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ABSTRACT 
 
 
 

In traditional science education, lecture-style presentation dominates. There is a 

call, however, to integrate a greater amount of inquiry and discovery into the science 

classroom, specifically utilizing new media and technology. To answer that call, an 

undergraduate team created a tablet application for primary students, which was designed 

to supplement instruction in the physical sciences. The app was then taken into the 

classroom to test for efficacy.  The primary students’ test scores showed a significant 

increase after use of the tablet application. Grade level and school location did affect 

change in test score; whereas, gender, type of school, student IEP, and iPad use did not. 

The undergraduate team who designed the app also showed significant increase in 

concept knowledge after the project in specific topic areas.



 
 

 

Chapter 1: Introduction 
 
 
 

In traditional science education, students assimilate material through lecture style 

classrooms, problem sets, and laboratory. This experience has been the focus of 

chemistry education for the past 200 years, and is still a central component of providing a 

student’s chemistry knowledge, critical thinking skills, and perceptions of the scientific 

world[1].  However, there is precedence for other learning experiences. Repeatedly found 

effective are opportunities for students to be immersed and participate in inquiry and 

discovery[2].  

The oldest practice is the apprenticeship where the student is immersed within a 

community in which they engage directly with the skill under the guidance of competent 

peers or experts. Specifically in the sciences, it forces the student to learn the idea of 

science as a method rather than a body of facts[3]. Immersive, interdisciplinary projects 

with this foundation in apprenticeship theory have had demonstrable success and support 

from many different pedagogists. Such projects have been shown to increase critical 

thinking skills, extend retention of material, improve interpersonal skills, and boost job 

and school placement[4, 5]. On the other hand, there is little data that demonstrates a 

students’ ability to obtain knowledge of subject specific material from a project, 

especially as a side effect rather than goal of the project. 
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Other opportunities based in inquiry and discovery, especially since the advent of 

computer technology, have proven effective as well. Simulations, games, and new media 

have all proven to enhance student learning, retention, and motivation [6-11]. As 

computers, hand-held devices, and touch screens become ubiquitous in society, it seems 

natural to incorporate them into the classroom, as well. A growing trend in many schools 

districts is placing tablets in the classroom [12]. However, as these technologies are 

integrated, it is always necessary to continually ensure that there is educationally useful 

and effective software available for classroom instruction.  

With these ideas in mind, a project was created to design a tablet application for 

primary students, which teaches physical science standards. Indiana science standards 

were used to develop the application and it was decided to start at the 5th grade level. To 

undertake this task, a team of undergraduates were assembled through the Virginia Ball 

Center (VBC) at Ball State University. The VBC’s purpose is to provide an 

interdisciplinary, immersive learning experience for small groups of undergraduate 

students with a few defining characteristics. The project must carry academic credit, be 

student-driven but guided by a faculty mentor, produce a tangible product, include a 

community partner, focus on student learning outcomes, and help students define a career 

path[13]. Each semester, two projects are chosen to be given funding and space allocation 

at the center. The chosen students spend their entire semester dedicated to their project, in 

this case the tablet application, as part of their studies. In this way, they undertake a 

special type of immersive learning that is much like an apprenticeship. They are guided 

by an expert, but must develop skills that are project applicable to be able to finish their 
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project and get course credit. In the creation of the application, students developed a wide 

range of skills from programming to video editing and were exposed to other fields of 

study outside their major, such as educational and design theory. In this study, their 

ability to learn chemistry concepts and increase their perception of science was 

examined.  

At the completion of the tablet application, the app itself was taken into seven 

schools throughout the state of Indiana to examine its effectiveness in teaching the 

Indiana 5th grade physical science standards. Although designed to cover the 5th grade 

physical science standards, the app was taken into 4th, 5th, and 6th grade classrooms.  

The entire project has as its foundation the idea that there are effective ways to 

learn science outside of the traditional classroom, specifically with the involvement of 

discovery and inquiry learning. Throughout this project these ideas will be investigated in 

detail.  

1.1  Research Questions 

The purpose of this study is three-fold. The first part is to elucidate the role 

immersive learning has in subject specific learning at the undergraduate level by focusing 

on the following research questions.  

1. Can immersive learning improve chemical knowledge and/or interest in science? 

2. Are there differences in conceptual gains between groups of students?  

The second part of the study concerns the creation of the tablet application. The 

application was designed for 5th graders using the Indiana 5th grade physical science 
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standards. Four areas of design were deemed to be the most important: standard-based 

lessons, interactive features, student-focused content, and a kid-friendly design. 

The third part is about the use and optimization of the completed tablet 

applicationfrom the VBC project. The efficacy of the designed tablet application was 

tested in primary classrooms. The research questions focus on improving and optimizing 

the application for use in later studies.  

3. What knowledge gains do students achieve after the use of the application?  

4. Are there groups of students who learn better using the application?  

1.2 Outline 

 In the following chapters, each part of the project will be examined in more detail. 

In Chapter 2, the background of inquiry, discovery, and immersive learning along with 

the involved learning theories will be examined in depth. Chapter 3 will focus on the 

undergraduate immersive learning project, covering both methods and results. Chapter 4 

will present the tablet application through screen-shots and justification for its design and 

layout. Chapter 5 will examine the use of the application in the primary classroom, again 

covering both method and results. Chapter 6 will summarize the results, describe 

implications, and define future research. 



 
 

 

Chapter 2: Literature Review 
 
  
 

Scientific knowledge is defined by using empirical methods to discover the true 

nature of the world. The very foundation of science is in experiential learning, 

discovering the world through observation and experimentation[14]. It is almost 

surprising then that science is rarely taught with these central components as the base.  

Science instruction, especially in primary school, but even through the undergraduate 

level, is often taught as a collection of facts and standards to be passed from a sage, the 

teacher, to the student through formal, rote review.  

This idiosyncrasy was the motivation for the project. Experiential and immersive 

learning has a place in science education at all levels, but is severely lacking. To study 

this issue, the problem must be defined, the associated learning theories must be studied, 

and the already known advantages and disadvantages of experiential and immersive 

learning opportunities must be determined.  

2.1 Defining the Issue 

More than ever schools are being pressed to demonstrate that every student is 

knowledgeable and competent in a wide variety of disciplines. For better or worse, 

standard-based education has caused a revolution towards high stake testing and an 

increased amount of classroom time is dedicated to ensuring that students are ready for 

these tests. In result, a lot of “extras” are being cut[15]. Even though science standards 
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begin at the kindergarten level, students are only tested in their 4th and 6th grade year in 

Indiana[16]. As a result, science is often marginalized and any laboratory and experiential 

opportunities are removed from the curriculum.  

School districts are attempting to find more ways to integrate new technology to 

assist with educating their students and to make the classroom experience learner 

focused, even with ever increasing classroom size. One example is the increasing use of 

tablet technology.  In December of 2012, 54.1% of school districts in the United States 

were already using tablets in their classrooms and 10.7% planned on implementing 

tablets by the start of the 2014 school year [12]. That is nearly two-thirds of all school 

districts in the country.  

There is evidence to support these purchases. The obvious sentiment is that 

students like to use this new media: interactive videos, computer games, and touch-screen 

technology; and they have developed a culture and comfort with this media. To engage 

this generation of “tech-savvy” students, it is critical to use the instruments they 

enjoy[17].  Yet, it goes beyond student desire; there are multiple sources of evidence to 

demonstrate that new media is useful as an educational medium. A three-year long study 

performed by the MacArthur Foundation demonstrated that even without guidance 

children informally learn from these technologies and naturally form communities of 

learners[17]. In a more formal sense, computer simulations providing students a model of 

a natural or artificial system or process to give an opportunity to experiment with 

parameters and engage with material have repeatedly proven useful. Students who engage 

with this type of self-discovery learning perform better on class and state assessments, 
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demonstrate longer retention of material, and apply the material to new situations more 

successfully than their peers who did not use simulations during learning[10, 18-20]. 

Moreover, using multiple media sources: text, audio, and video has demonstrable success 

at both engaging students and lengthening retention and understanding of material[17]. 

Finally, there are emerging studies to suggest that tablets have a significant potential to 

support the learning process; but currently, there is a paucity of research to fully confirm.  

Beginning studies have demonstrated that tablets clearly enhance engagement and 

motivation and increase collaboration between peers; and a few small studies have shown 

increases in test scores after intervention with tablet applications, specifically in the math 

classroom[21, 22].  

Therefore, there exists evidence to justify moving forward with tablet technology 

in the classroom. To effectively use tablets, however, there must be quality applications 

which are grounded in educational standards and theories of learning. In the spring of 

2012, a search was conducted in the Apple iTunes store by searching for “science for 

children.” There were 154 results: 68 were books or coloring books with little to no 

interactivity, 25 were lists of science facts or quiz programs, 27 were math or English 

educational games, and 10 were unrelated to the search term. This left about 24 

applications that had some game play or interactive design for students. Although every 

application was not examined, many of these were found to be games with no obvious 

educational goal[23].  

This problem was the fuel for the creation of a tablet application. However, such a 

task is not a small undertaking. It requires experts in many different academic areas: 
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education, design, programming, science, and media development. Therefore, it was 

determined that an interdisciplinary team of undergraduate students would be the most 

successful in creating the application. Furthermore, it would provide these students an 

opportunity to immerse themselves in a project and gain the demonstrated benefits of 

such an opportunity. The Virginia Ball Center (VBC) for Creative Inquiry was therefore a 

natural choice for such a project. The VBC, as described in chapter 1, provides the 

funding, space, and opportunity for projects that will affect the community. It also 

provides a unique form of immersive learning for undergraduates, which is very student-

driven.  

2.2 Theory 

 Although formal classroom instruction is often the default, educational and 

learning theories often contradict the sole use of lecture-style presentations. The 

following is a summary of selected learning and educational theories from a variety of 

disciplines that support the use of inquiry, discovery, and immersive learning and give 

support for both parts of the project: the creation and use of a tablet application to teach 

science standards and an immersive learning project to provide subject specific 

knowledge and perception change.  

Pragmatism/Instrumentalism 

 Pragmatism, sometimes referred to as instrumentalism, has its roots from the 

educational philosopher, John Dewey. He argued that because experimentation and 

empiricism are the methods for discovering truth, these also should be the foundation of 

learning. Experiences, he stated, are the foundation of knowledge; however, not all 
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experiences are created equal [24]. It is not simply worthwhile for a student to encounter 

a problem or to have an experience. It is the role of the instructor to provide experiences 

that will help the student organize content and work through the problem. The quality of 

the experience is judged by the student’s ability to apply his/her newly gained skills to 

differing situations. Once properly instructed, the student is at a new level of readiness 

for continued application and construction of new knowledge, and education is said to 

have occurred [25, 26]. 

 Pragmatism is the foundation for both prongs of this study. The undergraduate 

students were provided an experience to learn skills through self-discovery and a faculty 

mentor. Then, they immediately applied these skills to the development of the tablet 

application. The primary students, on the other hand, were given a digital experience 

where they were able to work with different media sources to solve given problems. At 

the end, they were asked to apply these ideas to different situations on their post-test.  

Constructivism  

The learning theory that has most dramatically affected the course of chemistry 

education in the last forty years is that of constructivism. The foundation of 

constructivism, as Bodner quotes, is that “knowledge is constructed in the mind of 

learner.” As a result, knowledge needs to be connected to experiences that have meaning 

with the learner, rather than simple knowledge transfer[27]. Individual students construct 

knowledge based on his/her own prior experiences and existing knowledge; therefore, 

knowledge is very much a “personal possession.” Each person’s knowledge is unique to 
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some degree; and because new knowledge must be connected and organized with the old, 

it is impossible to simply transfer one persons’ knowledge to another[28]. 

Constructivism therefore has a role in both parts. The creation of the application 

was very much an individualized experience for each undergraduate. He/She decided 

his/her role in the project, and it did not necessarily coordinate directly to his/her major. 

A chemistry student with an interest in programming took on the job of creating HTML 

widgets. He drew from his prior experiences and passions and built on those to learn new 

material. A telecommunication student with a double major in theater worked with script 

development and overall design and was able to construct ideas of chemistry through 

working on these. For the primary students, the application was assembled in such a way 

that a student had choice. He/she could use text, video, interactive games, or a 

combination of these to build his/her knowledge of the physical science concepts. 

Furthermore, many different examples were used in these media sources to provide the 

scaffolding for a wide variety of students.  

Self-Determination Theory 

Students are capable of two types of knowledge internalization. One is 

introjection, in which knowledge is gained but not internalized. In this mode of learning, 

the learner has not connected the material and is incapable of higher application. The 

second mode is integration, in which the learner assimilates the knowledge and is capable 

of using the skill and knowledge throughout life. In order to have successful integration, a 

student must be “ego-involved” in the material. In other words, the student needs to 

“identify value in an activity and accept full responsibility for doing it[29].” Moreover, 
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when students have this ego-involvement in the material, a greater amount of cognitive 

flexibility, achievement, and creativity is observed[29]. 

Therefore, knowledge integration is a goal for all parts of the study. For the 

undergraduates they were fully responsible for the project and completely ego-involved. 

Their work and skill determined the success of the project. The primary students were 

provided ego-involvement, albeit to a lesser degree. Because the students were given free 

rein to use the application how they desired, they were able to be in control. This gave 

them the ability to accept responsibility and hopefully obtain greater cognitive gains.  

Apprenticeship Theory 

 The idea of investigations, through laboratory, is a common element of science 

instruction.  Students are able to practice learned skills and use inquiry skills to gain 

knowledge. However, an apprenticeship takes it one step further. To be deemed an 

apprenticeship, the student must be immersed into the community where their skills are 

not first learned in the classroom and then taken into a laboratory but instead their skills 

are learned by seeing and doing. The learner is immediately immerged within a 

community of practice as a “legitimate participant…. and becomes central to the 

community,” which serves “as the prime motivation for learning[3].” In other words, the 

emphasis is on the appropriation of the practices of the community. The fact that the 

learner has responsibility in the community and wants to be a part of it engages the 

student and motivates him/her to learn the skill. 
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 The apprenticeship theory most directly relates to the undergraduate part of the 

study. The students had to learn the skills necessary to create the project not in a 

classroom, but rather by doing and experimenting. In this case the community providing 

the knowledge was sometimes the faculty mentor, but other times it was other students in 

the group, and even other times it was by utilizing new resources, when no one in the 

group had the given skill. Through this, these students were directly immerged within 

many different communities of practice, including professional media, science, and 

programming communities.   

2.3 Summary 

In combining these theoretical frameworks, it becomes apparent that the lecture 

style classroom that is the forefront of instruction perhaps is not the most effective 

teaching style when one is focused on the student’s needs for learning. These theories 

point to the idea that a student must have an experience with the material and must be 

given the opportunity to connect the new ideas with previous experiences. It is the role of 

the educator to provide these opportunities for the student. Both parts of the project 

provide such opportunities for the student. The undergraduate experience provided an 

apprenticeship-style experience that required the students to be fully ego-involved in the 

project through the creation of a product, the tablet application. The use of the application 

by the primary students provided a simulated experience, which allowed for experiential 

learning through the use of various media. 

Yet, as Duit clarifies, successful design occurs when one combines the ideas of a 

student-oriented and science-oriented approach[30]. As such, providing opportunities for 
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students to have self-determination and experiential learning is not sufficient; it is 

required that the student gains the subject specific knowledge needed. In other words, 

although there is evidence that immersive learning and inquiry learning are useful and 

student focused, it is still critical that there is demonstrable evidence that the student 

gains the required knowledge. This study is designed to carry forth that goal.   



 
 

 

Chapter 3: Methodology and Results for Undergraduate Study 
 
 
 

This study is a quasi-experimental quantitative analysis of student learning 

outcomes during an immersive learning project using means difference testing. The study 

also uses correlation data to determine if there is a relationship between self-perception 

and knowledge; however, no cause and effect will be suggested. Students self-selected 

into the program, so the intervention group is not a random sample.  Although the 

research was performed during the learning experience, the experience was not tailored, 

nor changed as a result of the data acquired; so it was not true design research. Moreover, 

there was not a formal control group that received a traditional classroom experience with 

matched students. Instead the research was focused on seeing if there was a change in 

chemistry knowledge and perception of the value of chemistry in society by the 

undergraduate students completing the immersive learning project. Although it was used 

to speculate at the effectiveness of immersive learning as a method for subject specific 

material, the action of the research was not to compare its effectiveness to other 

knowledge delivery methods. The control is the internal control between the pre and post-

tests.  

3.1  Sample 

The participants of the study were the students enrolled in the Virginia Ball 

Center Teaching Science Using Interactive Apps project which occurred during the Fall 
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2012 semester. The students were given the opportunity to opt out of the study at the two 

administrations. All data was kept anonymous to the researcher and confidential to ensure 

minimal risk to the subjects. This was done by using number identifiers for students 

rather than pairing by names.  

Students applied to be part of the Virginia Ball Center project during the Spring 

2011 semester. Recruitment consisted of general, all-campus emails; individualized 

emails to departments asking for student recommendations; scheduled on-campus 

presentations; and open Q&A sessions where students could request additional 

information. In addition to holding at least sophomore status at the start of the project in 

the fall, students were required to fit one or more of the following categories to be 

selected for the project:  video production experience, animation software experience, 

chemistry content expertise, knowledge of elementary education practices, and/or app 

software writing experience. Twelve students were selected for the project, and all agreed 

to take part in the study. The students were selected by Dr. Jason Ribblett based on their 

applications, which looked at the student’s desire, prior academic experience, 

recommendations by faculty, and their success as independent workers.   The subjects 

were of different majors: three chemistry, two elementary education, one business, one 

theatre, and five telecommunication majors. There was a mixture of gender as well; seven 

students identified as male and five as female. The subjects were in different parts of their 

academic career, but all were of sophomore status or higher and between the ages of 18 

and 25.  
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The amount of participation in the immersive learning experience varied based on 

course load and role on the project. There was an expectation for students to spend any 

time not in class during school hours at the center. For a student getting all their semester 

credit hours from the project, the expectation was 40 hours a week. However, some 

students had classes on-campus and/or extracurricular activities. Credit hours received 

were determined before the start of the semester and depended on the classes needed by 

the student and their department’s willingness to substitute classes. In addition, students 

self-selected into project roles.  As a result, there was a wide variety of participation level 

and immersion level. Table 3.1 summarizes the involvement of the subjects based on 

their diagnosed immersion level and graded credit hours given for the project. To be 

considered fully immersed, the student averaged more than 25 hours per week working 

on the project. A partially immersed student averaged between 10 to 25 hours per week, 

and an unimmersed student averaged less than 10 hours per week on the project. 

Table 3.1: Comparison of Immersion Level and Credit Hours Received 
 Level of Immersioni  

Credit Hours 
Received U P F Total 

0 0 1 0 1 
3 1 0 0 1 
9 1 1 1 3 
12 0 0 1 1 
15 1 1 4 6 

Total 3 3 6 12 
i. U = unimmersed, P = partially immersed, F = fully immersed 

Overall, six students, half of the group, were considered to be fully immersed based 

on the number of hours spent on the project. These students received between nine to 

fifteen credit hours of course credit for the completion of this project. Three students 

were partially immersed: one with zero, one with nine, and one with fifteen credit hours 
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received. The final three students were considered unimmersed. These students received 

three, nine, or fifteen credit hours.  

3.2  Study Instruments 

Two published inventories were used to study chemistry knowledge and 

perception during this study:  The Chemistry Concept Inventory [31] and The Chemistry 

Self-Concept/Perception Inventory [32]. These tests are included in Appendices A and B 

for reference. Both were given as a pre-test and post-test. The pre-test was administered 

during the first week of the fall semester and the post-test during finals week of the same 

semester. Nearly all tests were complete with the greatest number of blank questions 

being on the post tests. The tests were coded to enable pairing of pre- and post-tests for 

means difference testing.  

The Chemistry Concept Inventory is a 22-question multiple choice test that is 

designed to investigate student understanding of basic chemical ideas, as a way to 

measure misconceptions before and after a first semester chemistry undergraduate class. 

Each question has a single correct answer. Some questions do refer back to previous 

questions and require the student to choose an answer choice that explains why they 

chose their previous answer.   

The Chemistry Self-Concept/Perception Inventory is a 40-question test designed 

to investigate student perception of chemistry, math, problem solving, and other 

academic areas. It utilizes statements given in the first person narrative and asks students 

to rank using a Likert scale how well the statement describes them.  
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3.3  Instrument Analysis  

All data were entered into Excel by the primary investigator and transferred to 

SPSS for data analysis. The raw data has been stored in a locked cabinet and the 

spreadsheets and data printouts have been stored on a password-protected computer.  

Each question on the Chemistry Concept Inventory was graded on a binary scale: 

“1” for correct and “0” for incorrect. Each question also was given a coding for topic 

area. The test was divided into six areas: matter conservation, phase change, volume, 

reaction chemistry, solution chemistry, and particulate nature of matter. Questions are 

repeated within the categories. Two questions, questions 14 and 22, were not included in 

the categories but were included in the overall test score. These questions did not fit into 

any category. The overall analysis focused on the differences seen between the pre- and 

post-tests with use of means difference testing and one-tailed t-tests. The null hypothesis 

was μ post − μ pre ≤ 0 and the alternative hypothesis was  μ post − μ pre > 0. The alpha 

was set at 0.05. Table 3.2 shows the questions divided among the five categories.  

A regression analysis between average score change and credit hours was 

performed. Average score change was assumed to be the dependent variable and credit 

hours the independent. The null hypothesis was set as β ≤ 0, the alternative as β > 0 and 

alpha as 0.05.  

An ANOVA test was used to determine if there was a difference between students 

who were fully immersed, partially immersed, and unimmersed. The null hypothesis was 

set as 𝜇𝑓 = 𝜇𝑝 = 𝜇𝑢 and the alternative as 𝜇𝑓 ≠ 𝜇𝑝 ≠ 𝜇𝑢. The alpha was set at 0.05. It 
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also was of interest to see the amount of difference in the change of test scores between 

the two extreme groups. A two-tailed t-test to determine the equality of means was 

utilized.  The null hypothesis was μ fully − μ unimmersed = 0 and the alternate μ fully −

μ unimmersed ≠ 0. The alpha was set at 0.05.  

Table 3.2: Chemistry Concept Inventory Categorical Division 

Category Questions 

Matter 
Conservation 

 
1. Which of the following must be the same before and after a chemical reaction?  
 
4 . What is the mass of the solution when 1 pound of salt is dissolved in 20 pounds of 
water? 
 
5. The diagram represents a mixture of S atoms and O2 molecules in a closed container. 

 

Which diagram shows the results after the mixture reacts as completely as possible 
according to the equation:   2S + 3O2  2SO3 

7. True or False? When a match burns, some matter is destroyed. 

8. What is the reason for your answer to question 7? 

12. A 1.0-gram sample of solid iodine is placed in a tube and the tube is sealed after all 
of the air is removed. The tube and the solid iodine together weigh 27.0 grams. 

 

 

The tube is then heated until all of the iodine evaporates and the tube is filled with 
iodine gas. Will the weight after heating be: 

13. What is the reason for your answer to question 12?  
 
18. Iron combines with oxygen and water from the air to form rust. If an iron nail were 
allowed to rust completely, one should find that the rust weighs: 
 
19. What is the reason for your answer to question 18? 
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Phase Change 

 
2. Assume a beaker of pure water has been boiling for 30 minutes. What is in the 
bubbles in the boiling water? 
 
3. A glass of cold milk sometimes forms a coat of water on the outside of the glass 
(Often referred to as 'sweat'). How does most of the water get there? 
 
6. The circle on the left shows a magnified view of a very small portion of liquid water 
in a closed container. 

 

What would the magnified view show after the water evaporates? 

10. Two ice cubes are floating in water: 

 

After the ice melts, will the water level be: 

11. What is the reason for your answer to question 10? 
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Volume 

 
10. Two ice cubes are floating in water: 

 

After the ice melts, will the water level be: 

11. What is the reason for your answer to question 10? 
 

Reaction 

Chemistry 

 
1. Which of the following must be the same before and after a chemical reaction?  
 
5. The diagram represents a mixture of S atoms and O2 molecules in a closed container. 

 

Which diagram shows the results after the mixture reacts as completely as possible 
according to the equation:   2S + 3O2  2SO3 

9. Heat is given off when hydrogen burns in air according to the equation 

2H2 + O2  2H2O 

Which of the following is responsible for the heat? 
 
18. Iron combines with oxygen and water from the air to form rust. If an iron nail were 
allowed to rust completely, one should find that the rust weighs: 
 
19. What is the reason for your answer to question 18? 
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Solution 

Chemistry 

15. Figure 1 represents a 1.0 L solution of sugar dissolved in water. The dots in the 
magnification circle represent the sugar molecules. In order to simplify the diagram, the 
water molecules have not been shown. 

 
Figure 1 

Which response represents the view after 1.0 L of water was added (Figure 2). 

20. Salt is added to water and the mixture is stirred until no more salt dissolves. The salt 
that does not dissolve is allowed to settle out. What happens to the concentration of salt 
in solution if water evaporates until the volume of the solution is half the original 
volume? (Assume temperature remains constant.) 

 

The concentration: 
 
21. What is the reason for your answer to question 20? 
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Particulate 

Nature of 

Matter 

5. The diagram represents a mixture of S atoms and O2 molecules in a closed container. 

 

Which diagram shows the results after the mixture reacts as completely as possible 
according to the equation:2S + 3O2  2SO3 

6. The circle on the left shows a magnified view of a very small portion of liquid water 
in a closed container. 

 

What would the magnified view show after the water evaporates? 

15. Figure 1 represents a 1.0 L solution of sugar dissolved in water. The dots in the 
magnification circle represent the sugar molecules. In order to simplify the diagram, the 
water molecules have not been shown. 

 
Figure 1 

Which response represents the view after 1.0 L of water was added (Figure 2). 
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The Chemistry Self-Perception test was entered using the given Likert scale; and 

each question was coded using two classifications: positive or negative feelings and 

feelings about chemistry, math, academics, or problem solving. This gave a total of 8 

separate categories. Means difference testing with one-tailed t-tests was used to 

determine the change in perception during the project. The null hypothesis for the 

positive categories was μ post − μ pre ≤ 0 and the alternative hypothesis was  μ post −

μ pre > 0. For the negative categories the hypotheses were  μ post − μ pre ≥ 0 and the 

alternative hypothesis was  μ post − μ pre < 0, since it is assumed for the student to feel 

less negative after the immersion project. The alpha was set at 0.05. The questions were 

divided in the 8 categories given in Table 3.3.  

Table 3.3: Chemistry Self Perception Inventory Categorical Division 

Category Questions 

Positive 
Feelings about 

Chemistry 

 
8. I participate confidently in discussions with school friends about chemistry topics.  
 
12. I find chemistry concepts interesting and challenging 
 
16. When I run into chemical topics in my courses, I always do well on that part.  
 
24. I am quite good at dealing with chemical ideas 
 
36. I have always done better in courses that involve chemistry than in most courses.  
 

Negative 
Feelings about 

Chemistry 

 
4. I have never been excited about chemistry 
 
20 I would hesitate to enroll in courses that involve chemistry.  
 
28. Chemistry intimidates me.  
 
32. I have always had difficulty understanding arguments that require chemical 
knowledge. 
 
40. I have trouble understanding anything based on chemistry.  
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Positive 
Feelings about 

Math 

 
1. I find many math problems interesting and challenging.  
 
9. I have generally done better in math courses than in other courses.  
 
17. I am quite good at math.  
 
25. I have always done well in math classes 
 
33. At school, my friends always come to me for help in math.  
 

Negative 
Feelings about 

Math 

 
5. I have hesitated to take courses that involve math.  
 
13. Math makes me feel inadequate. 
 
21. I have trouble understanding anything based on math.  
 
29. I never do well on tests that require math reasoning.  
 
37. I have never been very excited about math.  
 

Positive 
Feelings about 

Academics 

 
2. I enjoy doing work for most academic subjects.  
 
10. I like most academic subjects.  
 
18. I’m good at most academic subjects.  
 
26. I learn quickly in most academic subjects.  
 
34. I get good marks in most academic subjects.  
 

Negative 
Feelings about 

Academics 

 
6. I hate studying many academic subjects.  
 
14. I have trouble with most academic subjects.  
 
22. I’m not particularly interested in most academic subjects.  
 
30. I hate most academic subjects.  
 
38. I could never achieve academic honors, even if I worked harder.  
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Positive 
Feelings about 

Problem 
Solving 

 
7. I am good at combining ideas in ways that others have not tried.  
 
15. I enjoy working out new ways of solving problems.  
 
23. I have a lot of intellectual curiosity.  
 
31. I am an imaginative person.  
 
39. I can often see better ways of doing routine tasks.  
 

Negative 
Feelings about 

Problem 
Solving 

 
3. I am never able to think up answers to problems that haven’t already been figured 
out.  
 
11. I wish I had more imagination and originality.  
 
19. I’m not much good at problem solving.  
 
27. I am not very original in my ideas, thoughts, and actions.  
 
35. I have no interest in being an inventor.  

 

A correlation study between perception and concept test score also was run. 

Overall average test scores from the chemistry concept inventory were compared to the 

four positive feeling categories. The null hypothesis was set as β ≤ 0, the alternative as 

β > 0 and alpha as 0.05. No speculation or assumption was made about dependence 

between perception and test score.  

3.4  Results 

When examining individual questions on the concept inventory, four were found 

to be statistically significant between the pre- and post-tests. All of these had a positive 

deviation; the project did not affect negatively any understanding, but positively affected 

understanding of at least four of the questions, as shown in Table 3.4.  
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Table 3.4: Chemistry Concept by Question 

Question Number Mean Difference p-valuei 

1 -0.167 0.170 
2 0.250 0.096 
3 0.333 0.020 
4 0.000 0.500 
5 -0.083 0.337 
6 -0.167 0.083 
7 0.000 0.500 
8 -0.167 0.083 
9 -0.083 0.337 

10 0.333 0.020 
11 0.333 0.020 
12 -0.167 0.083 
13 0.000 0.500 
14 -0.083 0.337 
15 0.500 0.013 
16 -0.167 0.083 
17 -0.083 0.337 
18 0.083 0.337 
19 0.250 0.100 
20 0.000 0.500 
21 0.083 0.337 
22 -0.083 0.337 

i. Statistically significant values are bolded and shaded. 

Questions also were divided into categories and examined for changes in 

understanding. Three of the six categories showed significant change after students went 

through the immersive learning project. Understanding of phase change, volume, and 

solution chemistry all showed significant improvement. Matter conservation, reaction 

chemistry, and particulate nature of matter showed no significant change. Although the 

mean difference of the matter conservation data is negative, the decrease is not 

significant. The overall test score, although showing an increase, does not show 

significant improvement. Details are observed in Table 3.5. 
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Table 3.5: Chemistry Concept by Category 

Category Mean Difference p-value 
Matter 

Conservation -0.028 0.232 

Phase Change 0.217 0.024 
Volume 0.333 0.020 
Solution 

Chemistry 0.194 0.023 

Reaction Chemistry 0.0167 0.362 
Particulate Nature 

of Matter 0.056 0.329 

Overall Test 0.044 0.110 
i. i. Statistically significant values are bolded and shaded. 

 
Overall, there was little association between credit hours received and 

improvement in test score. Only 2.0% of the change in test score can be attributed to 

credit hours received, and there seems to be no significant correlation between credit hour 

received and difference in score (p-value 0.67), as can be seen in Figure 3.1.  

Figure 3.1: Association Between Credit Hours Received and Change in Test Score 

 

An ANOVA test was run to determine if there was a difference between the three 

groups of students (fully immersed, partially, and unimmersed) and their change in 

concept score. The average change in test score for an unimmersed student was                 
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-6.1±4.0%, the partially +2.6±10.2%, and the fully immersed +10.6±2.8%. Although it 

appears there is a difference in change in score, there is simply not enough evidence 

(p=0.122) to support the claim that there is an actual difference in groups. This is likely 

due to the small sample size and the large standard deviation, specifically in the partially 

immersed category. As a result, an independent t-test for equality of means between 

unimmersed and fully immersed students was run. Assuming unequal variances, a 

difference between the samples was still identified with a p-value of 0.027 and an 

average difference of -16.6 ± 4.9% between the two groups.  Figure 3.2 and Table 3.6 

compare the average change in test score between the groups, Table 3.7 gives the 

ANOVA and t-test details with the p-significance value circled.  

Figure 3.2: Average Score Change and Immersion Level 
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Table 3.6: Comparison of Average Score Change Between Immersive Levels 

Category Average Change in Test Score 
Unimmersed -6.1 ± 4.0% 
Partially immersed +2.6 ± 10.2%, 
Fully immersed +10.6 ± 2.8%. 
Total 4.4 ± 3.4 % 

 

Table 3.7: Test Statistics for Immersion Levls 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Between Groups 566.429 2 283.214 2.677 .122 

Within Groups 952.233 9 105.804   
Total 1518.661 11    
      

 
                                                                  Independent Samples Test 

  

t-test for Equality of Means 

t df 
Sig. (2-
tailed) Mean Difference 

Std. Error 
Difference 

 Equal 
variances 
assumed 

-3.439 7 .011 -16.63059 4.83542 

Equal 
variances not 
assumed 

-3.411 4.007 .027 -16.63059 4.87515 

 
When examining the Chemistry Perception test, it was found that there was not 

enough evidence to suggest that perception changed after undergoing the immersive 

learning project. All four of the positive categories showed an average increase, and two, 

chemistry and problem solving, showed a decrease for negative feelings according to the 

alternative hypothesis; however, the level of significance shows that the change is not 

statistically significant. Table 3.8 details these findings.  
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Table 3.8: Chemistry Perception by Category 

Perception Category Mean Difference p-value 

 Chemistry Positive Feelings 0.417 0.104 
Negative Feelings -0.250 0.126 

Math Positive Feelings 0.167 0.127 
Negative Feelings 0.100 0.317 

Academics Positive Feelings 0.000 0.500 
Negative Feelings 0.183 0.156 

Problem Solving Positive Feelings 0.117 0.307 
Negative Feelings -0.042 0.434 

 

Student’s perception of the different subject areas were compared to a student’s 

change in test score, and no strong correlations were found, although interestingly the 

change in concept score does consistently show a negative correlation to a student’s 

feeling about each subject area. In other words, a student that felt negatively about 

chemistry, math, academia, or problem solving at the start of the project actually showed 

a greater increase in their test score. However, this negative correlation is not statistically 

significant in any of the cases (p-values of 0.26, 0.30, 0.15, and 0.62 respectively). (See 

Figure 3.3).  

On the other hand, when a student’s pre-score is compared to their feelings about 

the four subject areas, it is found that a student’s feelings about chemistry and their pre-

test score is moderately positively correlated (r=0.6, p=0.001). Feelings about academia 

and math also show positive correlation, but the slope is not statistically significant (p-

values of 0.65 and 0.22 respectively). Feelings about problem solving demonstrated a 

negative correlation, but again, was not statistically significant (p=0.25).  Figure 3.4 

illustrates this. A regression of post-test scores and feelings yielded nearly identical 

results. Only feelings about chemistry and a student’s post-test score were found to have 

a statistically significant correlation (r=0.5, p=0.007). 
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Figure 3.3: Correlation between Concept Score Change and Perceptions 

 
i. The equation is y = -1.18x + 8.45 with an R2 of 0.04 and p-value of 0.26 
ii. The equation is y = -1.27x + 9.37 with an R2 of 0.04 and p-value of 0.30 
iii. The equation is y = -5.17 x + 31.65 with an R2 of 0.16 and p-value of 0.15 
iv. The equation is y = -1.80x + 14.20 with an R2 of 0.01 and p-value of 0.62 

Figure 3.4: Correlation between Pre-Test Conception and Perceptions 

 
i. The equation is y = 8.52x + 20.61 with an R2 of 0.66 and p-value of 0.001 
ii. The equation is y = 1.72x + 43.04 with an R2 of 0.02 and p-value of 0.47 
iii. The equation is y = 8.88 x + 2.99 with an R2 of 0.15 and p-value of 0.22 
iv. The equation is y = -10.11x + 104.82 with an R2 of 0.13 and p-value of 0.25 

-20 

-10 

0 

10 

20 

30 

0 2 4 6 8 

Ch
an

ge
 in

 C
on

ce
pt

 S
co

re
 

Feelings about Chemistry 
-20 

-10 

0 

10 

20 

30 

0 2 4 6 

Ch
an

ge
 in

 C
on

ce
pt

 S
co

re
 

Feelings about Math 

ii 

-20 

-10 

0 

10 

20 

30 

0 2 4 6 

Ch
an

ge
 in

 C
on

ce
pt

 S
co

re
 

Feelings about Academia 
-20 

-10 

0 

10 

20 

30 

0 2 4 6 

Ch
an

ge
 in

 C
on

ce
pt

 S
co

re
 

Feelings about Problem Solving 

0 

50 

100 

-1 1 3 5 7 Co
nc

ep
t P

re
-T

es
t 

Feelings about Chemistry 

0 

50 

100 

0 2 4 6 Co
nc

ep
t P

re
-T

es
t 

Feelings about Math 

0 

50 

100 

0 2 4 6 8 Co
nc

ep
t P

re
-T

es
t 

Feelings about Academia 

0 

50 

100 

0 2 4 6 Co
nc

ep
t P

re
-T

es
t 

Feelings about Problem Solving 

i 

iii iv 

i 

iii iv 

ii 



 
 

 

Chapter 4: iPad Application – The Product 
 
 
 
 Literature research and interviews with children demonstrated that the most 

salient qualities of an application were to be interactive, “kid-friendly”, explorative, and 

learner focused [9]. These qualities are required to command the student’s attention and 

keep him/her involved during the learning activity.  Combining these ideas with the 

theories of Hirumi and Stapleton’s game design, that any educational game should 

always “enhance, rather than obstruct achievement of the learning objectives,” the 

product began with the Indiana standards and worked to build media around these 

standards. In addition, it is critical that during any explorative approach that a student 

never feel lost, i.e. the frustration level can never be too high [11]. To ensure that any 

student, assuming a grasp of the English language at a 3rd grade level, could use the 

application, material was scaffolded and divided into small chunks of information. This 

provided an outlet for students who may be behind in material to learn foundational 

material.  

 To outline the product each component of design will be demonstrated with 

screenshots, and justification of design will be given. The full application can be 

downloaded through the Apple Store on an iPad by searching for “Chemistry Matters.”  
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4.1 Standard-Based Design 

There are four fifth grade physical science standards. These were the focus of the 

application. In addition, the process standards that involve the nature of science were 

considered and implemented whenever possible. Table 4.1 shows these standards.  

Table 4.1: Indiana Science Standards[16] 

Physical Science Content Standards 
5.1.1  Describe and measure the volume and weight of a sample of a given material. 
5.1.2 Describe the difference between weight and mass. Understand that weight is dependent on 

gravity and mass is the amount of matter in a given substance or material. 
5.1.3 Demonstrate that regardless of how parts of an object are assembled the weight of the whole 

object is identical to the sum of the weight of the parts; however, the volume can differ from the 
sum of the volumes. 

5.1.4 Determine if matter has been added or lost by comparing weights when melting,  
freezing or dissolving a sample of a substance. 

The Nature of Science Process Standards 
5.NS.1 Make predictions and formulate testable questions. 
5.NS.2 Design a fair test.  
5.NS.3 Plan and carry out investigations. 
5.NS.4 Perform investigations using appropriate tools and technologies. 
5.NS.5 Use measurement skills and apply appropriate units when collecting data.  
5.NS.6 Test predictions with multiple trials. 
5.NS.7 Keep accurate records in a notebook during investigations and communicate findings to others 

using graphs, charts, maps, and models through oral and written reports 
5.NS.8 Identify simple patterns in data and propose explanations to account for the patterns.  
5.NS.9 Compare the results of an investigation with the prediction 

 

The standards were divided into three units: Mass, Volume, & Density; Phases of 

Matter; and Mixtures. Standards 5.1.1 and 5.1.2 are the focus of Unit 1, whereas 5.1.3 

and 5.1.4 are the focus of Units 2 and 3, respectively. The Process Standards were 

utilized throughout the application. Unit 1 will be the focus of discussion, as Units 2 and 

3 are currently under development. The title pages for each unit can be seen in Figure 4.1 
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Figure 4.1: Title Pages for Units 

 

 

 

 

 

 

 

 

 

 

 

 

 

To properly discuss the underlying ideas of standards 5.1.1 and 5.1.2, students 

first need to understand the concept of matter; and they have to know that all material is 

made of tiny particles. This provides the foundational material necessary to understand 

the difference between mass and weight, as well as understanding mass conservation. 

Therefore the start of Unit 1 is an introduction of matter and basic definitions. Figure 4.2 

shows the introduction into matter. By clicking on a term in the lower left-hand corner of 

the screen, its definition listed in the white space above the terms changes.  

The student is then shown the difference between mass and weight, which 

correllates to Standard 5.1.2. The text introduces definitions and also provides students an 

idea about predicting the mass of objects using the metric system, which correlates to 

standard 5.NS.5. The video and pull out tab provide additional material to reinforce the 



36 
 

 

concepts. The video also demonstrates the proper use of a balance and the use of 

predicitions, correlating to 5.NS.1. See Figure 4.3. 

Figure 4.2: Introduction to Matter 

 

Figure 4.3: Comparison of Mass and Weight 

 

The next section presents the way to measure mass and weight using scales and 

balances, giving students the experience to know what instrumenation to use in 
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investigative studies (5.NS.4). It also reinforces the idea that weight deals with gravity 

and is dependent on mass. See Figure 4.4 for pictures of each slide the student can swipe 

through. 

Figure 4.4: Measuring Mass and Weight with Scales and Balances 

 

In this section the student also has the opportunity to play a game, which takes the 

student to an HTML widget designed to help him/her understand that location does not 

affect mass and the amount of matter; whereas, weight is affected. The widget also 

reinforces the ideas of proper use of instrumentation and metric units and therefore 

standard 5.NS.5 (Figure 4.5). Additionally, by using the created worksheet that 

accompanies the application, students are required to fill in a table that helps them 

discover how mass and weight are related, which demonstrates standard 5.NS.7 and 
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5.NS.8 (Figure 4.6). The full worksheet that accompanies the application can be found in 

Appendix C. 

Figure 4.5: Game Comparing Mass and Weight 

 

Figure 4.6: Worksheet Discovery Question for Weight vs. Mass 

 

After the student has worked with the mass and weight section, he/she moves to 

the concept of volume. In this section, seen in Figure 4.7 and Figure 4.8, the student first 

learns about the relationship between matter, volume, and mass through text and an 

accompanying video. The student also is introduced to the concept of phase, which builds 

the foundation for the next unit when mass conservation is related to phase change. The 

material also covers common unit measurements and ways to measure volume depending 
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on the phase.  On the next page, the student reviews measuring volume with graduated 

cylinders. This is a standard that is covered in earlier grade levels, but initial testing 

showed a weakness in the area. Because it is a concept that is key to understanding any 

sort of graduated measurement, i.e. rulers, protractors, etc., it was determined that it was 

a critical skill to review. These pages cover Standards 5.1.2, 5.NS.4, and 5.NS.5.  

Figure 4.7: Introduction to Volume 

 

Figure 4.8: Review of Using Graduated Cylinders 
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In the final section, demonstrated in Figure 4.9 and Figure 4.10, the student learns 

about the concept of density. Although not an explicit standard, an understanding of the 

relationship between mass and volume is needed to truly understand the later standards of 

mass conservation and the lack of volume conservation. Therefore it sets the stage for 

standard 5.1.3.  

Figure 4.9: Introduction to Density 

 

Figure 4.10: Density Interactive 
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A game also is included in this section, which allows the student to predict if 

items will sink or float in water; i.e. predict if objects are more or less dense than water. 

This exercise along with a question from the guided worksheet (Figure 4.11) helps 

students work on their predicition abilities and then allows them to test their ideas, which 

correlates with 5.NS.1, 5.NS.3, 5.NS.5, and 5.NS.8. 

Figure 4.11: Worksheet Problem for Density Predictions 

 

4.2 Learner-Focused Design 

As mentioned earlier a major goal was to ensure that any student, no matter the 

background, could learn from the application. It has already been demonstrated that the 

application reviews prior material that is necessary to understand the new material, as 

well as provide multiple forms of media (text, video, and games) to assist the student’s 

learning. A few other design elements were added to ensure that a student could 

understand the material.Throughout the app there are words that are boxed in red. These 

are words that a student may not know.  A student can choose to click on these terms and 

be taken to the definition of the word, which can help them understand the surrounding 

text or videos, as the actors may use these words. See Figure 4.12. 
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Figure 4.12: Definitions in Text 

 

 Moreover, there are pull-out tabs that give the student additional information. 

Often these go beyond the requirements of the standards and give additional details that a 

more advanced  student might find useful and thought provoking. (Figure 4.13) 

Figure 4.13: Pull-Out Tabs Providing Advanced Material 

 

 To reinforce the material, there are quizzes at the end of each unit. These test the 

student’s understanding of the material just covered and provides another opportunity for 

students to review the standards. Additionally, each question provides feedback and 
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allows students to reanswer the question. This allows them to review concepts and 

definitions that they may have missed and retry the questions before they are responsible 

for the material in a higher-stakes environment such as classroom or standaridized 

testing. Figure 4.14 provides examples of these questions and the feedback provided.  

Figure 4.14: Sample Quiz Questions with Feedback  

 

Finally, there is a section that provides an example experiment that students can 

easily do at home or that teachers could use as a classroom example. Often these mimic 

an experiment shown in one of the videos in the lesson. This provides an additional 

opportunity for students to fully explore the standards in an explorative manner, as well 

as work on all of the Nature of Science Process Standards. Figure 4.15 gives an example 

of the experimental section; it is the experiment for Unit 1.  
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Figure 4.15:Sample Experiment for Unit 1 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Interactive Design 

 One of the key elements of maintaining student interest is having interactive 

material. Attention and interest are magnified when there are elements on the page that 

students are able to interact with and manipulate [11].  Moreover, this allows for 

exploration-based learning by the student, which has been established as a constructive 

way for students to engage with material and retain it for longer periods of time [7].  

 Due to this prior research the application was designed with interactivity as a 

central focus. Every page allows the student to interact with material in some way, which 

differentiates this learning tool from a traditional textbook. More than just the ability to 

showcase multiple forms of media, the student is able to actually change the words on the 
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page by pressing buttons, pulling out tabs, and swiping to new areas. Moreover, the 

games that are included add an extra dimension that allows students to explore their ideas 

while still providing a structured learning environment. Figure 4.16 showcases some of 

these elements on different pages.  

Figure 4.16:Interactivity Examples 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.4 Kid-Friendly Design 

 Although interactivity is critical to maintaining student interest, it also is 

imperative that the design be such that a student wants to use the application. In result, it 

was deemed important to make the art, text, and videos friendly to the 9-12 year old age 

group. Moreover, to invest the user in the application the characters from the videos were 

Videos can be paused so observations 
can be made and surrounding text can be 
read.  

Games add the ability for students to 
experiment and test hypotheses.   

Students are able to change definitions, 
as well as manipulate the magnifying 
glass.  

 

By clicking on the “MEASURE” button 
students can check their answers to their 
measurements.  
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also cartoonized in animation and used throughout the application. Kelvin and Kelli, the 

chemists, are the actors the student sees in the videos; but they also appear on different 

planets in the mass vs. weight game, as pop-ups during the quizzes to help guide the 

student, and on transition pages to guide the student to the next section. Figure 4.17 

demonstrates different kid-friendly design strategies.  

Figure 4.17:Kid-Friendly Design Examples 

 

 

Kelli and Kelvin appear in all the videos, 
as consistent characters. They also 
provide an example of a scientist.   

Kelvin appears in different labs to 
transition between concepts.  

The use of chalk print and bright colors 
is used to make the application 
appropriate for a younger audience. 

 

Kelvin and Kelli appear as cartoons 
throughout the application.  

 



 
 

 

Chapter 5: Methodology and Results for Primary Student Study 
 
 
 

This study is a quasi-experimental quantitative analysis of student learning 

outcomes after intervention with the tablet application using means difference t-tests and 

ANOVA to study the change in test score and differences between populations of 

students. The study also uses correlation data to determine if there is a relationship 

between self-perception and knowledge; however, no cause and effect will be suggested. 

Classrooms were selected by finding educator volunteers at the 2013 HASTI conference, 

so the intervention group is not completely random; however, attempts were made to find 

a variety of classroom experiences. Private, charter, and public schools were visited, as 

well as classrooms with varying socioeconomic status, gender, and race. Therefore the 

overall student population is quite diverse. The study does not have a formal control 

group that received a traditional classroom experience with matched students. Instead the 

research is focused on seeing if there is simply a change in knowledge and perception 

after treatment. Although used to speculate at the effectiveness of using a tablet 

application as a method for teaching and/or reviewing content material, the action of the 

research was not to compare effectiveness to other knowledge delivery methods. The 

control is the internal control between the pre- and post-tests.  

  The research was performed while the application was still being finalized, and 

it was tailored as a result of the data acquired. A student at the beginning of the study did 
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see a slightly different application than a student at the end of the study. Therefore, the 

study also is designated as design research. However, no major changes in material were 

undertaken between classrooms. Therefore, data will be grouped to study the differences 

between groups.  

5.1  Sample 

The participants of the study were all students from Indiana schools. Students 

were required to obtain consent by having their parent or guardian sign a form stating that 

the family and student understood the study and any risks/benefits involved. This was 

sent to the school a week before arrival and collected by the classroom teacher. On the 

day of classroom intervention if a student did not have the proper permission slip, the 

student did an alternate activity or had their papers collected by the classroom teacher 

instead of the researcher. The students also were verbally informed of their ability to 

refuse to take the test at the two administrations. All data was kept anonymous to the 

researcher through the use of a paired numbering system and confidential to ensure 

minimal risk to the subjects. Protocol followed the standards set by IRB, although the 

research was not required to have approval by the board due to performing research about 

a method (the use of the tablet application) rather than directly about the student. 

Appendix F is the letter from the IRB.  

All students were in the 4th, 5th, or 6th grade and between the ages of 8 and 13. The 

sample consisted of a mixture of males (78) and females (126); students with 

Individualized special Education Plans (25) and without (199); amount of time spent with 

iPads on a regular basis:  Daily (113), Weekly (33), Monthly (17), and Never (60); and 

type of school:  Public (205), Charter (51), and Private (18). The students self-identified 
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(except for IEPs which the teacher identified) into these groups and some responses were 

left blank. In this case the scores were excluded from the specific testing. 

The sample also was diverse in race and socioeconomic status, but no identifiers 

were collected. Seven school sites were visited during the Spring semester. Whenever 

possible, multiple classrooms were visited during the same day.  Table 5.1summarizes 

the school visits.  

Table 5.1.: School Sites  

Schooli Type Grade Level Number of 
students Classroom iPad Use 

5A Charter 5th 69 Daily 

5D Private 
Catholic 5th 10 Daily 

4A Public 4th 60 Minimali 

5C Public 5th 73 Never 

6A Public 6th 77 Never 

5B Private 
Jewish 5th 9 Daily 

56A Charter 5th and 6th 17 Never 
i. Schools were given pseudonyms.  
ii. K had one iPad for each classroom, but students rarely used.  

 
 Every school visit followed the same schedule. The knowledge pre-test and 

perception test was sent to the school no less than one week before the scheduled 

intervention date. This was given by the classroom teacher and collected no less than two 

days before the school visit. On the data collection day, the researcher arrived with a 

classroom set of sixteen iPads with the application pre-loaded. The students were 

required to use the provided iPads. A short introduction demonstrated the proper use of 

the application, explained the point of the study and the student’s ability to refrain from 

participation, and the topic of the lesson. The students then received an iPad and a 

worksheet (Appendix C). If the classroom was larger than 16 students, they formed pairs. 
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If the classroom was smaller than 16, each student received an iPad; but the students were 

still permitted to work in pairs. The students worked independently for no less than 30 

minutes and no more than 40 minutes using the application and completing the 

worksheet. The students were permitted to ask questions to the researcher, their 

classroom teacher, or another student. At the end of the independent activity, the 

researcher did a short (no more than 5 minutes) oral review of the material through 

question and response by student volunteers. The iPads and worksheets were collected, 

and the post-test was then administered. Students were given between 10 and 15 minutes 

to complete the testing activity.   

5.2  Study Instruments 

Two inventories were created to study knowledge and perception during this 

study, which can be found in Appendices D and E. The perception test, which also 

included two personal questions about gender and iPad use, was administered by the 

classroom teacher along with the pre-test before the arrival of the primary investigator. 

The post-test, which was used to measure the change in knowledge, was given after the 

students used the tablet application. The tests were coded to enable pairing of pre- and 

post-tests. The worksheet (Appendix C) was collected by the researcher but not used for 

analysis.  

The knowledge inventory was designed to test the student’s knowledge of the 

standards discussed in Table 4.1: Indiana Science Standards. Additionally, previous 

ISTEP tests were used as references to guide question design. Since the ISTEP test has a 

free-response section as well as multiple choice there is a question for each part that asks 

students to explain their answers.  
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The created perception inventory is a 9 question test designed to investigate 

student perception of science, school, math, and learning. It utilizes statements given in 

the first person narrative and asks students to rank using a Likert scale of how well the 

statement describes them.  

5.3  Instrument Analysis  

All data were entered into Excel by the primary investigator and transferred to 

SPSS for data analysis. The raw data has been stored in a locked cabinet and the 

spreadsheets have been saved on a password-protected computer.  

Each question on the knowledge inventory was graded on a binary scale:  “1” for 

correct and “0” for incorrect. Each question also was given a code for topic area. The test 

was divided into five areas: instrumentation (Standard 5.NS.4); measurement (Standard 

5.1.1 and 5.NS.5); mass, weight, and density (Standard 5.1.2); conservation (Standard 

5.1.4); and mixed solutions (Standard 5.1.3). Questions were not repeated within the 

categories.  Table 5.2 shows the questions divided among the five categories. 

The first three categories:  instrumentation; measurement; and mass, weight, and 

density are the topics of Unit 1 of the application−the intervention that the students 

received. The other questions were included to determine student’s misconceptions to 

guide design of Units 2 and 3. Additionally, it was of interest to determine if the students 

could apply the concepts learned in Unit 1 to answer novel concepts that they had not 

formally learned.  
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Table 5.2.: Knowledge Inventory Categorical Division 
 Category Questions 

U
ni

t 1
 S

pe
ci

fic
 

Instrumentation 
(5.NS.4) 

 
4a. What would be the best instrument to measure the weight?  

5a. What would be the best instrument to measure the mass of her camera?  

6a. What would be the best instrument to measure the volume?  

Measurement 
(5.1.1 & 5.NS.4) 

 
1a and 1b. In each picture what volumes are marked?  
 
3. What is the mass of the golf ball?  
 

 
Mass, Weight, 

and Density 
(5.1.2) 

 
2a and 2b. In each picture choose the block with the larger density. 
 
5b. What do you predict will happen to the mass and weight of her camera?  
 
5c. Why did you choose your answer to question 5b? 
 

U
ni

t 2
 a

nd
 3

 

Conservation 
(5.1.4) 

 
4b. What do you predict will happen to the weight and volume when the water 
changes from a solid to liquid?  
 
4c. Why did you choose your answer to question 4b?  
 

Mixed Solutions 
(5.1.3) 

 
6b. What do you predict will be the effect of mixing on the mass and volume?  
 
6c. Why did you choose your answer to 6b?  
 

Individual questions, as well as groups of questions deemed application specific 

and not application specific, were analyzed. The differences seen between the pre- and 

post-tests were examined with use of means difference testing and one-tailed t-tests. 

Students who only took one of the two tests were excluded from the study. The null 

hypothesis was μ post − μ pre ≤ 0 and the alternative hypothesis was  μ post − μ pre > 0. 

The alpha was set at 0.05. Two separate two-tailed t-tests determined if there was an 

equality of means in change of test scores between the genders or students with or 

without an IEP. The null hypotheses were μ male − μ female = 0  and  μ IEP − μ no IEP =
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0  and the alternative hypotheses were μ male − μ female ≠ 0 and μ IEP − μ no IEP ≠ 0. 

The alpha was set at 0.05. ANOVA testing was used to determine if there was a 

difference between students who used iPads daily, weekly, monthly, or never, and to see 

if there was a difference between school types. The null hypotheses were set as 𝜇𝐷𝑎𝑖𝑙𝑦 =

𝜇𝑊𝑒𝑒𝑘𝑙𝑦 = 𝜇𝑀𝑜𝑛𝑡ℎ𝑙𝑦 = 𝜇𝑁𝑒𝑣𝑒𝑟  and 𝜇𝑝𝑟𝑖𝑣𝑎𝑡𝑒 = 𝜇𝑐ℎ𝑎𝑟𝑡𝑒𝑟 = 𝜇𝑝𝑢𝑏𝑙𝑖𝑐. The alternatives were 

𝜇𝐷𝑎𝑖𝑙𝑦 ≠ 𝜇𝑊𝑒𝑒𝑘𝑙𝑦 ≠ 𝜇𝑀𝑜𝑛𝑡ℎ𝑙𝑦 ≠ 𝜇𝑁𝑒𝑣𝑒𝑟 and 𝜇𝑝𝑟𝑖𝑣𝑎𝑡𝑒 ≠ 𝜇𝑐ℎ𝑎𝑟𝑡𝑒𝑟 ≠ 𝜇𝑝𝑢𝑏𝑙𝑖𝑐.  The alpha 

was set at 0.05.  

The perception test was entered using the given Likert scale and each question 

was coded into six categories: positive feelings about science, math, school, and learning 

and negative feelings about science and school. A correlation study between perception 

and the knowledge inventory was run. Overall pre-test scores and the change between 

post-test and pre-test scores from the knowledge inventory were compared to the 4 

positive feeling categories. The null hypothesis was set as β ≤ 0, the alternative as β > 0 

and alpha as 0.05. No speculation or assumption was made about dependence between 

perception and test score. The questions were divided in the six categories given in Table 

5.3.  
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Table 5.3: Perception Inventory Categorical Division 
Category Questions 

Positive 
Feelings about 

Science 

 
1. Science is my favorite class. 

6. I someday want my job to use science. 

7. I get excited for science. 
Negative 

Feelings about 
Science 

 
5. I have never liked science. 

Positive 
Feelings about 

Math 

 
8. I like math. 

Positive 
Feelings about 

School 

 
3. I enjoy school. 

9. I do well in school. 

Negative 
Feelings about 

School 

 
2. I do not get good grades. 

Positive 
Feelings about 

Learning 

 
4. I like learning new things.  

 

5.4  Results 

All categories of chemistry knowledge were found to have a statistically 

significant improvement. The Unit 1 specific standards were found to increase by an 

average of 11.8% and the non-application standards by 6.1% after using the tablet 

application. Table 5.4 details these results. 

Table 5.4: Change in Chemistry Knowledge by Category 
Category Pre-Test Post-Test Mean Difference p-value 

Instrumentation 61.1% 80.2% 19.2% 0.000 
Measurement 65.9% 70.6% 4.7% 0.048 

Mass, Weight, and 
Density 

40.1% 50.4% 10.3% 0.000 

Conservation 13.3% 22.1% 8.8% 0.000 
Mixed Solutions 15.0% 18.3% 3.3% 0.000 

Overall Test 42.3% 52.4% 10.1% 0.000 
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Every school also demonstrated significant changes in score after the tablet 

intervention. But there are observable differences between schools. An ANOVA test 

demonstrated that there was a significant difference between school sites (p=0.002). On 

the other hand, the type of school was found to not be significant. Figure 5.1 and Figure 

5.2 illucidate these findings, and Table 5.5 and Table 5.6 detail the results of the ANOVA 

analysis.  

Figure 5.1: Change in Chemistry Knowledge by School 
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Figure 5.2: Change in Chemistry Knowledge by School Type 

  

Table 5.5: Comparison of Test Scores Between School Sites 

School Site N Mean Std. Error 

Hasten Hebrew Academy 8 19.41250 5.728842 

St. Lawrence 10 2.97700 4.189942 

Taylor Intermediate 73 13.89507 2.028202 

Kingsbury 60 5.59583 1.781538 

Jefferson Craig 51 13.13863 3.104167 

Taylor Middle 55 4.44218 2.218406 

Caanan Community Academy 17 17.97118 4.788168 

Total 274 10.05496 1.087421 

ANOVA 

Difference in Score 

 Sum of Squares df Mean Square F Sig. 

Between Groups 6753.972 6 1125.662 3.679 .002 

Within Groups 81698.310 267 305.986   
Total 88452.281 273    
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Table 5.6: Comparison of Test Scores Between Types of School 

School Type N Mean Std. Error 

Public 205 9.26790 1.184241 

Charter 51 13.13863 3.104167 

Private 18 10.28167 3.884973 

Total 274 10.05496 1.087421 
 

ANOVA 

Difference in Score 

 Sum of Squares df Mean Square F Sig. 

Between Groups 612.874 2 306.437 .945 .390 

Within Groups 87839.408 271 324.131   
Total 88452.281 273    

 
Grade level also was found to have an effect on change in test score (p=0.001). 

Fifth  graders were found to improve the most after using the application, improving on 

average 13.2%, whereas 4th graders improved 5.6% and 6th graders 4.4%. Figure 5.3 and 

Table 5.6 show these findings.  

Figure 5.3: Change in Chemistry Knowledge by Grade Level 
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Table 5.7: Comparison of Test Scores Between Grade Levels 

 N Mean Std. Deviation Std. Error 

4 60 5.59583 13.799734 1.781538 

5 142 13.16535 19.018389 1.595988 

6 55 4.44218 16.452139 2.218406 

Total 257 9.53132 17.796644 1.110124 
 

ANOVA 

Difference in Score 

 Sum of Squares df Mean Square F Sig. 

Between Groups 4229.025 2 2114.513 6.989 .001 

Within Groups 76851.436 254 302.565   
Total 81080.461 256    

  

When independent t-tests were run, it was found that there were no significant 

differences between the genders or being identified as having an IEP (p-values of 0.074 

and 0.109, respectively). A male’s average score change was 11.8%; whereas, females 

increased by 8.2% on average. Students with IEPs increased by an average of 6.7%, 

whereas students without IEPs increased by 11.0%.  

 The amount a student used an iPad seemed to have no effect on change in test 

score (p=0.265).  Although students using an iPad daily showed the greatest increase with 

an average of 12.2%, students who claimed to only use iPads monthly also demonstrated 

strong gains, with an average improvement of 11.1%. Figure 5.4 and Table 5.8 give the 

details of this study.  
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Figure 5.4: Change in Chemistry Knowledge by iPad Use 

 
 

Table 5.8: Comparison of Test Scores Between iPad Use Levels 
 

 N Mean Std. Deviation Std. Error 

Never 60 8.23883 18.006497 2.324629 

Monthly 17 11.06471 20.988809 5.090534 

Weekly 33 5.77242 15.442592 2.688210 

Daily 113 12.24558 19.099806 1.796759 

Total 223 10.11960 18.506040 1.239256 
 

ANOVA 

Difference in Score 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1361.788 3 453.929 1.331 .265 

Within Groups 74667.331 219 340.947   
Total 76029.119 222    

 
 Finally, regression was used to analyze any relationship between feelings about 

chemistry, math, school, or learning and change in test score and overall test score. It was 

found that a student’s feelings about these academic areas have little or no effect on their 
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test score, or on how much they improve their score. Figure 5.5 and Figure 5.6 

demonstrate this lack of correlation between perceptions and test score.  

Figure 5.5: Relationship Between Pre-Test Score and Perception 

 

Figure 5.6: Relationship Between Change in Score and Perception 
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Chapter 6: Implications and Recommendations 
 
 
 

  6.1 Question 1: Improvement of Undergraduate Knowledge and Perception 

 The undergraduates involved in the immersive learning project showed 

statistically significant gains in chemistry conceptual knowledge in three categories: 

phase change, volume, and solution chemistry. There was no change in conceptual 

understanding of matter conservation, reaction chemistry, or the particulate nature of 

matter. Referring back to apprenticeship theory, these results are completely expected. 

The undergraduate team learned the required material to perform the objective; they had 

to learn the conceptual background of the four standards that were the foundation of the 

application (Table 4.1).  

 At first glance, it may be surprising that there was no increase in mass 

conservation, but there was in solution chemistry, but by examining the questions in each 

category it becomes apparent why that might be the case. Although the application did 

cover mass conservation, it did so in terms of phase change; however, the inventory 

focused on matter conservation in terms of reaction chemistry. Solution chemistry did 

show an increase, even though no standard directly relates to solutions. However, the 

three solution chemistry concept questions are about mass and matter conservation after 

the addition or removal of water. When assembling and creating the material for Standard 
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5.1.3, the explanation for mass conservation but not volume conservation, solutions were 

used as the focal point.  

 No significant change in perception of chemistry, math, academics, nor problem 

solving occurred due to the immersive learning project. Although each of the positive 

feeling categories increased, there is simply not enough evidence to demonstrate that the 

experience had any effect on perception.  

6.2 Question 2: Correlation in Undergraduate Knowledge and Perception 

Using regression analysis it was determined that there is not a statistically 

significant relationship between change in test score and starting perception of chemistry, 

math, academics, nor problem solving. However, there is a statistically positive 

correlation in between overall pre- and post-score and a student’s feelings about 

chemistry. In other words, a student’s improvement in conceptual knowledge was not 

related to their perception of chemistry, but their starting score was.   

 The team also was divided by how many credit hours they received and their level 

of immersion. No relationship between credit hours and change in test score was 

observed. However, there does seem to be an association between change in test score 

and immersion. Although the ANOVA demonstrated that there is not a significant 

difference between unimmersed, partially immersed, and fully immersed, a t-test for 

equality of means showed a significant difference in test score change between fully 

immersed and unimmersed. On average, an unimmersed student score decreased by 

6.1%, a partially immersed increased by 2.6%, and a fully immersed student improved 

his/her score by 10.6%.  
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 Upon examination of the data, it is seen that the partially immersed category has 

an error of 10.2%, whereas both the unimmersed and fully immersed categories had 

deviations of 4% and 2%. This, along with the small sample size, explains the failed 

ANOVA test. Additionally, this suggests that the number of observed hours spent on the 

project is not the only, nor even the best way, to categorize a student’s immersion. 

Students work at different rates and may be spending hours outside of the observed hours 

working or thinking about the project. On the other hand, some students may spend many 

hours a week in the group, but may not be significantly contributing.  

6.3 Question 3: Knowledge Gains for Primary Students 

 The primary students demonstrated significant improvement in all five areas of 

chemistry knowledge with an average improvement of 9.5% between pre- and post-

testing. The most significant gain was in instrumentation, with an average increase of 

19.1%. Instrumentation questions tend to be fairly straightforward and low on Bloom’s 

taxonomy, which may be a reason for why students were able to drastically improve in 

this category. Measurement, on the other hand, had the smallest improvement. On 

average students increased only 3.6%. However, this is not surprising. Originally, the 

idea of how to measure using graduations was omitted from the application because it is a 

concept covered in the first and second grade math standards. It was only when it was 

observed that the average pre-test score was a 65.9% was it decided to develop a page to 

teach the use of graduated cylinders. No school site ever received this change in the 

application, but it is obvious going forward that this is a critical skill that needs to be 

reviewed.  
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 It also was observed that the Unit 1 specific standards: instrumentation; 

measurement; and mass, weight, and density had the greater improvement in test scoring. 

On average student’s scores in these areas improved by 11.2%. However, even on the 

topics not directly included as part of the intervention student’s scores increased by 5.5% 

in the ideas of matter conservation and mixed solutions.   

6.4 Question 4: Differences in Knowledge Gains within Groups for Primary Students 

 Many different groups were analyzed to see differences in knowledge gains. Two 

groupings were found to be statistically different: the school site and grade level. School 

5B had the greatest gains in scores, averaging a 19.4% increase; whereas, 5D only 

increased 3.0%. Fifth graders had the greatest improvement with an average increase of 

13.2%, compared to 5.6% and 4.4% for 4th and 6th graders, respectively. The other 

groupings did not show statistically relevant differences.  Gender, identification as having 

an IEP, school type, iPad use, and starting perceptions of academia were all found to have 

no relationship to change in test score.  

 Much of the difference in the school sites is actually explainable by grade level. 

When testing, except for 56A where one 5th grade class and one 6th grade class were 

visited, only a single grade level was used from each school. The difference in grade 

level is likely due to the application being optimized for the fifth grade, so it does follow 

that the greatest increase would be observed for that age group. Moreover, there is a 

difference between pre-test scores in the age groups. The average pre-test score for a 6th 

grader was 50.8% compared to a 38.8% for a 5th grader. There was also a difference in 

pre-test scores between schools. The concepts covered are requisite fifth grade standards, 

and therefore the application is more appropriate for review at the 6th grade level. The 
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lower change for fourth graders also is not completely surprising. Although the 

application was written at a third grade reading level, it was noted during testing that 

some of the fourth graders had a hard time understanding all the words and concepts in 

the application. Additionally, they tended to move through the application at a slower 

pace, oftentimes not quite finishing before testing.  

 The lack of difference in change in test score due to iPad use is of particular 

interest. This means that a student that has never used an iPad increased their score as 

much as a student that used an iPad daily. This suggests that the application is straight 

forward enough for any student to pick up the application and use it with very little 

instruction. This also implies that a teacher would not have to spend time instructing 

about the use of the application, but rather use it as an immediate activity in the 

classroom.  

6.5 Future Research 

 As part of the same project, Units 2 and 3 are currently being finalized for 

publication to the iTunes store and more applications for other grade levels are being 

created with the current focus being 6th, 7th, and 8th grade science standards. These will be 

built with the same theories in mind, and focus on teaching chemistry concepts with 

multiple media sources with a focus on standards-based teaching.  

 Although this study demonstrates that learning can take place in alternative 

learning environments, an immersive learning class and through the use of a tablet 

application, it does so in an isolated way. It is recommended in future years to run a study 

that compares these alternate teaching strategies with traditional teaching practices 

through comparison of a control group and treatment group.  
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 Additionally, once Units 2 and 3 are finished, longitudinal studies of primary 

education are possible. It would be possible for a researcher to enter the same classroom 

multiple times through the year and determine if conceptual understanding and 

perception change after long term use of the tablet application.  

6.6 Summary 

 Overall, the creation of the tablet application Chemistry Matters has proven 

fruitful for the undergraduate students involved in its development and for the primary 

students using the software. Both groups were able to obtain content knowledge through 

participation, as well as learn about the scientific community. This project suggests great 

promise to the idea of using tablet technology in the classroom as supplemental 

instruction and sets up many future research questions to be investigated.  
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Appendices 
 
 
 

Appendix A:  The Chemistry Concept Inventory 

This inventory consists of 22 multiple choice questions. Carefully consider each question and 
indicate the one best answer for each. Several of the questions are paired. In these cases, the first 
question asks about a chemical or physical effect. The second question then asks for the reason 
for the observed effect. 
 
1. Which of the following must be the same before and after a chemical reaction? 

a. The sum of the masses of all substances involved. 
b. The number of molecules of all substances involved. 
c. The number of atoms of each type involved. 
d. Both (a) and (c) must be the same. 
e. (e) Each of the answers (a), (b), and (c) must be the same. 

2. Assume a beaker of pure water has been boiling for 30 minutes. What is in the bubbles in the 
boiling water? 

a. Air. 
b. Oxygen gas and hydrogen gas. 
c. Oxygen. 
d. Water vapor. 
e. Heat. 

3. A glass of cold milk sometimes forms a coat of water on the outside of the glass (Often 
referred to as 'sweat'). How does most of the water get there? 

a. Water evaporates from the milk and condenses on the outside of the glass. 
b. The glass acts like a semi-permeable membrane and allows the water to pass, but not the 

milk. 
c. Water vapor condenses from the air. 
d. The coldness causes oxygen and hydrogen from the air combine on the glass forming 

water. 

4. What is the mass of the solution when 1 pound of salt is dissolved in 20 pounds of water? 

a. 19 Pounds. 
b. 20 Pounds. 
c. Between 20 and 21 pounds. 
d. 21 pounds. 
e. More than 21 pounds. 
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5. The diagram represents a mixture of S atoms and O2 molecules in a closed container. 

 

Which diagram shows the results after the mixture reacts as completely as possible according to 
the equation: 

2S + 3O2  2SO3 

 

6. The circle on the left shows a magnified view of a very small portion of liquid water in a 
closed container. 

 

What would the magnified view show after the water evaporates? 
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7. True or False? When a match burns, some matter is destroyed. 

a. True 
b. False 

8. What is the reason for your answer to question 7? 

a. This chemical reaction destroys matter. 
b. Matter is consumed by the flame. 
c. The mass of ash is less than the match it came from. 
d. The atoms are not destroyed, they are only rearranged. 
e. The match weighs less after burning. 

9. Heat is given off when hydrogen burns in air according to the equation 

2H2 + O2  2H2O 

Which of the following is responsible for the heat? 

a. Breaking hydrogen bonds gives off energy. 
b. Breaking oxygen bonds gives off energy. 
c. Forming hydrogen-oxygen bonds gives off energy. 
d. Both (a) and (b) are responsible. 
e. (a), (b), and (c) are responsible. 

10. Two ice cubes are floating in water: 

 

After the ice melts, will the water level be: 

a. higher? 
b. lower? 
c. the same? 
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11. What is the reason for your answer to question 10? 

a. The weight of water displaced is equal to the weight of the ice. 
b. Water is more dense in its solid form (ice). 
c. Water molecules displace more volume than ice molecules. 
d. The water from the ice melting changes the water level. 
e. When ice melts, its molecules expand. 

12. A 1.0-gram sample of solid iodine is placed in a tube and the tube is sealed after all of the air 
is removed. The tube and the solid iodine together weigh 27.0 grams. 

 

The tube is then heated until all of the iodine evaporates and the tube is filled with iodine gas. 
Will the weight after heating be: 

a. less than 26.0 grams. 
b. 26.0 grams. 
c. 27.0 grams. 
d. 28.0 grams. 
e. more than 28.0 grams. 

13. What is the reason for your answer to question 12? 

a. A gas weighs less than a solid. 
b. Mass is conserved. 
c. Iodine gas is less dense than solid iodine. 
d. Gasses rise. 
e. Iodine gas is lighter than air. 

14. What is the approximate number of carbon atoms it would take placed next to each other to 
make a line that would cross this dot:  

a. 4 
b. 200 
c. 30,000,000 
d. 6.02 x 1023 
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15. Figure 1 represents a 1.0 L solution of sugar dissolved in water. The dots in the 
magnification circle represent the sugar molecules. In order to simplify the diagram, the water 
molecules have not been shown. 

 
Figure 1 

Which response represents the view after 1.0 L of water was added (Figure 2). 

 
Figure 2 

16. 100 mL of water at 25°C and 100 mL of alcohol at 25°C are both heated at the same rate 
under identical conditions. After 3 minutes the temperature of the alcohol is 50°C. Two minutes 
later the temperature of the water is 50°C. Which liquid received more heat as it warmed to 
50°C? 

a. The water. 
b. The alcohol. 
c. Both received the same amount of heat. 
d. It is impossible to tell from the information given. 

17. What is the reason for your answer to question 16? 

a. Water has a higher boiling point then the alcohol. 
b. Water takes longer to change its temperature than the alcohol. 
c. Both increased their temperatures 25°C. 
d. Alcohol has a lower density and vapor pressure. 
e. Alcohol has a higher specific heat so it heats faster. 
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18. Iron combines with oxygen and water from the air to form rust. If an iron nail were allowed 
to rust completely, one should find that the rust weighs: 

a. less than the nail it came from. 
b. the same as the nail it came from. 
c. more than the nail it came from. 
d. It is impossible to predict. 

19. What is the reason for your answer to question 18? 

a. Rusting makes the nail lighter. 
b. Rust contains iron and oxygen. 
c. The nail flakes away. 
d. The iron from the nail is destroyed. 
e. The flaky rust weighs less than iron. 

20. Salt is added to water and the mixture is stirred until no more salt dissolves. The salt that 
does not dissolve is allowed to settle out. What happens to the concentration of salt in solution if 
water evaporates until the volume of the solution is half the original volume? (Assume 
temperature remains constant.) 

 

The concentration 

a. increases. 
b. decreases. 
c. stays the same. 

21. What is the reason for your answer to question 20? 

a. There is the same amount of salt in less water. 
b. More solid salt forms. 
c. Salt does not evaporate and is left in solution. 
d. There is less water. 
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22. Following is a list of properties of a sample of solid sulfur: 

i. Brittle, crystalline solid. 
ii. Melting point of 113oC. 

iii. Density of 2.1 g/cm3. 
iv. Combines with oxygen to form sulfur dioxide 

Which, if any, of these properties would be the same for one single atom of sulfur obtained from 
the sample? 

a. i and ii only. 
b. iii and iv only. 
c. iv only. 
d. All of these properties would be the same. 
e. None of these properties would be the same. 

 

Copyright © 2001 Division of Chemical Education, Inc., American Chemical Society. 
All rights reserved. 
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Appendix B:  Chemistry Self-Concept Inventory 
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Appendix C:  Application Worksheet 
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Appendix D:  Perception Test for Primary Students 
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Appendix E:  Pre/Post Test for Primary Students 
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