflect on the activities and their learning in the science 

and engineering unit. The interviews for the six students from the engineering condition 

were recorded, transcribed, and then coded multiple times using a combination of pre-

determined and open coding methods (Miles et al., 2014). The same coding process 

described in the Student Learning in Science section was used for the analysis of the 

interview data for evidence of engineering. The initial cycle of coding involved the 

careful review of interview transcripts and coding them for evidence of the pre-

determined concept codes, which consisted largely of engineering concepts, and for 

evidence that did not fit with any of those pre-determined codes. As previously 

mentioned, the initial coding was used not only to provide a frequency of the type and 

number of engineering concepts identified by each student, but it also allowed for the 

chunking of related student ideas around those different concepts (Miles et al., 2014). As 

the initial codes were being assigned to the interview data and the data were being 

chunked into categories, patterns were identified from the chunked data. Further analysis 

of these patterns resulted in the same two themes presented earlier in the Student 

Learning in Science section, which were 1) retention of science content knowledge, and 

2) connections between concepts. The findings and student interview data from these two 

themes in regards to engineering will be presented in the sub-sections below. 

Retention of engineering content knowledge. This first theme captured the 

student references that were made in regards to the engineering concepts that they 

remembered and recalled from the integrated science and engineering unit that they just 

completed. To provide a visual representation of the coding and analysis that resulted 
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from the initial cycle of coding, models of individual student data were constructed for 

each of the 6 students interviewed from the engineering condition. To present an 

overview of the student interview data for each of the classes, the individual models from 

each classroom were merged into one classroom model. This model represents the first 

theme, retention of engineering content knowledge,that emerged as it presents the type 

and frequency of the engineering concepts that were identified during coding of the 

interview data. 

 The two classroom models will be presented first followed by student examples and brief 

descriptions of the engineering concepts presented in the models to provide a more 

detailed picture of the interview data presented by the control and treatment students 

from the engineering condition. 

 The same organization and representations that were used for the interview 

models presented in the earlier section on Student Learning in Science is also used for the 

two models presented in this section. This means that circles represent the themes that cut 

across all three of the students from the same classroom. Diamonds represent those 

content ideas found across two of the student interviews, and those content ideas 

identified in only one student interview are represented by a square. The number of 

references made to each of the themes is presented by the color of the shapes in each of 

the models. With the darker colors representing a higher number of references to that 

theme and the lighters colors representing a lower number of references.  

 The first of the two models (Figure 4.18 below) represents the codes from the 

control classroom student interviews. The codes that emerged from the control interview 
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data included: design challenge, Tarpul, engineering design process, and geotechnical 

engineering. 

  

Figure 4.18 Model of post interview and frequency of content ideas for control students 

in the engineering condition The shapes represent the number of students who referenced 

each of the concepts with the square for one student, diamond for two, and circle for three 

students. The tone and number in parenthesis represents the number of references made 

to each of the concepts with the darker colors signifying a higher number of references. 

 

When looking at the codes that are represented in Figure 4.18 in terms of the first 

theme, retention of science content knowledge, there are two codes, Tarpul and Design 

Challenge, which were referenced by all three of the student interviews and were often 

referenced more than one time in each of the students’ interviews. This suggests that all 

three of the control students from the engineering condition were able to recall 
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information about the engineering design challenge and the Tarpul. The remaining two 

content ideas, geotechnical engineer and engineering design process, were only 

mentioned once by a single student, suggesting that these two content ideas were less 

common when looking at their retention by students following the completion of the unit.  

The second model, Figure 4.19 below, represents the codes mentioned by the 

three students in the treatment classroom. For this second model, the engineering themes 

included: design challenge, Tarpul, engineering design process, geotechnical 

engineering and safety.  

 

Figure 4.19 Model of post interview and frequency of content ideas for control students 

in the engineering condition The shapes represent the number of students who referenced 

each of the concepts and the tone and number represents the number of references made 

to each of the concepts with the darker colors signifying a higher number of references. 
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The presentation of the content ideas in Figure 4.19 above, shows that for the 

treatment students there were two content ideas that were common to all three students, 

Tarpul and design challenge, and six references suggests that all three students recalled 

multiple ideas about those two content areas. Less commonly referenced was the 

engineering design process, which was mentioned by two of the students and the 

remaining two content, safety and geotechnical engineer, were only referenced by one 

student.  

 When looking at the extent to which the control and treatment students addressed 

the first interview theme of retention of science content knowledge, the two models 

identify that there were four content ideas that were referenced by the control and 

treatment students suggesting that both groups were able to recall information about the 

following engineering concepts presented in this unit: design challenge, Tarpul, 

engineering design process, and geotechnical engineering. Both the control and treatment 

classrooms made reference to the design challenge and their Tarpul model when 

describing what they did and learned in this integrated science and engineering unit. 

While all of the students mentioned the design challenge and the Tarpul, the treatment 

students had a higher number of references in both of those categories. There was one 

explicit student reference to learning about engineering design processes in both 

classrooms, but the treatment classroom also had a few references referring to various 

steps of engineering design without explicitly calling them engineering design. One 

student in the control classroom and one student in the treatment classroom made a 

reference to learning about the field of geotechnical engineering in this unit. A final 
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comparison of the first interview theme, retention of engineering content knowledge, is 

that a student in the treatment classroom mentioned an additional content idea, safety, 

which was not present in the control classroom.  

The engineering content ideas that emerged in the student interview data and 

presented in Figure 4.18 and 4.19 above, will be described in more detail in the following 

sub-sections. These brief descriptions will expand on the types of science concepts that 

were referenced in the student interviews and excerpts from the student interview data 

will be included in the theme descriptions.  

 Design challenge. The first engineering theme to be presented is design challenge 

and this theme contains student references to the specific engineering design challenge of 

determining which site is the best location to build the Tarpul or wire bridge. As seen in 

the models above (Figure 4.18 and 4.19) all six of the students, three from each of the 

two classrooms, mentioned the design challenge in their interviews when asked about the 

engineering design challenge from this unit. While the overall number of references made 

by the students was similar between the control and treatment interviews and all students 

identified that the design challenge was focused on the Tarpul, the descriptions of the 

design challenge and the design considerations were more detailed in the treatment 

student interviews. Here are two student interview examples that illustrate how students 

reference the engineering concept of design challenge in response to a prompt asking 

what they had learned in the science and engineering unit they had just completed: 

 
Control Student B: We focused in on building a Tarpul in a village and so we tried 

experiments and stuff. We did site B for one of them and site 
D for the other one. 
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Treatment Student B: We were learning about different kinds of landforms for the 
Tarpul and which soil would be sturdier, the rocky or the 
organic. And then in my table group, we planned out which 
soil we should use and how much compaction should we do. 
And then we got out soil, and then we started to put our Tarpul 
up and adding weights in it. 

 
The above examples illustrate how both students referenced the idea of the design 

challenge by talking about the building of a Tarpul as a goal they were completing. 

Additionally, both the control and the treatment students made a reference to the point 

that they were experimenting as part of the design challenge or what they were doing 

with the Tarpul. When comparing the number of references made to design challenge for 

the control and treatment students, the treatment had a higher number with sixe 

references compared to the four identified in the control interviews. 

 Tarpul. This encompassed the students’ references that were made to the 

description of the Tarpul and Tarpul experiments that were completed prior to the 

students’ working on the design challenge. While the students often mentioned the Tarpul 

during their discussion of the design challenge, this content idea was different from the 

design challenge because it was focused on the students’ descriptions of the Tarpul or 

their physical model, rather than what they were attempting to accomplish as part of the 

design challenge. For example, if the students mentioned that they were building a Tarpul 

and testing it with weights then that reference was included as part of the content idea 

related to design challenge because the students were using the word Tarpul in the 

context of the design challenge. Whereas, if the student was defining or providing a 

description of what a Tarpul was or of their physical model of the Tarpul then that 

reference was included as part of the content idea for Tarpul . This distinction was made 
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in order to clarify the differences between students’ understanding of the Tarpul model 

and the design challenge. The following student examples provide a picture of student 

ideas of the Tarpul, with the first examples illustrating the students’ ability to recall the 

definition of a Tarpul, and the second set of examples providing student descriptions 

about the model Tarpul that they built during this unit. Here are the student responses 

when asked, “What is a Tarpul?” 

 
 
Control Student B: A Tarpul is like a thing where someone sits in a basket and 

then pulls themselves across somewhere where they couldn’t 
walk. So like a bridge. 
 

Treatment Student A: It is like a bridge and there is a rope and a little car that you 
can pull yourself across. 

 
 
Here is the second set of student examples, which provided information about how they 
built their Tarpul model: 
 
  
Control Student C: We built it by putting sticks in the dirt and wrapped string 

around them and put a cup on the string, so that the cup could 
hold the weights and move across. 
 

Treatment Student C: Well we have these little wooden dowels and we had string 
attaching to the two of them with a little cup. And we would 
insert those into two different soil types and see how much 
weight the strings and wooden dowels and the Tarpul could 
support. 

 

As seen from the examples above, students in both the control and treatment classes were 

able to define a Tarpul and provide detailed descriptions of the Tarpul model that they 

built during this unit. Additionally, the students in the control and treatment conditions 
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both had six overall references to Tarpul in their interviews suggesting that the students 

had similar recall of the content related to the Tarpul.  

 Engineering design process. While design challenge contained those references 

that were made to the specific design challenge presented in this unit, engineering design 

process includes more general ideas related to the larger concept of engineering design 

and the learning or completing of engineering design processes mentioned within the 

student interviews. To illustrate what was included as a content ideas within engineering 

design process two examples of how students addressed this idea are presented below:  

 
Control Student B: We learned about science and the engineering design process, 

and you can use it for many things, so we kind of focused in 
on geotechnical engineers. 
 

Treatment Student B: In engineering, we can use those steps, the engineering 
design process, to help us with problems. 

 
The two student responses presented above show how both students explicitly used the 

words “engineering design process” as well as making a reference that it is used by 

engineers “for many things” and to “help us with problems”. When looking at the 

frequency of the content ideas of engineering design process among students in the 

control and treatment, it was explicitly mentioned only once by one student in each of the 

groups. However, there were other implicit references to engineering design process 

made by the treatment students that included the planning, building and testing of ideas. 

Geotechnical engineering. The content of geotechnical engineering represents 

those references made to the specific field of engineering that are presented in the 

specific EiE unit A Stick in the Mud that was covered as part of their integrated science 
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and engineering unit. The following excerpts highlight how students referenced the idea 

of geotechnical engineering in their interviews:  

 
Control Student B: We kind of focused in on geotechnical engineers and we 

focused in on one subject, which would be building a Tarpul in 
a village. 
 

Treatment Student A: We learned about, like, geotechnical engineering and what 
they do and rocky and organic soil and how that makes a 
difference.  

 
 

As seen in the two examples presented above, there is a similarity in the content 

relating to geotechnical engineers for the references made by the control and treatment 

students. Also, similar to what was seen above with the references to the engineering 

design process theme, there was one student from the control and one student from the 

treatment classroom that referenced that they had learned about the geotechnical 

engineering in this unit. 

 Safety. The final engineering idea that was presented in the student interview data 

is the idea of safety, and this includes those interview references that addressed the idea 

that the design needed to be safe in terms of where or how the Tarpul was built. This 

theme was unique to Treatment student B and can be seen in the following example when 

she is explaining what she liked about the unit: 

 
Treatment Student B: We got to do a lot of different experiment and see what is 

sturdier for the Tarpul. And testing what is safe and where it is 
safe for the Tarpul. 
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This example illustrates that Treatment student B remembered that one of the engineering 

concepts addressed in the unit was the idea of safety that as engineers they should be 

considering what and where would be safe for their design.  

 In summary, the analysis of the student interview data provided additional 

information regarding the extent to which the first theme, retention of engineering 

content knowledge, was addressed from the engineering content in the student interviews 

from the control and treatment classrooms. Overall, the models show that while the 

treatment students had a slightly higher number of references and mentioned one 

additional content idea, both groups were fairly similar in terms of their retention of 

science content knowledge. 

 Connections between concepts. The second theme, connections between 

concepts, that emerged from the patterns in the data was this idea that students were 

linking multiple concepts or ideas together within their individual responses when 

referencing what they learned. The clustering and further refinement of codes during the 

data analysis, revealed that students were also making links between concepts in their 

references to engineering concepts in addition to their responses about science concepts 

and that in their responses students were getting at the bigger idea that there were 

connections between the concepts they were learning instead of thinking about these 

concepts as a set of unrelated facts or ideas. Examples of how students met this second 

theme will be presented in the paragraphs below with student examples to illustrate how 

students were thinking about these engineering concepts as connected ideas. 
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The first example of student interview responses that addressed the theme of 

connections between concepts can be seen in the following responses from a control and 

treatment student as they mention learning about engineering design processes: 

Control Student B: We learned about science and the engineering design process, 
and you can use it for many things, so we kind of focused in on 
geotechnical engineers. 
 

Treatment Student B: In engineering, we can use those steps, the engineering design 
process, to help us with problems. 

 

In this example both students make an explicit reference to the engineering design 

process and that it is something that used by engineers or in engineering, so they are both 

connecting the word engineering design process with this bigger idea that it can be useful 

to engineers and students. The control student is more general in terms of that “you can 

use it for many things” and the treatment student reference that it is a series of steps that 

they can use to help them solve problems. Therefore, in both of these cases, the students 

are able to connect what they were doing and learning with the bigger idea of a process 

used in the field of engineering. 

 A second example that illustrates this theme of making links in their thinking 

about these different concepts that they were learning can be seen in the following 

example from two students in the engineering condition as they were describing the 

engineering design challenge from this unit:  

 
Control Student A: 
(engineering 
condition) 

We were studying soils and compacting, and we were also 
building a Tarpul and seeing how many weights we could fit 
and trying to get the lowest number of points. 
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Treatment Student B: 
(engineering 
condition) 

We were learning about different kinds of landforms for the 
Tarpul and which soil would be sturdier, the rocky or the 
organic. And then in my table group, we planned out which 
soil we should use and how much compaction should we do. 
And then we got out soil, and then we started to put our 
Tarpul up and adding weights in it. 

 
 

In this set of examples, both students had a similar response in terms of the focus 

on getting to build and test their Tarpul, and that they were learning about soils. 

However, the control student’s response ended largely with those two ideas of studying 

soil and building and testing the Tarpul. Whereas the treatment students’ response 

included additional details by explaining that they were learning about landforms and two 

types of soil, rocky and organic, that needed to be strong for their Tarpul. Not only did 

the treatment student make a connection to the related science concepts of landforms and 

soil type, but they also connected their answer about the Tarpul design challenge with 

this bigger engineering idea that in order to build the Tarpul they went through a series of 

steps that included planning the soil and compaction before testing the Tarpul with 

weights. When looking at how these examples met the second interview theme, it was 

unclear from the control student’s response if they make a connecting between the idea of 

studying soils and building the Tarpul or if their response was a list of ideas. The 

treatment student’s response, on the other hand, was worded so that the student was 

making a intentional connection to the science concept of studying “landforms for the 

Tarpul and which soil would be sturdier” and to the engineering concept that there was a 

process that was followed in order to build and test their Tarpul.  
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The final example further illustrates how students were thinking about and 

making connections between engineering concepts with this example that connects what 

the students were learning about the engineering design challenge with a bigger concept 

in engineering. In this example, one of the treatment students was talking about the 

science and engineering unit and why they liked this particular unit: 

 
Treatment Student B: We got to do a lot of different experiments and see what is 

sturdier for the Tarpul. And testing what is safe and where it is 
safe for the Tarpul. 
 

 

In the example, the student is not only connecting the idea of testing and experimentation 

to the Tarpul to make sure that it is sturdy, but also alluding to the fact that they needed 

the Tarpul to be safe. Therefore, the student is connecting their design of where to put the 

Tarpul with the bigger engineering concept of safety, and that they were testing to see 

where would be safe for the Tarpul. 

 The second interview theme reveled a pattern that in several of the interview 

responses students were linking multiple ideas about engineering as well as linking ideas 

between engineering and science learning. This allowed for an additional measure of 

student learning in terms of how students were thinking about and seeing the connections 

between different components of their engineering and science content knowledge.  

In summary, the analysis of the student interview data resulted in the emergence of two 

themes that provided information about student learning from the students’ reflections on 

their learning. This provided insight in terms of how well the students retained the 

science concepts that they learned and how well they were able to express connections 
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between multiple science concepts. The findings and analysis for engineering learning 

from the first theme, which looked at the retention of science content knowledge, found 

that there were slight differences between the control and treatment student responses 

with the treatment students having a slightly higher number of references and mentioning 

one additional content idea. For the second theme, connections between concepts, the 

findings and analysis revealed that while students from both the control and treatment 

showed some evidence of connecting multiple ideas, the treatment students more 

frequently expressed connections between multiple engineering concepts in their 

interviews. Additionally, the treatment students expressed more connections between 

their engineering and science learning within their interview responses than the control 

students who were less likely to include science learning in their responses.  

 Summary of student learning in engineering. The collection and analysis of 

multiple data sources provided a more complete picture of student learning in engineering 

that was presented in this section and included results from the analysis of content 

assessments, student notebooks, and student interview data. The quantitative results from 

the content assessment, while not a direct measure of engineering learning, showed that 

there was a significant positive effect of the treatment, or integration nonfiction science 

trade books on students’ integrated engineering and science learning. When looking at 

student learning in engineering across the three students notebook tasks, the treatment 

and control classrooms performed similarly when the task was more structured as seen in 

the student responses to the questions about the engineering problems or relevant science 

background information. However, when the task was more open-ended, as seen in the 



 

 190 

final engineering report, the treatment outperformed the control on providing evidence of 

engineering understanding and more often integrated science and engineering learning 

within their notebook tasks. These results are similar to what was seen in the content 

assessment with a larger increase in the treatment students’ learning in engineering when 

integrated with science content learning. The student interview data revealed that while 

the control students made references to the same engineering content ideas of design 

challenge, Tarpul, engineering design process, and geotechnical engineering within their 

interviews, the treatment students more frequently referenced these themes and expressed 

more connections between these different content ideas in their interviews. In summary, 

the analysis from these various data sources suggest that the treatment, or integration of 

nonfiction science trade books related to the science content, led to an increase in student 

learning in each of the three measures of engineering concepts that were integrated along 

with the students’ science content.  

Student Learning in Reading 

 Reading was the third content area that was examined when looking at the effects 

of integrated science, engineering, and nonfiction reading instruction on student learning. 

While the primary focus and the majority of the data collection for this research study, as 

directed by the research design (see Chapter 3), occurred during the science instruction in 

these fifth grade classrooms. The two research questions also intentionally included a 

focus on student learning in reading because it is important to examine the impact of 

integrated instruction on each of the content areas that are being integrated. As a result of 

the primary research focus being on the learning that was occurring during the 18-day 
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science instruction, there are less data and fewer measures of students learning in reading. 

The main data source that was used to measure student learning in reading included a 

pre/post content assessment. This section will explore the analysis and findings in regards 

to student learning in reading as measured by the pre/post reading content assessment. 

 The pre/post reading assessment was given to all four classrooms and 

administered by the classroom teacher before the first day and on the last day of the 

nonfiction reading instructional unit. As described in Chapter 3, this nonfiction reading 

unit was intentionally implemented at the same times as the science unit was being 

implemented to facilitate the integration between their reading and science instruction. 

The reading assessment has two major components, which measure students’ ability in 

reading comprehension and vocabulary. As mentioned in Chapter 3, the reading 

assessment was of a slightly different format than the science and engineering pre/post 

content assessments because the reading pretest and posttest was not part of a 

commercially prepared assessment. Both the pre and post reading assessment included 

nine similar, short-answer questions and a different reading passage for each assessment. 

The passages were selected from the same nonfiction text to attempt to control for the 

length and level of difficulty. The nine questions were designed so that six questions 

assessed student’s reading comprehension and the remaining three questions assessed 

their vocabulary.  

 Before the pre and post reading assessment could be analyzed, the assessments 

were scored on a scale of 0-18, where each question was assigned a value of 0, 1, or 2 

depending on the extent to which the student gave a complete answer. An example of the 
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scoring rubric that was used to assign the value for each question is presented in Table 

4.7 along with scoring examples for a comprehension question asking students to identify 

the main idea of a selected section of the passage. 

 

Table 4.7  

Reading Assessment Scoring Rubric with Scoring Examples from a Question Asking 

about Identifying the Main Idea 

Score Criteria and Examples 
0 Off track, vague. Does not answer the question. 
 Example: No main idea or details included in answer 

1 Partially Correct. The answer is on the right track, gives part of answer. 
 Example: Answer is getting at part of the main idea or some details.  

2 Correct and complete answer.  
 Example: Answer presents main ideas and details. 

 
 A single researcher individually scored all of the pre and posttest reading 

assessments. However, since this reading assessment was not commercially developed it 

didn’t provide a scoring rubric that could be used for reliability and validity in the scoring 

of the students’ reading pre and post assessments. Therefore, as described in Chapter 3, 

10% of the pretests and 10% of the posttests were scored by a second coder, who 

conducted research in the area of elementary reading comprehension, to ensure the 

reliability of the assessment scores.  

The results of the scoring of the pre and posttest reading assessments reveal that 

the treatment students in both the science and engineering condition had higher average 

overall posttest scores than the control classrooms suggesting that the treatment 



 

 193 

classrooms outperformed the control classrooms on the reading content assessment. 

Table 4.8 presents the pre and posttest means for the overall reading score as well as the 

breakdown of the comprehension and vocabulary scores for all four classrooms.  

Table 4.8.  

Means for literacy achievement measures 

 Science Condition Engineering Condition 
 Control 

(n=24 ) 
Treatment 

(n=25)  Control 
(n=26) 

Treatment 
(n=21) 

 Pretest Posttest Pretest Posttest  Pretest Posttest Pretest Posttest 
Overall 10.16 

(63%) 
10.84 
(68%) 

9.16 
(57%) 

11.28 
(70%) 

 9.30 
(58%) 

9.85 
(62%) 

9.05 
(58%) 

11.05 
(69%) 

Comprehension 8.66 9.05 7.88 8.80  7.35 7.19 7.48 8.19 

Vocabulary 2.87 4.32 3.22 4.42  1.96 2.65 1.57 2.86 

 
 When looking at the performance of the students in the science conditions, the 

treatment students had a slightly overall posttest scores with an average of 11.28 points 

compared to an average score of 10.48 points for the control students. In addition to the 

higher overall average score, the treatment students’ average score was also higher in 

each of the two subsections of the assessment, comprehension and vocabulary, than the 

control students. To determine if these mean differences in overall reading scores were 

significant, an ANCOVA test was conducted. The results of the ANCOVA for the 

reading assessment were not statistically significant, F(2, 41) = 1.71, p=0. 20, suggesting 

that there was not a significant difference between the performance of the control and 

treatment classrooms. An ANCOVA test was also conducted on the comprehension and 

vocabulary sections of the reading assessment to examine the differences seen in these 



 

 194 

subsections. The ANCOVA results were not found to be significant for either the 

comprehension, F(2, 41) = 2.27, p=0. 14, or the vocabulary subsections, F(2, 41) = 0.10, 

p=0. 75, suggesting that there were not significant differences between the control and 

treatment students from the science condition for either of these reading assessment 

subsections. 

An examination of the performance on the reading assessment of the students 

from the engineering condition reveal that the treatment students had a higher average 

posttest score on the reading assessment than the control students with a 9.85 and 11.05 

for the control and treatment respectively. Similar to what was seen with the performance 

of the students from the science condition (presented above), the treatment students also 

had a higher average score in both of the comprehension and vocabulary sections (see 

Figure 4.7 above). An ANCOVA test was conducted in order to determine if these mean 

differences between the control and treatment classrooms from the engineering condition 

were significant. The results from the ANCOVA for the overall reading assessment score 

were found to be significantly different, F(2, 44) = 4.39, p=0. 04, suggesting that when 

controlling for the pretest score there is likely a difference with the treatment 

outperforming the control. Even though the overall scores were found to be significant, 

the ANCOVA tests for the comprehension and vocabulary subsections were not found to 

be statistically significant with F(2, 44) = 3.20, p=0. 08, and F(2, 44) = 2.56, p=0. 18, for 

the comprehension and vocabulary subsections respectively. These results suggest that 

even though the comprehension and vocabulary posttest scores were higher for the 
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treatment students, the scores for each of the subsections individually were not 

significantly different.  

While the reading content assessment was the only direct measure of students’ 

learning in reading that was collected (see Chapter 3 for more details). It is also important 

to mention some of the findings that emerged during the analysis of other data sources 

that were related to student learning in reading. When analyzing the student interview 

data, it was noted that several of the treatment students from both conditions identified 

and referenced connections between their reading and science learning. Here an example 

of one of the students and their reference to this idea of connected science and reading 

learning:  

Treatment student C 
(Engineering 
condition): 

We were mostly learning about landforms and that sort of went 
along with our research that we were doing and reading about, 
which was our class research project, which was erosion. So we 
were sort of learning about it, like together. 

 

The majority of the students’ references to the nonfiction books were in the context of the 

nonfiction texts relating to the science topics and the content of those books helping their 

science learning, but little mention to how the books were improving their learning in 

reading. Here are two student references that noted how the books helped their science 

learning: 

Treatment student C 
(Science condition): 

We read a book about erosion and it showed pictures and what 
it had done and how it had made the meanders and the land. 
Which was helpful because there was a lot on the test that I 
didn't know before we started this science unit and so I think 
that I did way better after reading and learning.  
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Treatment student B 
(Engineering 
condition): 

(The books) helped up with our science because, like, we can 
see landforms and what kinds of landforms will be best. And 
what we know then for what is best for the Tarpul and which 
landforms to put the Tarpul in. 

Overall, there were four of the six students from the treatment classrooms who referenced 

the reading of science books during their interviews and how these books helped their 

learning in science. So while these interview data did not directly relate to student 

learning in reading, it is important to note that the students were seeing connections 

between their learning in science and reading. 

Summary of student learning in reading. When looking at the results from the 

statistical analysis of the reading content assessment, the results suggests that there was a 

not significant effect of the treatment, or integrated nonfiction science trade books, on 

students’ learning in reading for those students in the science condition. However, the 

results from the students in the engineering condition were found to be significantly 

different with the treatment students scoring higher on the reading content assessment 

than the control students. This suggests that the integration of the nonfiction science 

reading instruction with the integrated science and engineering instruction did positively 

affect the treatment students’ learning in reading. Additionally, the analysis of the student 

interview data revealed that students’ were making connections between their science and 

reading learning as seen through the references about how reading about landforms was 

helping them to better learn about landforms.  

Findings Summarized by Research Question 

The last two sections of this chapter will present a summary of the analysis and 

findings related to each of the two research questions, which have guided this study. The 
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complete analysis and findings were presented in more detail in previous sections of this 

chapter, which reported all relevant data and analysis from this mixed methods study. 

Therefore, each of these sections will highlight the major findings related to the two 

research questions and will be organized around the measures of student learning in each 

of the content areas identified in the research questions. The first of these final sections 

will focus on the first research question that examining student learning in science and 

nonfiction reading, and the second section will focus on the findings and analysis from 

the second research question that examined student learning in science, engineering, and 

nonfiction reading. 

RQ 1. How does the integration of science and nonfiction literature effect 

student learning in science and reading? The first research question focuses on student 

learning in the two content areas that were being integrated, science and reading. 

Therefore the findings and analysis for this section come from the control and treatment 

students who participated in the science condition, which consisted of a science 

instruction that was integrated with nonfiction science reading instruction (see Chapter 3 

for more details). For a more detailed description of the complete findings summarized in 

this section refer to the previous section presented in this chapter titled, Student Learning 

in Science. 

 Science learning. The quantitative and qualitative analysis of the multiple data 

sources employed in this mixed methods study informed the findings that will be 

presented in regards to student learning in science for those students in the science 

condition. There were three main data sources that used to measure student learning in 
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science and those included: a pre/post science content assessment, individual science 

notebooks, and student interviews. 

The first data source included the pre/post science content assessment, which was 

quantitatively analyzed using an ANCOVA test. An ANCOVA test was conducted to 

determine if there were significant group differences between the control and treatment 

classrooms while controlling for pretest variability between the classes. The results from 

the ANCOVA test revealed that there were significant differences, F (2, 51) = 4.03, p = 

0.04, with the treatment outperforming the control on the science posttest. Additionally, 

there was a medium effect size, f = 0.281, (Cohen, 1988), which signifies that there was a 

moderate difference between the control and treatment scores with the integration of the 

nonfiction science reading instruction accounting for 7.3% of the variation.  

The second data source that was collected and analyzed as a measure of student 

learning in science was the individual students’ science notebooks. The qualitative 

analysis of the science notebook data was conducted by assessing selected lessons from 

individual students’ science notebooks using a Student Understanding Rubric 

(Ascherbacher & Alonzo, 2006). The findings from the analysis of students’ 

understanding of the science concept of erosion revealed that the treatment students 

scored higher with a mean notebook score of 4.95 points for the control and 8.63 for the 

treatment. A deeper analysis of the science notebooks and a breakdown of the points 

awarded to each of the erosion sub-ideas identified that the treatment students had higher 

average scores due to the increased amount of evidence provided for each of the erosion 

sub-ideas. This was especially evident in the treatment students’ focus on identifying and 
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elaborating on the effects that the water erosion had on the surrounding earth materials 

during their stream table investigations. Additionally, the science notebook analysis 

found that the treatment students also scored higher on their use of science vocabulary in 

their entries with an average of 1.21 words for the control students compared to 2.92 

words for the treatment students. 

The third data source used to measure student’s science learning for those 

students in the science condition was student interview data. These data were qualitative 

analyzed looking for emerging patterns and theme related to students’ learning in science 

that could be identified during their verbal explanations and reflections of learning. The 

analysis of this student interview data found that the same six themes were mentioned by 

students in both the control and treatment classrooms and these included: landforms, 

erosion, stream tables, stream table experiment, maps, and vocabulary. However, a 

larger number of themes were mentioned by all of the treatment students compared to 

spread between the control students and these themes were referenced in a higher number 

of instances by the treatment students than the control students. The largest difference 

between the control and treatment interviews was seen in the number of references made 

to new science vocabulary, which had nine references in the control interviews and 19 

references made in the treatment condition.  

Reading learning. The second content area that was examined in terms of looking 

at the effects of the integration on student learning. While there was an intentional focus 

on the student learning in each of the content areas, there was a larger focus on the 

science learning and therefore only one measure of student learning was collected and 
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analyzed in terms of student learning in reading. This measure was a pre/post reading 

content assessment that was focused on the reading comprehension and vocabulary 

aspects of students’ reading learning. While both the control and treatment group 

improved on their post test performance, the results from the statistical analysis of the 

reading content assessment found a non-significant effect of the treatment, or integrated 

nonfiction science trade books, on students’ learning in reading for those students in the 

science condition. An additional finding that emerged during the analysis of the student 

interview data was that the treatment students were making connections between their 

science and reading learning as seen through the references about how reading about 

landforms was helping them to better learn about landforms. 

RQ 2. How does the integration of nonfiction literature with science and 

engineering effect student learning in science, engineering, and reading? This section 

will present the analysis and findings relating to the second research question, which 

examined the effects of integrated science, engineering and nonfiction literature on 

student learning in each of those content areas. With the focus being on science and 

engineering learning for this second research question, the findings and analysis that will 

be presented comes from the control and treatment students who participated in the 

engineering condition (see Chapter 3 for more details). For the second research question 

the content areas include: science, engineering, and nonfiction reading.  

 Science learning. The quantitative and qualitative analysis from the multiple data 

sources within this mixed methods study has informed the findings with regards to 

student learning in science for those students in the engineering condition. For a more 
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detailed description of the complete findings refer to the previous section presented in 

this chapter titled, Student Learning in Science. The first data source that was analyzed 

included the quantitative analysis of the pre/post science content assessment. In order to 

statistically control for the pretest variability, an ANCOVA test was conducted on 

posttest scores to see if there were group differences between the control and treatment 

classrooms. Even though the treatment classroom has a slightly higher average posttest 

score of 22.29 as compared to 21.69 points for the control, the ANCOVA was not 

statistically significant which meant there was not a significant difference between the 

groups. These results reveal that for the science content assessment measure, the 

treatment scored higher on the posttest, but that was not due to a significant effect on 

student learning caused by the treatment, or the integration of nonfiction science books.  

 The second data source that was used a measure of student learning in science 

was the individual students’ science notebooks. The analysis of the science notebook data 

was conducted by assessing selected lessons from individual students’ science notebooks 

using a Student Understanding Rubric, which was developed in order to measure 

evidence of understanding of the central concept of erosion. This findings from this 

analysis found that the treatment students scored higher with an average score of 8.28 

points compared to 5.27 points for the control in terms of addressing the sub-ideas on the 

erosion rubric. A further analysis of the notebook data revealed that the treatment 

students provided more detailed description and higher use of science vocabulary in their 

notebook entries when explaining their observations during the stream table experiments 

and the effects of the running water as it eroded and shaped the earth materials, which 
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resulted in higher average rubric scores. The control students, on the other hand, were 

more focused on the water and movement of the water than on the effects of the water. 

Additionally, the treatment students’ notebooks included a higher number and more 

frequent use of new science vocabulary.  

 The third data source used to measure student learning in science for those 

students in the engineering condition was the student interview data. The qualitative 

analysis of the student interview data found that while the control and treatment students 

identified several similar science themes within their interviews, these themes were 

referenced more often and by more students in the treatment group interviews than in the 

control group. There were also two additional science themes mentioned by the students 

in the treatment classroom that were not mentioned by any of the students in the control 

classroom. Overall, the analysis revealed that the treatment students provided more 

detailed explanations and included more frequent use of science vocabulary in their post 

interviews. 

While there was not a significant effect of student learning in science for those 

students in the engineering condition from the quantitative analysis of the content 

assessment, the findings from the qualitative analysis of the science notebooks and 

student interviews provide a different outcome. The science notebook and student 

interview analyses reveal that the treatment students were able to provide more evidence 

of the erosion sub-ideas in their science notebooks and more detailed explanations of 

their science learning in their student interviews than the control students. Furthermore, 
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the treatment students provided more frequent use of science language in both their 

science notebooks and student interviews. 

 Engineering learning. The same three measures of student learning, content 

assessment, science notebooks, and student interviews, that were used to assess student 

learning in science were also used to assess student learning in engineering. As 

mentioned previously, these findings are part of the second research question, which 

examines student learning for those students in the engineering condition. The findings 

from student learning in engineering that relate to the second research question will be 

presented and summarized below, but for a more detailed explanation refer to the Student 

Learning in Engineering section presented above 

 The first data source was qualitative in nature and due to some unforeseen 

limitations that caused the pre/post content assessment to be shortened prior to the start of 

the research study, the assessment was no longer a good measure student learning of 

engineering content. Instead, the assessment ended up to be a better measure of students’ 

integrated science and engineering learning as it was largely testing student’s science 

learning within an engineering context. (See Chapter 3 for more details about the 

assessment and limitations). The ANCOVA results from the statistical analysis of the 

students’ pre/post assessment revealed that while there was not a significant difference 

(p<0.05) between the post test scores of the control and treatment students, there was a 

moderately significant difference with F(2, 47) = 2.33, p = 0.10 and a small effect size of 

f = 0.225 (Cohen, 1998), for the treatment group. This suggests that the treatment group 
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performed moderately better than the control on the integrated science and engineering 

content assessment.  

 The second data source included the students’ science and engineering notebooks, 

which were analyzed using Student Understanding Rubrics looking for evidence of the 

engineering and engineering design sub-ideas. There were three notebook entries that 

were selected as the most appropriate for providing evidence of these sub-ideas and 

providing a measure of student learning in engineering. The qualitative analysis of the 

students’ work revealed that for the more structured engineering activities that prompted 

recall of science and engineering concepts the control and treatment students performed 

similarly. The similarities in these more structured activities were seen in the preliminary 

design recommendations notebook entry where students were asked to identify their 

initial recommendations and reasoning behind where they thought would be a good place 

to build the Tarpul. For this notebook entry, the control students had an average score of 

2.43 points out of 7 and the average treatment score was slightly higher at 2.71. While the 

treatment students had a slightly higher mean score of 14.57 compared to the control 

mean score of 12.29 points on the engineering design process notebook entry, the 

breakdown of this notebook analysis revealed that the more structured sections of the 

entry, like identifying the problem and reporting the test results, resulted in similar scores 

between the control and treatment. Whereas with the more open-ended aspects of these 

entries, which included identifying what makes a design successful and providing 

advantages and disadvantages of their proposed sites, the treatment students had higher 

average rubric scores. This pattern of higher rubric scores and providing more evidence 
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of understanding as identified by the rubric sub-ideas by the treatment students on the 

more open-ended tasks was also seen in the final engineering report notebook entry. The 

final engineering report asked students to write a letter to their client recommending the 

best site for the Tarpul and provide reasons related to the design considerations behind 

their choice. For this notebook entry, the treatment students scored higher with an 

average score of 5.14 points for the control compared to 7 points for the treatment 

students. When looking at the analysis of the breakdown of the sub-ideas from the rubric, 

the control and treatment students performed similarly on their identification of the four 

design considerations within their letters. However, the treatment students scored higher 

because they provided more evidence of relevant science and engineering concepts as 

support for their reasoning. Therefore, across the three notebook analyses the treatment 

students scored higher than the control students, especially on the more open-ended tasks. 

Also, the findings revealed that on these open-ended tasks, the treatment students 

provided more evidence of engineering understanding and more frequently integrated 

science and engineering concepts into their notebooks.  

 The third data source that was used to measure student learning in engineering 

was the student interview data. Qualitative analysis of the student interviews revealed 

that both the control and treatment students made references to the same four engineering 

themes of design challenge, Tarpul, engineering design process, and geotechnical 

engineering, but the treatment students more frequently referenced these themes and 

expressed more detailed descriptions of these themes in their interviews. This increase in 

the number of references for the treatment students was especially evident in the Tarpul 
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and design challenge themes, which captured the students’ descriptions of the 

engineering design challenge and their Tarpul model. Another finding from the student 

interview analysis was the reference to the engineering concept of safety and the 

importance of considering the safety of the villagers in their Tarpul site selection, which 

was made by one of the treatment students.  

 In summary, the findings and analysis of the three measures of student learning in 

engineering revealed that the treatment students outperformed the control students on all 

of three of these measures. When looking at the analysis of the integrated science and 

engineering content assessment, the treatment performed moderately better than the 

control on the posttest when controlling for the pretest scores. The findings from the 

science notebook analysis supported the content assessment findings of the treatment 

students scoring higher on their knowledge of integrated science and engineering content 

by revealing that in their science notebook entries the treatment students more frequently 

provided more evidence of relevant science and engineering concepts. In addition, to the 

findings related to the increased use of science and engineering concepts in their science 

notebook entries, the treatment students also provided more evidence of conceptual 

understanding of engineering and engineering design as seen in their higher average 

rubric scores. Finally, the student interview data provided additional support for the 

finding that the treatment students provided more evidence of understanding related to 

engineering. This was seen through the more detailed descriptions and more frequent 

references to engineering concepts in their post interviews. 
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Reading learning. The final content area that examined as part of the effects of 

integration for the second research question included student learning in reading. As 

mentioned previously, this area was intentionally included as part of the research design 

to look at student learning in all of the content areas that were being integrated, but it was 

not the main focus and therefore only one measure of student learning was collected and 

analyzed. This measure of student learning included a pre/post reading content 

assessment focused on reading comprehension and vocabulary. The ANCOVA results 

from the statistical analysis of this content assessment found that there were statistically 

significant differences between the two groups with the treatment students scoring higher 

on the reading content assessment than the control students. These findings suggests that 

the integration of the nonfiction science reading instruction with the integrated science 

and engineering instruction did positively affect the treatment students’ learning in 

reading. Another finding that was revealed during the analysis of the student interview 

data was that the treatment students were making unprompted connections between their 

learning from the nonfiction texts and their learning during the integrated science and 

engineering unit. These findings reveal that students were seeing and making connections 

between the content areas and were expressing these connections during their reflections 

on learning that occurred during their post interviews. 
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Chapter 5: Discussion, Implications, and Future Research 

The goal of this study was to examine the integration of science, engineering, and 

nonfiction literature in an elementary classroom in an attempt to learn more about the 

effects that the increasing emphasis for implementing integrated instruction might have 

on student learning. Although there are a number of studies that have examined the 

integration of science and literature (Cervetti et al., 2005; Guthrie at al., 1999; Pearson, et 

al., 2010; Palincsar & Magnusson, 2001; Romance & Vitale, 2001), there exists a need to 

expand this integration research to include science, engineering, and literature. This need 

comes from the increased attention that is being placed on STEM, integrating science and 

engineering at the elementary level, and teaching students to think in ways that reflect the 

complex and interdisciplinary problems of today (NRC 2009; 2012; 2014). Additionally, 

with the identified and long-standing challenges facing elementary science instruction 

(Lee & Houseal, 2003; Marx & Harris, 2006; Sandall, 2003; Griffith & Scharmann, 

2008) and now with the addition of engineering, researchers need to be exploring 

instructional models, like integration that provide insight into enhancing student learning 

while maximizing the limited instructional time that is allotted for science and 

engineering instruction in elementary classrooms. 

The quantitative and qualitative data sources that included pre/post content 

assessments, student notebooks, and student interviews were collected and analyzed in an 

attempt to answer the following research questions: 

1. How does the integration of nonfiction literature with science effect student learning 

in science and reading? 
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2. How does the integration of nonfiction literature with science and engineering effect 

student learning in science, engineering, and reading?  

This chapter begins with a discussion of the major findings related to the research 

questions from this study while highlighting connections between the findings from this 

study and prior research. Following the major findings, the chapter continues with a 

discussion of some of the implications of this work for the learning and teaching of 

elementary science as well as for the integration of multiple areas including science, 

engineering, and reading. The chapter concludes with a discussion of potential areas and 

questions for future research.  

Discussion of Findings and Conclusions  

The current study aimed to explore the effects on student learning when 

integrating nonfiction science trade books with science and engineering instruction. The 

major findings from this study support some findings from existing literature and provide 

some new insight regarding the effects of science, engineering, and nonfiction reading 

integration on student learning.  

The integration of science or science and engineering with nonfiction literature 

occurred for the treatment classrooms in both the science and engineering conditions. The 

treatment classrooms experienced nonfiction reading instruction with science books that 

were directly related and intentionally integrated with their science instruction. The 

control students were also concurrently participating in nonfiction reading instruction 

using science texts that were not related to the science content and received the same 

science instruction, but the books selected for their reading instruction included an 
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assortment of science topics from animals to physical science topics, like force and 

motion. The following two sections will discuss the major findings related to the research 

questions, which examined student learning in science, engineering, and nonfiction 

literature for the control and treatment students. 

RQ 1. How does the integration of nonfiction literature with science affect student 

learning in science and reading? 

When looking across the results from the quantitative and qualitative analysis 

from this study, the findings suggest that the integration of science and nonfiction 

literature benefitted student learning in science but was less certain as to the effects on 

student learning in reading. The treatment group, who received the integration of 

nonfiction literature, saw increased learning in science across all three of the measures of 

student learning when compared to the control group. While this finding of increased 

student learning in science is not surprising because the results are similar to past 

research examining the integration of science and nonfiction reading in elementary 

classrooms (Guthrie et al., 1999; Morrow et al., 1997; Palincsar & Magnusson, 2001; 

Pearson et al. 2010; Romance & Vitale, 2001), these results confirm the increased 

emphasis on integrated teaching and learning to improve learning in these disciplines 

(NGA, 2010a; NGA, 2010b; NGSS Lead States, 2013; NRC 2009; 2012; 2014). 

Additionally, even though each teacher in the study served as their own control and 

treatment, the findings from the science and nonfiction reading integration provide a 

baseline for comparison when looking at the integration of science, engineering, and 

nonfiction reading that occurred in the engineering condition. The following sub-sections 
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will present the major findings for each of the three content areas, which include student 

learning in science and student learning in nonfiction reading that support the conclusions 

from the first research question presented above. 

Student learning in science. The results from the three measures of student 

learning in science provide support for the integration of nonfiction science content 

related literature into elementary science instruction. Furthermore, the analysis 

demonstrated an ability by the treatment students to use scientific language in a more 

connected manner than the control students. This section will look at how these measures 

of student learning provide evidence of deeper student learning and more frequent 

meaningful use of science vocabulary. 

The major findings from the quantitative analysis of the pre-post science content 

assessment, or the first measure of student learning, reveal that the treatment students 

performed significantly better than the control students on the science content 

assessment. These findings suggest that students who are part of the integrated science 

and nonfiction reading unit are developing an increased knowledge of the science content 

as a result of reading nonfiction literature related to the content of the inquiry science 

activities in which they were participating. These results confirm findings from past 

research which have shown that nonfiction literature can support student understanding 

of science content (Guthrie et al., 2004; Palincsar & Duke, 2004; Pappas et al., 2003, 

Smolkin & Donovan, 2004) 

Further support for the increased student learning in science can be seen in the 

findings from the analysis of the second measure of student learning, science notebooks, 
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with the treatment students providing more evidence of overall understanding of the 

central science concept of erosion in their entries, which led to higher mean scores on 

their science notebook entries. The notebook analysis also revealed that the students who 

participated in the integrated nonfiction were more able to provide evidence of 

understanding of that central science concept and therefore were better able to 

communicate their understanding of these science concepts within their science 

notebooks. This ability to better communicate their understanding of science concepts 

through their science notebooks is important because science notebooks encourage 

students to practice and learn written communication skills to share learning to the larger 

science community (Yore, 2004). In the case of the students in this study the science 

community comprised of peers, teachers, the researcher, and the parents of the students. 

This finding confirms results from other science education and literacy scholars that the 

integration of nonfiction literature can help to not only increase students’ learning, but 

also help students to develop communication skills that are important to scientists and the 

science community (Cervetti et al., 2005; Yore et al., 2003).  

 The third and final measure of student learning that provided support for the 

conclusion that the integration of nonfiction literature led to an increase in student 

learning came from the student interview data. The treatment students, who were part of 

the integrated science and nonfiction instruction, saw increased learning in regards to a 

greater retention of the science content from the unit and an increase in the extent to 

which they could make connections between the concepts or ideas that they had learned. 

For example, the treatment students were able to recall a higher number of science 
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concepts with increased frequency, and they more frequently connected these science 

concepts to other science concepts and to contents from non-science areas. The 

connection between multiple concepts is an important finding because it suggests that 

treatment students were recognizing their science learning and concepts as a part of a 

larger and connected set of concepts, instead of as a series of isolated facts. The 

understanding that concepts are part of a larger system has been identified as an 

important goal in science learning for developing students’ ability to move towards a 

more complex understanding and transfer of knowledge to new situations (NRC, 2000; 

2012).  

Another important component of science learning in elementary classrooms is the 

ability of students to use science language to construct and convey meaning in science 

with a particular focus on science vocabulary (Lee & Fradd, 1996; Yore et al., 2003). 

Findings from the science notebook analysis revealed that the students who participated 

in the integrated unit showed an increase in the amount of science vocabulary that they 

incorporated into their science notebook entries. Additionally, the student interview 

analysis revealed that the students from the integrated science and nonfiction reading 

instruction incorporated more science vocabulary into their interview responses 

suggesting the treatment students could remember and apply more of the science 

vocabulary and therefore had a better understanding of the science concepts represented 

by those science vocabulary. These findings suggest that the integration of nonfiction 

literature could be used to help students to develop understanding of the science concepts 

through the use and application of science vocabulary as a proxy for understanding of the 
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intended science concepts. This is an important addition to the increased student learning 

because it suggests that reading science related nonfiction can also help students learn, 

apply and communicate science ideas through the use of science vocabulary, which has 

been identified as a critical factors in learning science in elementary classrooms (Gee, 

2004; Halliday, 2004; Wellington & Osborne, 2001).  

Overall, these findings in students’ science learning provide further support for 

the conclusion that the integration of nonfiction science literature into science instruction 

has the potential to increase student learning in science, which confirms earlier research 

that the integration of nonfiction literature could be used to provide support for inquiry 

instruction and building a deeper understanding of science (Cervetti et al., 2005; Pappas, 

2006: Pearson et al., 2010; Rice, 2002). 

Student learning in reading. While the increased student learning in science was 

apparent through the quantitative and qualitative findings from multiple sources, the 

student learning in reading was not as clear. Due to the majority of the study’s focus 

being on the science and engineering learning, there were fewer measures of learning for 

the reading instruction collected. The posttest scores from the content assessment did 

reveal improvement for both the control and treatment, but the findings were not 

significantly different. This suggests that even though both groups increased in their 

mean posttest scores, the nonfiction books related to the science content did not 

necessarily lead to increased improvement in reading learning. However, it is also 

important to point out that the overall improvement in reading by both groups suggests 

that the increased science learning gains that were seen for the group who participated in 
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the integrated science and nonfiction reading instruction did not occur at the expense of 

students’ reading learning. These inconclusive results regarding reading learning are 

noteworthy because they are contradictory to what has been seen in past research 

(Guthrie et al. 1999; Morrow et al., 1997; Palincsar & Magnusson, 2001; Pearson et al, 

2010). I attribute this finding to several limitations within the reading component of this 

study. One possibility is that there was only a single measure of student learning in 

reading, which was the pre-post content assessment that was not as thoroughly tested for 

reliability and validity as the science assessment. The content assessment also included 

slightly different forms of the assessment for the pre and post versions, which was 

different from science where the exact same assessment was used pre and post. Another 

possibility is that the main focus of the study was not on the reading instruction, and so 

due to limitations within the school day, the reading instruction was delivered in their 

students’ individual classrooms. Therefore the same teachers did not deliver both the 

control and treatment reading instruction suggesting that it was possible that the reading 

instruction had more variation between content and implementation for the two groups of 

students.  

  Overall, the major findings from the first research question suggest that the 

integration of the science and nonfiction reading instruction resulted in increased student 

learning in science and no significant effect on student learning in reading. The 

integration of science and nonfiction reading also led to an increase in the use of science 

vocabulary and communication skills as seen through the higher performance on science 

notebooks and increased use and connection of science vocabulary for the treatment 
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students. Therefore, when looking at ways to improve science learning in elementary 

classrooms, these findings provide support that integrating science and nonfiction literacy 

instruction can be an effective strategy.  

RQ 2. How does the integration of nonfiction literature with science and engineering 

affect student learning in science, engineering, and reading?  

 The second research question was focused on the students in the engineering 

condition who participated in the integrated science and engineering instruction and the 

effects on student learning when integrating nonfiction literature with science and 

engineering. One of the major differences between the first and second research question 

is the inclusion of the engineering in the second research question through the 

implementation of integrated science and engineering instruction instead of just science 

instruction. The inclusion of the engineering within the science and engineering unit 

allowed for the examination of the impact of integrating science and engineering, with 

nonfiction literature.  

The major findings indicate that the treatment students showed increased learning 

in all three disciplines as a result of the integrated instruction. While previous research 

has found increases in student achievement in science and literacy integration (Morrow et 

al., 1997; Palincsar & Magnusson, 2001; Pearson et al. 2010; Romance & Vitale, 2001) 

and science and engineering integration (Lachapelle et al., 2011; Schnittka, 2009; 

Wendell & Rodgers, 2013), these findings provide new insights with regards to student 

learning for the integration of science, engineering, and literature. The following sub-

sections will present the major findings for student learning in science, student learning in 
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engineering, and student learning in nonfiction reading that support the conclusions from 

the second research question looking at the integration of nonfiction literature with 

science and engineering. 

Student learning in science. Similar to research question 1, there were three 

measures that were used to assess student learning in science, and the students who 

participated in the integrated science, engineering, and nonfiction instruction performed 

better the three measures of science learning. The results from the three measures of 

student learning in science revealed that even though the integration of the nonfiction 

literature did not have a significant positive effect on students’ science learning on the 

science content assessment, the integration did produce evidence of increased learning 

through the qualitative analysis of the science notebooks and student interviews. The 

findings from science notebook analysis showed that the students who participated in the 

integrated science, engineering, and nonfiction instruction produced higher mean scores 

on their science notebooks due to the ability to provide evidence of overall understanding 

of the science concepts. Further support for the conclusion of increased student learning 

in science as a result of the integrated instruction came from the student interview data 

where the treatment students included a slightly higher recall of science concepts and 

expressed more connections between concepts in their interview responses. The treatment 

students included more frequent use of science vocabulary in both their science 

notebooks and student interviews. This suggests the integration of the nonfiction science 

literature into their science and engineering instruction helped students to increase their 

understanding of science as seen through the increased use and correct application of 
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science vocabulary. As mentioned in the discussion of findings from the first research 

question, the ability to use and understand science vocabulary is an important factor in 

learning science (Halliday, 2004; Wellington & Osborne, 2001), and these results suggest 

that the integration of nonfiction science literature into science and engineering can help 

students to learn new science vocabulary. 

Furthermore, this study found that that while the integration of the nonfiction 

literature did not significantly increase the treatment students’ performance on the 

science content assessment, it did moderately increase their performance on the 

integrated science and engineering from the EiE curriculum, which assessed science 

content presented within an engineering context. This suggests that the integration of 

nonfiction literature produced increased learning on those science concepts that were 

presented within engineering context. One possible explanation regarding the increased 

performance that was seen within the engineering context is that the engineering provided 

a context or frame that helped the students to better learn and transfer the science content 

from the nonfiction literature. Further support for this conclusion regarding increased 

student learning in science when using an engineering context can be seen with the 

increased scores on the student interviews where the students largely described and 

framed their learning in terms of engineering context. The idea that increased student 

learning occurs when the science is presented within an engineering context supports 

previous research from science and engineering integration, that engineering can provide 

a meaningful and engaging context in which to help students learn science (Brophy et al., 

2008; Lachapelle et al., 2011; Wendell & Rodgers; 2013), but perhaps it is also due to the 



 

 219 

use of context-specific, situated knowledge (Johri & Olds, 2011). Overall, the findings in 

student learning from the integration of science, engineering, and nonfiction literature 

provides further support for the conclusion that the integration of nonfiction science 

literature into science and engineering instruction has the potential to increase student 

content and language learning in science.  

Student learning in engineering. The results from the measures of engineering 

learning presented in Chapter 4 suggest that the treatment students who participated in 

the integrated nonfiction unit had increased learning in engineering as seen by their 

higher average notebook scores, especially for the open-ended notebook tasks, and by 

their ability to more frequently recall and make connections between engineering 

concepts in their student interviews. When looking at student learning in engineering 

across the three notebook tasks, the treatment and control classrooms performed similarly 

when the task was more structured as seen in the student responses to the questions about 

the engineering problems or relevant science background information. However, when 

the task was more open-ended, as was seen in the final engineering report, the treatment 

students showed increased engineering learning by more often integrating relevant 

science and engineering concepts as reasoning behind their final design considerations.  

Additional support for an increased learning of engineering concepts, such as 

engineering design, for those students in the treatment classroom came from the results 

from the student interview analysis, which identified that, while the control students 

made references to the same engineering themes of Design challenge, Tarpul, 

Engineering design process, and Geotechnical engineering within their interviews, the 
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treatment students more frequently referenced these themes and expressed more 

connections between these engineering themes and science concepts in their interview 

responses. This indicates that the treatment students had increased retention of 

engineering concepts, but that they were also able to identify and make connections 

between the science and engineering concepts within this integrated unit. This increase 

could be credited to the increased science learning from the nonfiction reading. In 

summary, the findings from the science notebooks and student interviews suggest that the 

treatment, or integration of nonfiction science trade books related to the science content, 

led to an increase in the treatment students’ engineering learning. This finding provides 

new insight into that non-fiction literature could be beneficial in improving gains in 

engineering processes and content and also improving students’ learning of the relevant 

science content (Palincsar & Duke, 2004; Pappas et al., 2003, Smolkin & Donovan, 

2004). 

Student learning in reading. In contrast to the findings for student learning in 

reading for the science condition where there was not a significant difference, the 

treatment students from the engineering condition did significantly outperform the 

control students on the reading content assessment. While the findings for each of the 

subsections, comprehension and vocabulary, were not significant on their own, the 

significant difference on the overall assessment suggests that the treatment students had 

increased learning in reading resulting from the integration of the nonfiction reading 

instruction with their science and engineering instruction. While past research has shown 

increases in student learning in reading with science and reading integration (Guthrie et 



 

 221 

al., 1999; Morrow et al., 1997; Palincsar & Magnusson, 2001), there is very limited 

research in the area of science, engineering and literacy integration, and these findings 

provide support for the benefits to students’ learning in reading as result of this 

integration. 

Overall, this study provided support for the integration of science, engineering, 

and nonfiction children’s literature in fifth grade classrooms in regards to student learning 

in science, engineering and nonfiction reading. The findings from the first research 

question, which examined how the integration of science and nonfiction literature 

affected student learning, revealed that the students who participated in the integrated 

nonfiction science literature saw increased learning in science, but not in nonfiction 

reading compared to the control. For the second research question looking at the 

integration of science, engineering, and nonfiction literature, the findings revealed that 

the students who participated in the integrated nonfiction science literature had increased 

learning in each of the three content areas. Therefore, the classrooms that implemented 

the integrated instruction saw increases in student learning in the areas that were being 

integrated, with the exception of reading learning for science and reading integration, 

compared to the control classrooms that were implementing a more siloed approach to 

science and nonfiction reading instruction.  

Implications  

As confirmed in this study, the integration of nonfiction literature led to an 

increase in student learning in each of the three content areas that were being integrated 

suggesting that this type of integrated approach that is being widely-suggested (NGA, 
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2010a; NGA, 2010b; NGSS Lead States, 2013; NRC 2009; 2012; 2014) is beneficial to 

student learning. Furthermore, this study provided evidence that supports some of the 

arguments being made by advocates of an integrated approach, which include that 

integration can lead to deeper and more meaningful learning by helping students to see 

the “bigger” picture and the connections between concepts, their learning, and the real 

world (Beane, 1995; Berlin, 1994; Czerniak, 2007). In addition, the current study has 

several implications related to the teaching and learning of integrated science, 

engineering, and nonfiction reading in elementary classrooms. The following sub-

sections will present implications for teaching and learning in science, engineering, and 

reading, as well as implications for elementary education. 

Implications for the teaching and learning of science, engineering, and 

reading. The findings from this study provide insight into influence of integration on 

student learning in elementary classrooms, which can be used to guide teachers, teacher 

educators, and curriculum developers as they construct and deliver integrated instruction.  

The first implication is that the integration of nonfiction literature into science and 

science and engineering instruction led to an increase in student learning, which implies 

that teachers and school districts should be working to align their curricula and materials 

in order to concurrently teach the same content during science and nonfiction reading 

instruction. Additionally, research has shown that prior knowledge and experience play 

an important role in science learning (NRC, 2000; 2007), and the integration of the 

nonfiction literature has the potential to help students to deepen understanding by 

building background knowledge for their science and engineering learning. As seen in 
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this study, the integration not only helps to improve student learning in each of these 

various disciplines, but also helps students to make connections between their learning 

and across the disciplines.  

 The second implication is that the integration of nonfiction literature can provide 

students with important opportunities to build, model, and practice the application of 

content specific vocabulary that is emphasized as important for student learning in 

national documents in English language arts, science, and engineering (NGA, 2010a; 

NRC, 2012). In this study, the integration of science, engineering, and nonfiction 

literature lead to students’ increased use of science vocabulary, which has been identified 

as an important factor in science learning (Wellington & Osborne, 2001; Halliday, 2004). 

The integration of nonfiction literature with science and engineering also allowed 

students to practice multiple ways to communicate their understanding of science 

concepts through the use of reading, writing and verbal interviews, which are important 

to building and sharing knowledge and understanding in science, engineering, and 

reading (Yore et al., 2003). Teachers should therefore make sure to highlight and model 

this use and application of science vocabulary as a way to communicate understanding 

during their nonfiction reading instruction as well as explicitly making the connections to 

these skills during science instruction. 

 The third implication in regards to the teaching and learning of science, 

engineering, and nonfiction literature is that, when using an integrated approach, teachers 

need to provide multiple opportunities and more open-ended tasks that encourage 

students to connect and apply the knowledge that they have been learning in other spaces. 
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For example, in this study the students who participated in the integration nonfiction unit 

scored higher and integrated more science concepts and vocabulary when presented with 

the open-ended task of writing a final engineering report to summarize their reasons 

behind their engineering design recommendations. 

Implications for elementary education. In addition to presenting implications 

for the teaching and learning of science, engineering, and nonfiction literature, there are 

several implications from this study that can provide more general insights into the 

integration of multiple subjects in elementary classrooms. 

The first of these implications is that the integration of multiple subjects can be 

used to overcome some of the challenges that are facing those subject areas that are not 

tied to high accountability pressures, like science. In the example of this study, one of the 

major challenges facing elementary science and engineering instruction is decreasing 

instructional time in science (Marx & Harris, 2006), and the findings from this study 

provide support for integration as a way to overcome the decreasing time allotted to 

science instruction by presenting science content through nonfiction literature. In the case 

of this study, the control and treatment teachers allotted the same amount of instructional 

time during their nonfiction reading and science units. However, the students in the 

treatment condition who participated in the integrated instruction, experienced increased 

learning in reading, science and engineering when exposed to an approach that integrated 

their nonfiction reading and science and engineering instruction.  

It is important to note that, as supported by the findings from this study, simply 

adding more instructional time through the reading of nonfiction science texts related to 
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the science content did not always result in an increase in student learning in science or in 

reading. As seen in the engineering condition, the students who participated in the 

nonfiction literature integration performed better on the science content assessment when 

the content was presented within the engineering context in which they were familiar. 

While this increased performance in science learning within an engineering context, but 

not on the FOSS science assessments, could have been due to several factors, one 

possibility is that the use of the engineering context helped students situate the ideas 

(Johri & Olds, 2011) by helping the students make the connection between the nonfiction 

reading and the science and engineering unit. Therefore, to help ensure that the 

integration is benefitting student learning and leading to abstraction beyond the context, 

an implication of this study is that elementary teachers need to be highlighting explicit 

connections between subjects, as well as helping students to see how the learning in one 

subject is supporting the learning in another. Simply adding related science content 

during nonfiction reading instruction does not mean that students will make those 

connections or transfer content knowledge between disciplines. This will help students to 

see their learning of science content as part of a larger system, which has been identified 

as an important goal for a deeper understanding and transfer of knowledge (NRC, 2000). 

One final implication for elementary education, is that integration can provide 

support for some of the challenges that have been raised about how to address increasing 

diversity in elementary classrooms (Lee, 2005; NRC, 2000; 2007). As seen in this study, 

the integration of multiple subjects provided students with multiple contexts in which to 

practice, discuss, and learn about the science and engineering content. Additionally, the 



 

 226 

addition of the nonfiction literature can provide models of and application of science 

language that are different from, but supportive of, those presented during science 

instruction.  

Future Research 

As the increasing emphasis on integrating multiple disciplines makes its way into 

elementary classrooms, it will be important for researchers to continue to look at the 

impact of this integrated instruction on different areas of teaching and learning. As 

revealed from the review of literature conducted for this study, there is a need for 

additional research that provides evidence for the support of the integrated approaches 

that are being pushed in national policy (Czerniak, 2007; George, 1996; Hurley, 2003; 

NRC, 2009; 2012; 2014). This study examined student learning in science, engineering, 

and nonfiction literature, that is only one piece of the larger STEM and STEM integration 

approaches that are gaining attention across the country (NRC, 2009; 2012; 2014) and 

therefore additional follow up research is necessary as these approaches are being more 

widely adopted in schools and classrooms.  

An extension of this study that could add to the research base would be to look 

more deeply into the student learning in engineering as part of an integrated science, 

engineering, and nonfiction literature unit. This could result in two possible future 

studies. The first would be to set up a study that would allow for the comparison of 

science and literacy integration with science, engineering, and literacy integration to 

better examine the effects that the engineering has on student learning in those areas. One 

of the limitations from this study was that the design was set up to look at the within 



 

 227 

group differences in order to see the impact of the nonfiction literature. However, that 

also meant that two different teachers were leading the two different types of integration, 

which did not allow for the between group comparisons that would have allowed for the 

comparison between science and nonfiction literature integration and science, 

engineering and nonfiction literature integration. 

A second possible study related to a further examination of the engineering 

component of this integration would be to address the limitations of the engineering 

assessment and the scripted structure of the EiE curriculum. The engineering assessment 

used in this study was shortened to accommodate teacher requests as well as the 

limitation of the EiE curriculum as being fairly structured engineering design activities 

presented concerns that there might have bigger or different gains in engineering learning 

if the structure of the engineering had been different. Therefore, it would be helpful to 

conduct a study using a pre/post assessment that is a better measure of engineering 

learning as well as an engineering curriculum that has more student-centered pedagogies 

for the science instruction and is more open-ended in terms of the final design challenge. 

A third possible future study would build off the idea that the construction and 

delivery of the integration potentially affected student learning above and beyond the 

effects of the integration itself. Additionally, it builds on past research that has shown that 

many teachers do not feel prepared to teach in an integrated manner (Hurley, 2003). 

Therefore, in addition to the second future study listed above, a study examining how to 

structure pre-service teacher education and teacher professional development to help 

prepare teachers to teach in an integrated approach is necessary.  
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In regards to the reading aspects of this study, this focus of this study was largely 

on the science and engineering aspects of the integration and how learning was affected 

through reading about nonfiction science content. Therefore, another possible future 

study would examine science, engineering, and nonfiction literature integration with a 

larger emphasis on the specific reading strategies that are being employed and how those 

various reading strategies are affecting student learning in science and engineering.  

A final, future study would build off of this study and help to further address the 

issue of increasing demands on elementary teachers in the areas of science and 

engineering (Marx & Harris, 2006), by continuing to explore various models of 

integrated teaching and learning that can help to overcome some of these challenges. This 

study occurred in a state and grade level where science and engineering are incorporated 

into classrooms and state-level assessments and therefore supported by school and district 

administration. However, every school is different and has different challenges to 

teaching elementary science, and so it is important to expand this integration model into 

additional classrooms and settings where science and engineering instruction may not be 

as prevalent. 

Conclusions 

The major findings from this study related to the first research question suggest 

that the treatment students from the science condition showed a greater increase in 

student learning in science over the control students as a result of the integrated science 

and nonfiction reading instruction. The findings from the data sources related to the 

second research question suggest that the integration of the nonfiction science trade 
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books benefitted the treatment students’ learning in all three content areas of science, 

engineering, and reading. Additionally, the treatment students from both conditions were 

better able to communicate science understanding through their increased meaningful use 

of science vocabulary as seen in their science notebooks and student interview data. 

Therefore, when looking at ways to improve science learning in elementary classrooms, 

these findings provide support that integrating nonfiction literature with science or 

science and engineering instruction can be an effective strategy. 
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Appendix A 

Post-Interview Student Protocol 

Science Condition: 

1. Hi,	  how	  are	  you	  today?	  

2. Could	  you	  tell	  me	  a	  little	  bit	  about	  the	  science	  unit	  that	  you	  just	  completed?	  	  

a. What	  were	  you	  learning	  about?	  

b. What	  were	  some	  of	  the	  activities	  that	  you	  did	  in	  this	  unit?	  

c. You	  mentioned…	  Can	  you	  tell	  me	  more	  about…	  (eg.	  stream	  tables	  or	  

erosion)	  

3. Did	  you	  like	  or	  dislike	  this	  unit?	  (Why?	  What	  about	  it	  did	  you	  like/dislike?)	  

4. How	  does	  this	  science	  unit	  compare	  to	  other	  science	  that	  you	  have	  done	  in	  

school?	  

5. If	  you	  were	  in	  charge	  of	  science	  -‐	  how	  would	  you	  make	  science	  better?	  

 

Engineering Condition: 

1. Hi,	  how	  are	  you	  today?	  

2. Could	  you	  tell	  me	  a	  little	  bit	  about	  the	  science	  and	  engineering	  unit	  that	  you	  

just	  completed?	  	  

a. What	  were	  you	  learning	  about?	  What	  about	  the	  science	  or	  engineering	  

part?	  

b. What	  were	  some	  of	  the	  activities	  that	  you	  did	  in	  this	  unit?	  
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c. You	  mentioned…	  Can	  you	  tell	  me	  more	  about…	  (eg.	  stream	  tables	  or	  

Tarpul)	  

3. Did	  you	  like	  or	  dislike	  this	  unit?	  (Why?	  What	  about	  it	  did	  you	  like/dislike?)	  

4. How	  does	  this	  science	  unit	  compare	  to	  other	  science	  that	  you	  have	  done	  in	  

school?	  

5. What	  do	  you	  think	  about	  engineering?	  Do	  you	  like	  it?	  Why?	  

6. If	  you	  were	  in	  charge	  of	  science	  or	  engineering	  -‐	  how	  would	  you	  make	  it	  

better?	  
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Appendix B 

Pre/Post Science Content Assessment and Scoring Rubric 
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Appendix C 

Pre/Post Integrated Scineece and Engineering Content Assessment and Scoring Rubric 
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Appendix D 

Pre/Post Reading Content Assessment and Scoring Rubric 

Pre Reading Content Assessment 
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Blowing in the Wind 
 

1. In	  the	  space	  below,	  summarize	  the	  main	  ideas	  and	  most	  important	  details	  in	  
the	  article,	  “Blowing	  in	  the	  Wind”	  (strategy:	  summarizing)	  

2. What	  is	  a	  good	  question	  to	  ask	  other	  students	  if	  you	  want	  to	  make	  sure	  that	  
they	  understood	  an	  important	  idea	  in	  this	  article?	  (strategy:	  questioning).	  

3. How	  is	  China	  trying	  to	  solve	  their	  problem	  of	  overfarming,	  overgrazing	  and	  
cutting	  down	  too	  many	  trees?	  (text	  interpretation)	  	  

4. Why	  do	  you	  think	  the	  author	  titled	  this	  article,	  “Blowing	  in	  the	  Wind”?	  (text	  
interpretation)	  

5. What	  is	  the	  big	  idea	  that	  the	  author	  wants	  you	  to	  learn	  from	  the	  article?	  (text	  
interpretation:	  main	  idea)	  

6. One	  of	  your	  friends	  does	  not	  understand	  what	  is	  means	  on	  the	  bottom	  of	  the	  
third	  page	  when	  it	  says:	  “China	  still	  has	  a	  chance	  to	  stop	  the	  damage.”	  	  And	  
they	  ask	  you	  “What	  damage	  are	  they	  talking	  about	  in	  the	  story?”	  	  How	  would	  
you	  explain	  this	  part	  to	  your	  friend?	  (comprehension	  monitoring)	  

7. There	  was	  a	  famine	  in	  China	  in	  the	  1960s,	  and	  so	  the	  Chinese	  government	  
decided	  to	  turn	  grassland	  into	  to	  farmland	  to	  grow	  more	  food.	  What	  do	  you	  
think	  famine	  means?	  

a. farming	  
b. lack	  of	  food	  
c. erosion	  
d. dust	  storm	  

 
8. The	  article	  states	  that,	  “Without	  the	  thick	  roots	  of	  grasses	  to	  hold	  the	  topsoil	  

in	  place,	  it	  began	  to	  blow	  away.”	  What	  is	  meant	  by	  topsoil?	  (vocabulary)	  
9. 	  On	  page	  2,	  the	  article	  talks	  about	  how	  the	  process	  of	  desertification	  is	  

affecting	  the	  grasslands	  and	  soil	  in	  China.	  	  What	  does	  desertification	  mean?	  
(vocabulary)	  

 
SCORING:  

0 Off	  track,	  vague.	  No	  main	  idea.	  
1 On	  the	  right	  track,	  getting	  at	  some	  details.	  Gives	  main	  idea	  and	  details.	  
2 Really	  good,	  getting	  at	  bigger	  ideas.	  Gives	  main	  ideas	  and	  details.	  

 
**Use Info. Text rubric from Catching Readers for Q1 – summarizing (0-4) 
 
Examples –  What is a good question to ask other students if you want to make sure they 
understand? 
0 – Did you like the story? Did you understand the story? What did you not understand? 
(vague) 
1 – What happened in this story? What was the story about? Can you summarize it? 
2 – What is the big idea of this story? Do you think that animals have feelings? What is 
the author telling us about animals and feelings? 
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Blowing in the Wind Questions 
 

1. In	  the	  space	  below,	  summarize	  the	  main	  ideas	  and	  most	  important	  details	  in	  
the	  article,	  “Blowing	  in	  the	  Wind”	  	  

 
 
 
 
 
 
 
 
 
 

	  
	  

2. What	  is	  a	  good	  question	  to	  ask	  other	  students	  if	  you	  want	  to	  make	  sure	  that	  
they	  understood	  an	  important	  idea	  in	  this	  article?	  
	  
	  
	  
	  
	  
	  
	  

3. How	  is	  China	  trying	  to	  solve	  their	  problem	  of	  overfarming,	  overgrazing	  and	  
cutting	  down	  too	  many	  trees?	  	  
	  

 
 
 
 
 
 

	  
4. Why	  do	  you	  think	  the	  author	  titled	  this	  article,	  “Blowing	  in	  the	  Wind”?	  	  
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5. What	  is	  the	  big	  idea	  that	  the	  author	  wants	  you	  to	  learn	  from	  the	  article?	  	  
 
 
 
 
 
 

	  
6. One	  of	  your	  friends	  does	  not	  understand	  what	  is	  means	  on	  the	  bottom	  of	  the	  

third	  page	  when	  it	  says:	  “China	  still	  has	  a	  chance	  to	  stop	  the	  damage.”	  	  And	  
they	  ask	  you	  “What	  damage	  are	  they	  talking	  about	  in	  the	  story?”	  	  How	  would	  
you	  explain	  this	  part	  to	  your	  friend?	  	  

 
 
 
 

	  
7. There	  was	  a	  famine	  in	  China	  in	  the	  1960s,	  and	  so	  the	  Chinese	  government	  

decided	  to	  turn	  grassland	  into	  to	  farmland	  to	  grow	  more	  food.	  What	  do	  you	  
think	  famine	  means?	  

a. farming	  
b. lack	  of	  food	  
c. erosion	  
d. dust	  storm	  

	  
	  

 
8. The	  article	  states	  that,	  “Without	  the	  thick	  roots	  of	  grasses	  to	  hold	  the	  topsoil	  

in	  place,	  it	  began	  to	  blow	  away.”	  What	  is	  meant	  by	  topsoil?	  	  
	  
	  
	  
	  
	  
	  
	  

9. 	  On	  page	  2,	  the	  article	  talks	  about	  how	  the	  process	  of	  desertification	  is	  
affecting	  the	  grasslands	  and	  soil	  in	  China.	  	  What	  does	  desertification	  mean?	  	  
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Pre Reading Content Assessment 
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The Disappearing Delta 
 

1. In	  a	  few	  sentences,	  summarize	  the	  main	  ideas	  and	  most	  important	  details	  in	  
the	  article,	  “The	  Disappearing	  Delta”	  (strategy:	  summarizing)	  

2. What	  is	  a	  good	  question	  to	  ask	  other	  students	  if	  you	  want	  to	  make	  sure	  that	  
they	  understood	  an	  important	  idea	  in	  this	  article?	  (strategy:	  questioning).	  

3. What	  problem	  is	  happening	  in	  Louisiana	  and	  how	  are	  they	  trying	  to	  solve	  
that	  problem?	  (text	  interpretation)	  	  

4. What	  is	  one	  question	  that	  you	  could	  ask	  the	  author	  after	  reading	  this	  article?	  
(text	  interpretation:	  questioning)	  

5. Why	  do	  you	  think	  the	  author	  titled	  this	  article,	  “The	  Disappearing	  
Delta”?(text	  interpretation)	  

6. One	  of	  your	  friends	  does	  not	  understand	  what	  is	  means	  on	  the	  bottom	  of	  the	  
second	  page	  when	  it	  says:	  “It	  turns	  out	  that	  while	  the	  levees	  solved	  one	  
problem,	  they	  created	  another.”	  	  And	  they	  ask	  you	  “What	  problem	  are	  they	  
talking	  about	  in	  the	  story?”	  	  How	  would	  you	  explain	  this	  part	  to	  your	  friend?	  
(comprehension	  monitoring)	  

7. Engineers	  and	  scientists	  have	  used	  a	  sediment	  diversion	  to	  help	  protect	  the	  
coastline.	  What	  do	  you	  think	  diversion	  means?	  (vocabulary)	  

a. a	  raised	  area	  or	  structure	  
b. a	  type	  of	  erosion	  
c. moving	  from	  one	  place	  to	  another	  
d. splitting	  into	  smaller	  pieces	  

8. The	  article	  states	  that,	  “The	  Mississippi	  reaches	  its	  delta	  before	  it	  empties	  
into	  the	  ocean”	  What	  is	  meant	  by	  delta?	  (vocabulary)	  

9. 	  On	  page	  2,	  the	  article	  talks	  about	  U.S.	  Army	  Corps	  of	  Engineering	  built	  levees	  
to	  prevent	  the	  river	  from	  flooding.	  What	  do	  you	  think	  a	  levee	  is?	  
(vocabulary)	  

 
SCORING:  
 

3 Off	  track,	  vague.	  No	  main	  idea.	  
4 On	  the	  right	  track,	  getting	  at	  some	  details.	  Gives	  main	  idea	  and	  details.	  
5 Really	  good,	  getting	  at	  bigger	  ideas.	  Gives	  main	  ideas	  and	  details.	  

 
Examples –  What is a good question to ask other students if you want to make sure they 
understand? 
 
0 – Did you like the story? Did you understand the story? What did you not understand? 
(vague) 
1 – What happened in this story? What was the story about? Can you summarize it? 
2 – What is the big idea of this story? Do you think that animals have feelings? What is 
the author telling us about animals and feelings? 
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The Disappearing Delta Questions 
 

1. In	  a	  few	  sentences,	  summarize	  the	  main	  ideas	  and	  most	  important	  details	  in	  
the	  article,	  “The	  Disappearing	  Delta”	  	  	  

 
 
 
 
 
 
 
 
 
 
 

	  
	  

2. What	  is	  a	  good	  question	  to	  ask	  other	  students	  if	  you	  want	  to	  make	  sure	  that	  
they	  understood	  an	  important	  idea	  in	  this	  article?	  
	  
	  
	  
	  
	  
	  
	  
	  

3. What	  problem	  is	  happening	  in	  Louisiana	  and	  how	  are	  they	  trying	  to	  solve	  that	  
problem?	  	  
	  

 
 
 
 
 
 
 
 
 
4. What	  is	  one	  question	  that	  you	  could	  ask	  the	  author	  after	  reading	  this	  article?	  	  
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5. Why	  do	  you	  think	  the	  author	  titled	  this	  article,	  “The	  Disappearing	  Delta”?	  
 
 
 
 
 
 
 

	  
6. One	  of	  your	  friends	  does	  not	  understand	  what	  is	  means	  on	  the	  bottom	  of	  the	  

first	  page	  when	  it	  says:	  “It	  turns	  out	  that	  while	  the	  levees	  solved	  one	  problem,	  
they	  created	  another.”	  	  And	  they	  ask	  you	  “What	  problem	  are	  they	  talking	  about	  
in	  the	  story?”	  	  How	  would	  you	  explain	  this	  part	  to	  your	  friend?	  	  

 
 
 
 

	  
	  
	  
	  
	  
	  
	  

7. Engineers	  and	  scientists	  have	  used	  a	  sediment	  diversion	  to	  help	  protect	  the	  
coastline(on	  page	  5).	  What	  do	  you	  think	  diversion	  means?	  

a. a	  raised	  area	  or	  structure	  
b. a	  type	  of	  erosion	  
c. moving	  from	  one	  place	  to	  another	  
d. splitting	  into	  smaller	  pieces	  

	  
 
8. The	  article	  states	  that,	  “The	  Mississippi	  reaches	  its	  delta	  before	  it	  empties	  into	  

the	  ocean”	  What	  is	  meant	  by	  delta?	  	  
	  
	  
	  
	  
	  
	  
	  

9. 	  On	  page	  2,	  the	  article	  talks	  about	  U.S.	  Army	  Corps	  of	  Engineering	  built	  levees	  to	  
prevent	  the	  river	  from	  flooding.	  What	  do	  you	  think	  a	  levee	  is?	  	  
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Appendix E 

Student Understanding Rubrics used for the Science Notebook Analysis 

Science Concept: Erosion 

Central Concept: Erosion 

FOSS Investigation #2, Stream Tables and Investigation #3, Go with the Flow 

Points Criteria (Evidence of….) 
1 Understanding that water shapes land/ "sand" in stream table (can be from 

description or obs. diagram) 

1 Understanding that water can move earth materials (can be from description 
or obs. diagram) 

1 Understanding how flood/increased water affects erosion/deposition 
1 Understanding how slope affects erosion/deposition 
2 Correct use of erosion vocabulary (1 pt/word, up to 2 possible points): 

erosion, deposition, sediment 
1 Understanding that erosion can create landforms 

1 Understanding that deposition can create landforms 

1-2 Correct identification of landforms resulting from water erosion/deposition (1 
pt/ use of landform name up to 2 points) 

1 Clay/smaller materials travel further  

1-2 From diagram – identification of water erosion. (Additional point if correctly 
labeled diagram with earth materials and/or landforms) 

 Total: 13 points 
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Engineering Concept: Engineering Design 

Central Concept: Engineering Design 
EiE Lesson 4, Engineering Design Packets 

Points Criteria (Evidence of….) 
Identify the Problem: ASK (0 - 2 points) 

1 Need to cross the river 
1 Where to build 

Background Info: ASK  (0 – 4 points) 
1 Understand that river curves erode faster 
1 Provide a reason for why curves erode faster 
1 Understand that more compaction is more stable 
1 Understand that rocky soil is more stable/stronger than organic soil 

Brainstorm: IMAGINE (0 – 5 points) 
1 Identifies more than one idea and the ideas are different  

0- 3 Understands that there are advantages to each site. 
(1 point for each: proximity, soil type, straight river.) 

0- 4 Understands that there are disadvantages to each site. 
(1 point for each: proximity, soil type, straight river, needs compaction) 

Plan  & Test: PLAN, CREATE (0 - 3 points) 
1 Complete PLAN sheet 
1 Complete CREATE sheet 
1 Built prototype according to plan 

Evaluate: ASK & IMPROVE (0 - 3 points) 
1 Understands that a successful design needs to be test 
1 Understands that a successful design is measured by a low score 
1 Identifies a area for improvement 

 Total: 17 points 
 

 

 

 

 

 



 

 287 

 

 

Engineering Concept: Engineering 

Central Concept: Engineering  

EiE Lesson 4, Final Engineering Report 
Points Criteria (Evidence of….) 
Design Criteria (0-4 points) 

1 Includes site recommendation 
1 Includes test results 
1 Mention of proximity to site D 
1 Include compaction recommendation 

Relevant Science Concepts (0-2 points) 
1 Understand that a straight part is better due to less erosion 
1 Understand that a rocky soil is better than organic soil 

Engineering Concepts (0-4 points) 
1 Understand that trade-offs need to be considered 

0 - 2 Understand that safety and cost are important considerations  
(1 point assigned for each: safety, cost) 

1 Understand their design should be based on their test results  
(1 point for using site with their lowest score) 

Vocabulary (0 – 1 point) 
1 Correct use of erosion 

 Total: 11 points 
 

 
 
 
} 

 
 


