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Abstract 
 

The use of digital devices in high school classrooms has increased dramatically in recent 

decades, even before the COVID-19 pandemic wreaked its havoc on education. However, many 

teachers and students commonly express the opinion that paper is better for learning. A review 

of literature reveals a shocking dearth of research on the efficacy of digital devices in achieving 

measurable learning outcomes at the secondary level. General research reveals that devices can 

have negative cognitive impacts. In this study, students progressed through their first semester 

of high school physics, receiving instruction through the respected Modeling method, with some 

of them completing classwork on devices and others on paper. In addition to pre- and post-

assessment instruments commonly used in physics education research, students took surveys 

which probed their preferences with respect to technology in school. Results indicate that 

students who completed work on paper had significantly greater growth in physics content 

knowledge and critical thinking skills than their peers who completed work on devices, and that 

they prefer paper for note taking and for science and math homework, while they are less likely 

to express a strong preference regarding digital or paper format for labs or multiple choice tests. 
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Effects on student attitudes and learning outcomes when using pen-and-paper vs. 
a digital device for note taking, homework, and testing in a high school physics 
classroom 
 

RATIONALE 

In every generation, teachers and students navigate a changing world together. Twenty 

years ago, the American Institute of Physics conducted a survey of physics teachers, finding that 

the majority of teachers were frustrated by standardized testing which forced them to teach a 

“more-traditional, equation-based survey course,” relying heavily on textbooks, lab manuals, 

and numerical problems instead of an in-depth conceptual approach (Neuschatz & McFarling, 

2003). Students became skilled at reproducing technical information, but lacked the ability to 

apply that knowledge at a deeper conceptual level.  The same study revealed a shift in physics 

enrollment and pedagogy between 1987 and 2001; as more students enrolled in physics, the 

popularity of conceptual courses and conceptual teaching methods increased, such that 25% of 

teachers used Calculator-Based Labs, 18% used Modeling Instruction, and 25% used Interactive 

Physics by 2001 (Neuschatz & McFarling, 2003). A major force behind this movement away 

from the traditional lecture and pre-formed labs toward more open inquiry-based forms of 

instruction has been the Modeling Instruction method developed by David Hestenes and 

Malcolm Wells in the 1980s. Modeling Instruction is now one of the most well-documented and 

effective teaching methods among secondary science teachers in both the United States and 

internationally (Hestenes et al., 1995). 

  Today’s high school students are “digital learners;” they have grown up in a time of 

widely available digital access (Bennett, 2008). Those of us who are older have seen the gradual 

adoption and advances in the use of technology. There has been great concern in the field of 

education over how best to meet the needs of this digital generation, since a swift collective shift 

has made technology seemingly omnipresent in the lives of virtually all populations and 

demographic groups. This concern has impacted schools worldwide as technology investments 

have increased more than a hundredfold in the last twenty years. Much of this investment has 
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been made based on the assumption that a technology-based learning environment will provide 

students with opportunities to search for and analyze information, solve problems, 

communicate and collaborate, thus equipping students with necessary skills for the 21st century 

workforce (Lim et al., 2013). Physics teachers have shared this concern; in 1997 physics teachers 

reported that 50% of their students were poorly prepared for computer use in science class, but 

this improved to just 37% by 2001 (Neuschatz & McFarling, 2003). 

While schools across the nation are seeking to place a digital device in the hands of every 

student, employees of major tech companies like Google and Apple are choosing to send their 

children to tech-free schools (Richtel, 2011) and even limit their time on devices at home 

(Rhodes, 2020). Has this swift and widespread integration of technology into classrooms across 

the United States improved student learning? More specifically, has this shift made a 

measurable impact on students’ growth in physics content knowledge, scientific reasoning, and 

problem-solving skills, or on the contemporaneous note taking and homework correction 

practices which are critical for learning in the physics Modeling classroom? 

REVIEW OF LITERATURE AND THEORETICAL PERSPECTIVE 

Considering the increased presence of technology in the classroom, the question arises of 

whether or not this technology shift effectively benefits schools, teachers, and, most importantly, 

students. Although years worth of well-documented evidence endorses the shift to student-

centered, Modeling-type instruction in science (U.S. Dept. of Education, 2001), it remains 

difficult to judge the success of technology implementation. Although research outside the field 

of education points to the negative impacts of technology use on the brain, including decreased 

concentration and analytical thinking abilities (Bjorklund, 2016), and research within the field 

has found benefits to student engagement and comfort (Carstens et al., 2021; Francis, 2017), 

there have been few quantitative studies concerning the impact of technology integration on 

student learning since the adoption of one-to-one devices. Therefore, our research focused on 

the efficacy of the traditional pencil and paper versus the digital platform by comparing their 
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effects on long-term learning, homework, note taking, and overall test performance in a high 

school Modeling physics setting. 

Modeling Instruction came about as an answer to science teaching that had been 

reduced to passing out textbooks and assignments: students used to be drilled in simple 

concepts before practicing the same materials over again, with their final product being a good 

grade, but very little understanding (Hestenes, 2015). Modeling Instruction naturally shifts the 

focus away from measuring student success by the number of “correct answers,”  to having 

students who can engage in intelligent public discourse and debate about scientific and technical 

concerns. This places the emphasis on the construction and application of conceptual models 

based on physical phenomena, requiring deeper mastery. Modeling is a quiet revolution that 

encourages cooperation and open dialogue about complicated ideas, while at the same time 

correcting many weaknesses that are overlooked by the traditional lecture-demonstration 

method (Jackson et al., 2008).  

The Modeling method is based upon a well-defined pedagogical framework, with course 

content organized around scientific models that form the basis of student knowledge. Students 

are engaged in collaborative development and use of models that they use to describe, explain, 

predict, design, and control their physical phenomena. Modeling Instruction does not shy away 

from advancing technologies, but it uses technology as a tool to collect, to organize, and to 

analyze real data (Hestenes, 1987). Instead of a traditional instructional lecture-demonstration 

unit, Modeling Instruction is broken down into two primary learning cycles. In the first stage the 

model is developed from a physical phenomena presented to the class as a whole through 

paradigm lab activities which give the class a collective common experience from which to craft 

a working model, usually in the form of diagrams and equations derived from graphical data. In 

the second stage of the modeling cycle, deployment, students apply their model to new and 

different situations through worksheets and activities that allow them to refine and deepen their 

understanding before a culminating assessment (Jackson et al., 2008). Implementation of 
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technological devices such as iPads, laptops, and Chromebooks in place of pen-and-paper has 

potential to significantly impact note taking, homework, and testing practices, and therefore the 

long term student learning outcomes, in the high school modeling classroom. 

NOTE TAKING 

Notes have many purposes: note taking helps students concentrate on what they are 

listening to or reading, it helps students focus and better understand the main topics, it 

encourages active learning, and it creates study materials for later review (Witherby & Tauber, 

2019). In the Modeling context, note taking is a crucial component of active student engagement 

in the modeling process. Since students are required to articulate their plans and assumptions, 

explain their procedures and justify their conclusions with data, the modeling method relies on 

the students deeply understanding the concepts behind the scientific topics. Note taking is 

critical as students learn to present and defend their models as justification for their conclusions 

in every case (Halloun & Hestenes, 1987). 

  According to researchers, note taking serves two main learning functions: encoding and 

storage. Because note taking allows the cognitive encoding of content (Dynarski, 2017), which 

enhances the recall and retention of the material, the process of taking notes is vital to learning 

(Witherby & Tauber, 2019). Note taking also allows for the physical storage of content, which 

students can later use for review (Dynarski, 2017). Therefore the product of the note taking is 

important to learning, “because students can review their notes when studying for an 

exam…productive and subsequent review is important to learning” (Witherby & Tauber, 2019).   

Learning researchers have agreed that how notes are taken matters too. They classify 

note taking into two categories: generative and non-generative. Generative note taking involves 

summarizing, reframing, and paraphrasing material (Mueller & Oppenheimer, 2014). This 

process naturally ensures deeper and more solid encoding through the active process of taking 

notes (Umejima et al., 2021). Non-generative notetaking is merely verbatim transcription, a 

passive activity that involves shallow cognitive activity. Studies have shown that if the notes are 
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taken “indiscriminately or by mindlessly transcribing content,” then the cognitive benefit 

disappears. Thus, the most successful note takers are those who have learned to synthesize the 

material and to summarize what they are hearing and seeing (Mueller & Oppenheimer, 2014). 

With increased access to technology in classrooms educators have recently begun to ask: 

how does the new technology fare in helping students with their note taking? Numerous studies 

have compared the efficacy of handwriting to typing for note taking. When questions involving 

conceptual application are asked, students who take handwritten notes significantly outperform 

those who take notes on a laptop on conceptual questions, while the results for factual recall 

show no difference between the two notetaking groups (van der Meer & van der Weel, 2017). 

However, a similar study found that the handwritten group achieves better results than the 

computer group on factual recall questions as well, even though those who type their notes have 

recorded more sentences than those who take handwritten notes (Aragon-Mendizabal et al., 

2016).  

The development of apps on the iPad which allow for handwriting on a digital document 

mollified many teachers who were initially resistant to adopting devices because they had 

personally preferred handwriting over typing for learning. Yet the most recent research supports 

the efficacy of the pen over the stylus: one study showed that those who took handwritten notes 

with a pen were able to recall information faster and more accurately than those who had used a 

stylus (Umejima et al., 2021). Further evidence shows that drawing and writing by hand 

activates larger networks in the brain than typing on a keyboard (van der Meer & van der Weel, 

2017), and that the use of a pen with a paper notebook activates higher-order brain functions 

better than the use of a stylus with a digital device (Umejima et al., 2021).  

In order for note taking to shift from a more passive, non-generative mode to a more 

active, generative mode, students must be taught how to take notes. Unless technology is 

combined with effective pedagogical practices, then there is no evidence to support its 

promotion of higher order thinking skills (Gigliotti et al., 2013). When notes are provided 
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through digital copies of PowerPoint lecture summaries, for instance, many students now have 

access to detailed notes, but have skipped the critical learning process of physically taking notes, 

summarizing and encoding the information for themselves. This process is vital for active 

learning, as students learn to organize their thoughts and to make connections between the 

material and their developing models (Cohen et al., 2013). To optimize learning students should 

combine traditional handwritten notes with visualizations (van der Meer & van der Weel, 2017). 

In Modeling instruction, one of the most significant learning opportunities occurs as students 

take the time to analyze and consolidate the information learned, recording insights during post 

lab discussions and homework review (Halloun & Hestenes, 1987).            

Modeling pedagogy is built around a clear goal: the formulation, elaboration, evaluation, 

and application of well-defined models through scientific discourse exhibiting a mixture of 

qualitative and quantitative elements. While labs and activities are presented in a linear 

progression, the development of ideas is not necessarily linear, as it takes place over time. 

Research supports that a requisite part of this learning process is when students return to notes 

and organize them in a way that reflects the connections between ideas and concepts (Cohen et 

al., 2013). Although this can be done when using a digital medium for workflow in the 

classroom, the physicality of paper makes the process more meaningful and more memorable. 

One study reveals that because paper is tangible, it provides a fixed location for student 

concentration and attention, which leads to deeper cognitive processing. Since “we think and 

interact not only with our mind but also with our heads and limbs,” the tangibility of paper 

promotes “a whole body process of learning” (Enriquez-Gibson, 2015). Our review of the current 

note taking research suggests that if educators desire to foster deeper comprehension and 

learning, they should provide students with printed materials and require handwritten notes 

which students must organize in physical space.  
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HOMEWORK 

         Due to the COVID-19 pandemic and subsequent online and hybrid teaching and 

learning, many teachers made a complete shift to digital homework, and while research 

describes the benefits of online homework for teachers, i.e.: easier grading and faster 

turnaround time, there is little evidence of collective benefit to students (Magalhaes et al., 

2020). In disciplines where students are primarily writing, they have the advantage with a 

computer where they are able to type faster than handwrite, because narrative writing requires 

only lower order thinking skills, which are not hindered by technology (Aragon-Mendizabal et 

al., 2016). However, despite students’ increased exposure to digital formats over the past two 

decades, the digital format continues to be detrimental for student learning whenever reading, 

which requires deep focus for meaningful comprehension, is a significant requirement (Delgado 

et al., 2018). Other obstacles to learning associated with a more digital workflow in schools 

include increases in both multitasking, which causes shallower processing (Delgado et al., 2018), 

and in plagiarism, which teachers have observed at all grade levels (Dicken, 2010). 

Interestingly, studies show that neighboring students not on devices are distracted 

enough by the devices and multitasking of their peers that their comprehension suffers more 

than that of the students using the devices (Dynarski, 2017). These students are put at a 

disadvantage because of the choices of their peers (Sana et al., 2013). The practice of 

multitasking impairs both simple factual learning - the simple recall of information - as well as 

complex application learning -the deeper conceptual understanding (Sana et al., 2013). Teachers 

who have been employed in a school with one-to-one technology can attest to the endemic 

distraction which hinders attentiveness during classroom activities, including time spent 

reviewing homework. 

While completing homework in courses that require critical thinking and conceptual 

understanding, such as math and science, research shows that students are benefited by writing 

on paper. In contrast to a digital format, students can effortlessly employ multiple 
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representations (i.e.: force diagrams, graphs, motion maps) and show all of their problem-

solving steps when writing on paper, or whiteboards for that matter. Students have space to 

organize their thoughts and the information given before solving the problem. By writing this 

down on paper, students create a structured pathway to a solution (Young et al., 2021). Studies 

show that students who draw diagrams and include as much information as they can on their 

diagrams perform better than students who draw no diagrams or those who draw incomplete 

diagrams. This is partly because the process of constructing these representations allows 

students to shift their focus from merely manipulating an equation toward understanding the 

concepts at hand, thereby making it easier to formulate decisions about the problem-solving 

process (Maries & Singh, 2018). 

In modeling pedagogy, homework is more than simple recitation and busy work; it is an 

opportunity for students to apply and enhance their conceptual understanding in varied 

scenarios. The most essential higher order thinking component of the homework process in 

modeling is the group reflection afterwards, often done through whiteboarding. In a typical 

whiteboarding session, students prepare a whiteboard of an assigned problem with their small 

group to present to the class. Whiteboarding sessions teach students to recognize that 

conceptual understanding has less to do with the ability to find one correct answer, and more to 

do with the ability to explain and justify their approaches to problem solving (Jackson et al., 

(2008).  Whiteboarding becomes a type of Socratic seminar. Students develop stronger 

conceptual understanding and critical thinking skills as they become accustomed to supplying 

not just correct answers, but also explicit articulation of how they got those answers, and full 

justification of their approaches (Hesten & Wells, 1992).  

TESTING 

Tests are a needful practice in education; educators use assessments to gauge student 

mastery and to allow students to show what they have learned.  In physics, teachers often use 

multiple formats for testing: multiple choice, short answer, longer multi-step problems, group 
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projects, lab practicals, and oral exams, all contribute to the students’ grades and reflect their 

mastery of measurable content objectives (College Board, 2020). Sometimes more standardized 

assessments are employed, which do not impact on a students’ grade but provide insightful data 

for the teacher to guide future practice. Examples of such assessments include pre-tests and 

post-tests to measure net gain over a period of time, as in the Force Concept Inventory 

(Hestenes & Swackhamer, 1992). At other times tests are a culmination of a year’s worth of 

understanding, as in the Advanced Placement exams. There are also the ever-present state 

assessments, to gauge how well the teachers have presented the materials and hold schools 

accountable for high educational standards (Every Student Succeeds Act, 2015). 

It is necessary to acknowledge that the evidence for student performance during a digital 

test-taking format compared to a paper format is often conflicting. Some studies have shown 

only small, insignificant effects in favor of handwritten tests (Flanigan & Titsworth, 2020). Most 

of these studies have looked at factual recall and other lower order thinking skills. In one study 

of high school students, while technology usage in school did not show a significant relationship, 

either positive or negative, with general test scores, it did, however, have a negative relationship 

to their test scores in geometry (O’Dwyer et al., 2005). This is likely because geometry has less 

recall opportunities, and generally requires higher order thinking on more specialized and 

conceptual problems. In another study, a group of anatomy students at a medical school in 

Portugal received a lab practical in digital format. In the first round of testing, the handwritten 

paper test takers performed better, but during the second round, there was no statistical 

difference (Guimarães et al., 2018).  

Many standardized tests have shifted to an online device-driven format in recent years, 

with several recent studies aimed at measuring the effects of this transition. One study has 

shown that students who are administered exams online score systematically lower than those 

who take the same exam on paper. The digital exam takers scored lower on both their math and 

ELA exams, with a larger negative effect on those taking the ELA portion. This effect is 
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magnified for students at the bottom of the achievement distribution; thus students who 

struggle are at a disadvantage on digital exams. Students who took paper exams scored 

significantly higher. It was also noteworthy that more exposure to digital tests did not improve 

student performance; in the second year of digital testing, students again scored lower (Young et 

al., 2013). 

One explanation for this gap between digital and paper test performance, especially in 

math and science courses, is the importance of scratch work during multiple choice tests. 

Studies reveal that lack of scratch work on student papers is an indicator that students do not 

know how to solve the problem, and may be guessing. Students who are allowed to write on 

their multiple choice exams often do more scratch work and perform better on those exams. 

Using multiple representations such as diagrams, equations, and graphs help students solve 

physics problems by requiring students to both write and draw to solve problems (Young et al., 

2021). Another explanation for the poorer performance on digital tests may be that the use of 

devices, in general, is a source of distraction. The noted West Point study has shown that 

allowing some students to use computer devices provides a distraction even for students who are 

not using them (Carter et al., 2017). In addition, content on a device is not fixed in space or 

tangible in the same way that it is on paper, which impairs the ability to concentrate (Enriquez-

Gibson, 2015). 

While many teachers eagerly embrace integration of new digital devices, others 

passionately protest the encroachment of technology into the regular routine of their 

classrooms. Given the pressure to adopt more technological devices in high school classrooms, 

there is a surprising dearth of research on the impact of digital technology on student attitudes 

and learning outcomes at the secondary level. The vast majority of research on this issue, which 

has been conducted at the collegiate or post-collegiate level, generally reveals indifferent to 

negative learning impacts for students when using digital devices compared to traditional pen 

and paper; the few studies that showed a slight advantage for digital devices were designed to 
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measure only short-term impacts. In light of the potential risks to learning associated with 

digital distraction and shallower brain activation when using digital devices, and considering the 

conflicting results of research on this issue, we feel that it is imperative to investigate this 

question further. With time-tested physics education research instruments, evaluation of the 

efficacy of Modeling instruction in digital and paper-based classroom settings is uniquely poised 

to contribute valuable answers to these questions. As we proceeded through the first four major 

units of the Modeling curriculum, including scientific methods, constant velocity, uniform 

acceleration, and forces, we investigated whether the long-term effects of a traditional pen-and-

paper workflow differed from the more common technologically integrated practices at our 

schools, with a focus on student attitudes and performance in note taking, homework, and 

overall test performance in a high school physics setting. 

STUDY METHOD 

SUBJECTS 

Investigator 1.  

Sister Isaac Marie teaches at School A, a Catholic high school in Chicago, Illinois which 

draws students from the city, its suburbs, and northwest Indiana. School A has an enrollment of 

1464 students. The school population is: 64.1% White, 15.8% Hispanic/Latino, 8.7% African 

American, 6.6% Multi-racial, 3.8% Asian, 0.1% Native American, and 0.9% Other. 28% of 

students receive tuition assistance. 6% of students receive assistance from a program which 

allows $12 a day in the lunchroom. Sister worked with 71 freshmen honors physics students, 

using the treatment described below with two class periods (49 students) and keeping one (22 

students) as a control. 

Investigator 2.  

Julia Grimes teaches at School B, a public high school in Saratoga Springs, Utah, a 

growing town in Utah County. School B is also part of the Alpine School District. School B has 

an enrollment of 3,245 students. The school population is 83% White, 10% Hispanic, 4% two or 
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more races, 1% African American, 1% Native Hawaiian/Pacific Islander, 0.5% Asian, 0.3% 

American Indian/Alaskan Native. 21% of students are economically disadvantaged and on the 

free/reduced lunch program. Julia worked with approximately 80 junior students in a regular 

enrollment algebra-based physics class. 

Investigator 3.  

Lynn Jorgensen teaches at School C, a public high school in Gilbert, Arizona; a suburb of 

the Phoenix Metro area. School C has an enrollment of 2051 students. The school population is: 

59% White, 29% Hispanic, 4% Asian, 3% African American, 3% two or more races, 2% American 

Indian/Alaskan Native, and 1% Native Hawaiian/Pacific Islander. With 29% of students 

economically disadvantaged and on the free/reduced lunch program. Lynn worked with 90 AP 

Physics 1 students and 30 regular physics students.  

Control Group 1.  

Control Group 1 consisted of one of Sr. Isaac Marie’s class periods of 22 freshmen honors 

physics students, who received the same instruction, worksheets, interventions and assessments 

as her treatment students, but in a digital rather than a paper format. 

Control Group 2.  

Control Group 2 consisted of one of Lynn Jorgensen’s class periods of approximately 30 

junior AP Physics 1 students. They received the same interventions, instruction, worksheets, and 

assessments as the rest of Mrs. Jorgensen’s classes, but took all their multiple choice exams in 

digital format. 

Contrast Group 1.  

Contrast Group 1 consisted of fellow paper-based high school physics teachers in our 

PLC groups or whom we know through professional contacts, all of whom used a similar 

modeling-based pedagogy, curriculum, and unit assessments. This group of students received no 

additional strategies. 
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● Approximately 40 freshmen physics students at School A. These classes were taught by 

other teachers, who collaborated closely with all of the freshmen-level science teachers, 

including Sr. Isaac Marie. The classes received paper copies of the same worksheets and 

handouts Sr. Isaac Marie uses, according to the teacher’s usual practice. 

● Approximately 150 junior AP Physics 1 students.  These classes were taught by another 

teacher in School C’s district who collaborated closely with Lynn Jorgensen’s AP Physics 

1 classes. The classes were based on the modeling curriculum.  

Contrast Group 2.  

Contrast Group 2 consisted of various digital-based high school teachers in our PLC 

groups, or whom we have met through professional contacts, all of whom use a similar 

modeling-based pedagogy and curriculum. This group received no additional strategies. 

● Approximately 75 algebra-based physics students, from a private high school in Phoenix, 

Arizona. The teacher used the modeling physics curriculum and pedagogy but students 

completed homework and notes primarily in digital formats. 

● Approximately 110 freshmen physics students at School A, 70 at the regular level and 40 

honors. These classes were taught by teachers who collaborate closely with all of the 

freshmen-level science teachers, including Sr. Isaac Marie. These classes completed 

homework and notes primarily on an iPad. 

● Approximately 160 freshmen physics students at School B. These classes were taught by  

teachers who collaborated closely with Julia Grimes. The teacher used the modeling 

physics curriculum and pedagogy but students completed tests, labs, homework and 

notes primarily in digital formats. 

PROCEDURE FOR TREATMENT  

Pre-assessment of student content knowledge and attitudes toward technology.  

Quantitative data regarding students’ baseline physics knowledge was gathered using 

two pre-assessment instruments, which we called the Physics Concepts Pre-Assessment and the 
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Physics Reasoning Pre-Assessment. The Physics Concepts Pre-Assessment consisted of the 

simplified Force Concept Inventory (FCI) modified by the addition of six questions selected 

from the Mechanics Baseline Test (MBT). The FCI is a multiple choice instrument commonly 

used in physics education research, which is designed to measure the extent to which students 

rely on Newtonian reasoning or commonplace misconceptions when answering questions 

related to the concept of force (Hestenes & Swackhamer, 1992). A standard simplified version of 

the FCI was administered because the subjects included freshmen algebra-based physics 

students. The simplified language tests the same concepts at the same level of difficulty, but at a 

reading level appropriate for these students (Popp, 2009). Six problems, three dealing with 

constant velocity and three with uniform acceleration, were selected from the MBT and added to 

the end of the FCI for all students, to measure their problem solving skills (Hestenes, 1992). The 

Physics Reasoning Pre-Assessment, the second baseline assessment we administered to 

students, was Tony Lawson’s Classroom Test of Scientific Reasoning (CTSR), which probes the 

students’ scientific reasoning skills (Coletta et al., 2007). Both treatment and control/contrast 

groups completed these pre-assessments at the beginning of the semester, before receiving any 

physics instruction. 

Qualitative data regarding students’ previous experiences and attitudes toward the use of 

technology in the classroom was gathered through the use of a Google Forms survey. The survey 

included the topics of notes, homework, organization, and test-taking format. Contrast groups 

received an abbreviated version of the survey. Survey questions may be found in Appendix A.  

Permission.  

No student 18 or older was included in the study unless that student provided a signature 

giving their consent to participate in the study and to allow photos of their work to be included. 

No student under 18 years of age was included in the study unless the student provided their 

written consent to participate in the study and to have photos of their work taken and also 

provided the signature of their parent or legal guardian allowing the student to participate in the 
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study and for their work to be photographed. Both treatment and control/contrast groups 

provided documentation of permission and consent. 

Instruction. 

Contrast Groups. Students in the contrast groups proceeded through their first 

semester, using paper or digital devices according to the usual practice in their teacher’s 

classroom. Teachers answered a survey at the time of post-assessment detailing the use of 

technology and paper in their classrooms (see Appendix A for Teacher Survey Questions).  

Treatment Groups. Each investigator proceeded through the first four major units of 

the Modeling curriculum, including scientific methods, constant velocity, uniform acceleration, 

and forces, with the following modifications. Students in the treatment group were given printed 

copies of all worksheets and handouts, and were asked to take notes by hand with pen(cil) and 

paper. Electronic devices were ordinarily kept in students’ backpacks but could be used at 

appropriate moments (ie: to gather and analyze lab data, or if the lesson required access to an 

online simulation). 

Occasional interventions to promote good note taking and study habits. 

The investigators promoted metacognition on best practices for study, note taking, and 

test taking through occasional brief (approximately 10-minute) reflection questions and follow-

up discussions on the purpose of note taking, active and passive learning strategies, higher order 

thinking, the negative impact of digital distraction, the benefits of scratch work on test 

performance, etc. This happened either as bellwork (an introductory activity at the start of the 

class) or as an exit ticket, and this occurred approximately twice in the course of each unit. Each 

investigator was free to decide on the structure and timing of each intervention as she saw fit, 

but ensured that the common topics were addressed throughout the course of the semester. 

Topics covered are listed in Appendix B. 

Occasional field notes were taken to track student progress in note taking via homework 

annotations. The investigators monitored student practices in correcting their homework during 
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whiteboarding sessions and scored the homework for annotations to enable tracking of 

improvements or resistance to change by scales described in the field notes. Unit tests were 

likewise scored for students’ annotation practices. 

Traditional paper testing format. Each investigator provided a paper copy of each 

unit test to each student. Teachers could still ask students to answer multiple choice questions 

on a bubble sheet, but teachers reminded students that they could write on their test packet and 

use additional scratch paper, if desired. 

Brief end-of-unit surveys. Students in the treatment and control groups were asked 

how long they studied for the test and what strategies they used, through three additional 

questions at the end of the multiple choice section of the unit test. They were given the 

opportunity to provide further comments, if desired. These questions were added to the end of 

the multiple choice section of each unit test (Appendix A). 

Post-assessment of student content knowledge and attitudes toward technology.  

Both treatment and control/contrast groups were given the same modified FCI 

(including five questions from the MBT) and CTSR instruments which they had taken at the 

beginning of the semester as post-tests of their physics content knowledge, problem solving, and 

scientific reasoning skills. Students again completed a Google Forms survey, which this time 

solicited their attitudes and experiences with technology relating to homework, notes, and tests 

in physics compared to their other classes. The survey was similar in breadth for contrast and 

treatment groups, though treatment groups were asked additional questions. Teachers in the 

contrast groups were asked to complete a Google Forms survey regarding the general use of 

paper versus digital devices for notes, homework, and tests in their classes. 

All data from authorized participants, including FCI and CTSR pre- and post-test scores, 

survey responses, and scores on multiple choice sections of unit tests was de-identified and 

coded into spreadsheets for analysis. Photographs of student work were likewise coded. 
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DATA 

In this study, quantitative data was gathered using the simplified FCI, selected MBT 

questions, and CTSR as pre and post assessments. Qualitative data regarding student practices 

and attitudes toward technology, note taking, organization, and test format came from pre-

semester and post-semester surveys, homework assignments, and tests throughout the year.  

Statistical analysis of quantitative data was conducted to compare student growth in 

physics content knowledge (FCI), scientific reasoning (CTSR), and problem solving skills (MBT) 

using non-directional t-tests and analysis of variance (ANOVA) tests to compare the sample 

means. When comparing pre- and post-test data from the same students, dependent sample 

tests were used; when comparing data from different groups of students (i.e.: treatment and 

contrast), independent sample tests were used.  T-tests are used for comparison of two samples 

of ratio data (such as test scores), ANOVA for three or more samples. For those less familiar 

with such tests, it is helpful to know that if the computed value of the t-statistic (for the t-test) or 

the F-statistic (for the ANOVA) has an absolute value greater than its critical value at the 95% 

confidence interval, the null hypothesis stating that the means of the samples are equal can be 

rejected. Another type of statistical analysis, the r-statistic, was used in this study to measure the 

strength of a linear relationship, i.e. correlation, between  annotation scores and student unit 

test performance. All of these statistics also allow us to calculate a p-value, interpreted as the 

probability of obtaining the calculated value of the statistic if the means were the same; thus 

obtaining p-values below 0.05 allows one to conclude with at least 95% confidence that the 

samples have a statistically significant difference in means (Glenberg & Andrzejewski, 2008). 

Survey results were analyzed using the chi-square statistic. The principle behind these 

tests is similar to the t-test and ANOVA, relying on calculations to determine the probability of 

the null hypothesis. The  goodness-of-fit test allowed us to determine if the distribution of 

students’ preferences had shifted in a statistically way from pre- to post-semester, and the  
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analysis of contingency allowed us to determine if the distribution of student preferences in the 

treatment and contrast groups differed significantly. If the computed value of the -statistic is 

greater than or equal to the critical value at the 95% confidence interval with the appropriate 

degrees of freedom determined by the sample size, the null hypothesis is rejected. For our 

chosen 95% confidence interval, we were likewise looking for p-values below 0.05 (Glenberg & 

Andrzejewski, 2008).  

ANALYSIS 

OBJECTIVE RESULTS: PRE- AND POST-ASSESSMENTS 
 
Physics Content Knowledge: Interpreting the FCI Results 
 
 We were interested in the effect of treatment on students’ general physics knowledge as 

measured by the simplified Force Concept Inventory (FCI), a test which contains 30 total 

questions. Results of the pre- and post-test administrations are summarized in Table 1. 

Table 1.  
Descriptive Statistics of FCI Pre-test and Post-test Samples prepared in SPSS 
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For students in the treatment group, who did their classwork on paper, the mean of the 

simplified FCI pre-test scores was 8.1 (SD = 3.9) once the unpaired scores were removed, and 

the mean of the post-test scores was 14.6 (SD = 6.2). Based on a non-directional dependent 

samples t-test using � = 0.05, the difference between these means, 6.5, indicated a large and 

statistically significant growth in students’ physics understanding,  t(184) = 16.9, p < 0.001,  = 

1.25, standard error = 0.38.  

 

Figure 1a. Histograms for treatment (paper) FCI pre-tests. 
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Figure 1b. Histograms for treatment (paper) FCI post-tests. 

 The histograms help illustrate the t-test result. Initially, most scores fall on the low 

performance end, with a score of 5 showing the highest frequency. The post-test distribution 

shows a more normal distribution, with higher scores compared to the pre-test, and a score of 11 

being the most frequent. These two groups appear to have come from different populations of 

students, as the above t-test indicated. Therefore we conclude that our treatment students 

showed significant gains in their physics content knowledge as indicated by their simplified FCI 

scores. 

 In addition to illustrating growth in our treatment group, we wanted to contrast the 

gains of the students who did their classwork on paper with those who completed it digitally. 

Therefore, we first investigated whether the treatment (paper) samples and the control/contrast 

(digital) samples from the simplified FCI pre-test were from the same population initially. The 

means of the treatment group and the contrast group were 8.2 (SD = 3.9) and 6.5 (SD = 2.6), 

respectively. Based on a non-directional independent samples t-test with alpha = 0.05, we 
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rejected the null hypothesis that the population mean of the treatment group was equal to the 

population mean of the contrast group, t(441) = 5.01, standard error = 0.33, p < 0.001,  = 0.48. 

Thus, there was already a significant difference between our treatment and contrast populations 

on the FCI pre-test before we started any treatment.  

 

Figure 2. Histograms of FCI pre-tests for contrast (digital) students. 
 

 A comparison of Figure 2 to Figure 1a reveals that the mean of the paper group did 

indeed fall at a higher score than that of the digital group. There were a few higher scoring 

outliers in the paper group; just 0.3% of pre-test scores fell above 20 in the digital group, 

compared to 2.2% in the paper group. The histograms confirm the t-test results that these were 

different populations of students. This result was unexpected. The contrast students were drawn 

from corresponding grade levels in each of the investigators’ schools and districts, so we had 

expected them to begin in the same population.  

 Since the paper and digital groups did not come from the same pre-test population, we 

decided that the Hake gains test would be more appropriate than more traditional t-tests for 



Paper vs. Digital?    22 

 

analyzing the overall FCI pre-test and post-test results. Richard Hake, while at Indiana 

University, developed the statistical test which bears his name in order to allow comparison of 

gains when students receive the same questions on the pre-test and post-test, which fit with our 

research design. The Hake gain (g) is a ratio of the student’s actual gain to their potential gain 

on the testing instrument:  

                                                                                            (1) 

 Students who score lower on the post-test will thus have a negative Hake score, those with no 

growth will have a Hake score of zero, and those who score higher on the post-test will have a 

positive Hake score (Hake, 1998). The Hake score allows consistent analysis over diverse 

student populations whose initial knowledge base may vary widely on the pre-test averages. 

Hake presents that a rough measure of the effectiveness of a treatment’s ability to promote 

conceptual understanding can be obtained by taking the normalized average gain (Hake, 1998):  

                                                                                     (2) 

N indicates the sample size, P is an identifier (such as T for treatment), M is the mean, and SD is 

the standard deviation of Hake scores in the sample. An average sample Hake gain is considered 

“low” if it falls below 0.3, and “high” if it is greater than or equal to 0.7 (Hake, 1998). 

Analysis of our simplified FCI pre and post-test data using Equations 1 and 2 showed a 

medium average gain  for the paper treatment group, and a low 

average gain  for the contrast digital group. To analyze whether these 

results were statistically significant, we followed Hake’s formula to compare the difference in 

treatment and contrast sample gains to the treatment standard deviation (Hake, 1998): 

                                                                             (3) 

Applying this formula to our data showed the treatment (paper) group was 0.33 treatment 

standard deviations above the average Hake gain of the control group. Since this value was 
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greater than the standard deviation of either of the groups, we felt that we had a tentatively 

significant result, but decided to reinforce it with traditional t-tests.  

We rejected the null hypothesis that the population mean of Hake scores (g) for the 

paper treatment group (Mean = 0.30, SD = 0.27) was equal to the population mean of Hake 

scores for the digital contrast group (Mean = 0.21, SD = 0.24), because with a non-directional 

independent samples t-test with alpha = 0.05, t(443) = 3.61, estimated standard error = 0.02, p 

< 0.001,  = 0.35. Thus, we concluded that there was a significant difference between the Hake 

gains in our treatment and contrast populations on the FCI. Students who did their classwork on 

paper had statistically better Hake gains in their physics content knowledge as measured by the 

FCI than their peers who completed classwork on devices. 

 It is interesting to note that the effect size estimate from the t-test comparison,  = 0.35, 

is so close to the value of 0.33 from the standard deviations analysis from Hake’s formula, 

Equation 3. While the lack of true random assignment prohibits us from claiming causality, we 

observed that our paper-based treatment correlated to a moderate positive effect on FCI 

performance compared to a small positive effect on those in the digital classes.  

Scientific Reasoning Ability: Interpreting the CTSR Data 

 We were also interested in investigating whether students who complete classwork on 

paper vs. on digital devices showed different gains in scientific thinking as measured by the  

Classroom Test of Scientific Reasoning (CTSR).  

 
 
 
 
 
 
 
 
 
Table 2 
Descriptive Statistics of CTSR Pre-test and Post-test Results prepared in SPSS 
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 We first compared the pre and post CTSR test scores for our treatment group. This test 

contained 24 total questions. The mean CTSR pre-test score for the paper treatment group was 

13.6 (SD = 4.7), and the mean post-test score was 15.6 (SD = 4.6). Based on a non-directional 

paired samples t-test using alpha = 0.05, the difference between these means, 1.9, indicated a 

nearly moderate effect, with statistically significant growth in students’ scientific thinking, 

t(184) = 6.27, p < 0.001,  = 0.46, estimated standard error = 0.31.  

The above t-test confirms what is shown in Figure 3. There were four students who 

answered less than 5 questions correctly out of 25 on the pre-test, and just one student in that 

range on the post-test. 12 students in the treatment group scored at or above 21 out of 25 on the 

CTSR pre-test, while 29 scored in this range on the post-test. These students fall into different 

populations on the post test, allowing us to conclude that students in the treatment group 

showed significant gains in scientific thinking skills as indicated by their CTSR scores. 
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Figure 3a. Histogram of treatment (paper) CTSR pre-tests scores. 

 

Figure 3b. Histogram of treatment (paper) CTSR post-tests scores. 
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In addition to confirming growth in our treatment students, we were interested in 

comparing the gains in scientific thinking between students in the treatment group, who 

completed classwork on paper, to the gains of students in the contrast group, who completed 

their classwork on devices. We began this analysis by assessing whether students in the 

treatment and contrast groups were in the same population before treatment began. The paper 

treatment group earned a mean score of 13.6 (SD = 4.7), while the digital contrast group earned 

a mean of 13.8 (SD = 4.2) on the CTSR pre-test. Based on a non-directional independent 

samples t-test, we failed to reject the null hypothesis that these population means had a 

difference of zero, t(416) = -0.51, estimated standard error = 0.43, p=0.61,   = 0.05. Therefore 

we did not have statistical evidence that these samples came from a different population of 

scientific reasoning ability before treatment.  

This result allowed us to use t-tests to compare the students’ reasoning skills on the post-

test. The paper treatment group earned a mean score of 15.6 (SD = 4.6), while the digital 

contrast group earned a mean of 14.5 (SD = 4.8) on the CTSR post-test. Based on a non-

directional independent samples t-test, we rejected the null hypothesis that these population 

means are equal, t(416) = 2.24, estimated standard error = 0.47, p=0.03,   = 0.22. Therefore, 

the students in the paper treatment group and the digital contrast group were from the different 

populations with respect to scientific reasoning skills after the treatment, with those in the paper 

group having statistically better reasoning skills.  

This result can be further supported by applying dependent paired-samples t-tests. 

Histograms of post-test data for both groups are found in Figures 3b and 4b. The mean CTSR 

pre-test score for the digital contrast group was 13.9 (SD = 4.2), and the mean post-test score 

was 14.5 (SD = 4.8). At alpha = 0.05, the difference between these means, 0.6,  showed 

statistically significant growth in students’ scientific thinking for both the digital group, t(234) = 

2.99, p = 0.003,  = 0.20, standard error = 0.22, and the paper group, with a difference of 2.0 
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between the pre-test mean (13.6, SD=4.7) and post-test mean (15.6, SD=4.6), where 

t(184)=6.27, p<0.001, =0.46, standard error = 0.31. Interpreting effect size with Cohen’s d, we 

see that  students who completed classwork on paper (  = 0.46) showed a moderate growth in 

scientific reasoning skills, while students who completed classwork on digital devices had a 

small growth in reasoning (  = 0.20). 

 

Figure 4a. Histogram of contrast(digital) CTSR pre-test scores. 
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Figure 4b. Histogram of contrast(digital) CTSR post-test scores. 

Problem-Solving Skills: Interpreting the Select-MBT Data 

 To investigate whether the paper or digital classwork format impacted students’ growth 

in problem solving skills, we administered six questions selected from the Mechanics Baseline 

Test to probe problem solving skills incorporated into Modeling Instruction relevant to constant 

velocity (unit 2) and uniform acceleration (unit 3).  

On the MBT pre-test, we were unable to prove that the students in the paper treatment 

group came from a different population as the students in the digital contrast group initially. 

The pre-test means were 1.6 (SD = 1.0) and 1.5 (SD = 1.1) for the paper and digital samples, 

respectively (Table 3). We cannot reject the null hypothesis that the population means of the two 

groups are equal, according to a non-directional independent sample t-test at alpha = 0.05, 

t(443)= 1.05, estimated standard error = 0.10, p = 0.30,  = 0.10. Thus, we cannot conclude that 

the students had significantly different problem solving skills before treatment. 
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Table 3 
SPSS Descriptive Statistics of MBT Pre-test and Post-test Results 
 

 
 

 

Figure 5a. Histogram for treatment(paper) MBT pre-test scores. 
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Figure 5b. Histogram for contrast(digital) MBT pre-test scores. 
 

Based on non-directional paired-samples before and after t-tests at alpha=0.05, we 

conclude that the paper treatment group did not show significant growth in problem solving 

skills, while the digital contrast students did. For the paper group, the pre-test mean of 1.6 (SD = 

1.0) was not significantly different from the post-test mean of 1.8 (SD = 1.1) at alpha = 0.05, 

t(185)=1.46, p=0.15, =0.11, standard error = 0.11. In contrast, the digital contrast group 

showed significant growth; the pre-test mean of 1.5 (SD = 1.1) was significantly different from 

the post-test mean on 1.9 (SD= 1.2), t(259)=4.05, p <0.001, =0.25, standard error = 0.09. 

 Although we failed to reject the null hypothesis of no growth for the paper group, were 

the problem solving skills of the students in the paper and digital groups, who began with 

similar problem solving skills, statistically different from each other after the treatment? Using a 

non-directional independent samples t-test at alpha = 0.05, we failed to reject the null 

hypothesis that the MBT post-test means of the paper (M = 1.8, SD = 1.1) and digital groups (M 

= 1.9, SD = 1.2) had a difference of zero, t (441) = -0.78, standard error = 0.11, p=0.43, =0.08. 
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There is insufficient evidence to prove that the post-test samples are significantly different from 

each other in problem solving ability as measured by the selected MBT questions after 

treatment. In hindsight, we recognize that using just six questions as a measuring instrument 

for this portion was a weakness in the design of this study.  

SUBJECTIVE RESULTS: STUDENT SURVEY DATA 

 One objective of our study was to gather data about students’ perceptions and opinions 

relative to the use of technology in science classes, with a focus on four major areas: multiple 

choice tests, homework, labs, and notes. In each area, students were asked how they preferred to 

complete the task, with options of digital format, either, paper format, or neither. Figures 6-9 

contain bar chart summaries of the response frequencies.  

 

Figure 6. Survey Results of Student Multiple Choice Test Preferences 
 



Paper vs. Digital?    32 

 

 
Figure 7. Survey Results of Student Homework Format Preferences 
 

 
Figure 8. Survey Results of Student Lab Format Preferences 
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Figure 9. Survey Results of Student Note Taking Preferences 
 

Table 4 summarizes the frequencies of the results for both the paper and digital groups, 

with a chi-square goodness of fit test to investigate changes in opinion. 

Multiple Choice Preferences.  

Students were asked which format they prefer when taking a multiple choice test, and 

their pre- and post-semester responses are summarized in Figure 6. Contingency table analysis 

of these results, summarized in Table 5, does not support a difference in the relative frequency 

of pre-semester preferences between the paper and digital groups,( �2(2)=2.18, p=0.34), so we 

conclude that initial student preference is independent of the paper/digital grouping. Yet by the 

end of the semester there were significant differences between the groups ( �2(2)=12.6, 

p=0.002). Using a goodness-of-fit test (see Table 4) to compare the pre- and post-semester data 

for each group, with the pre-semester data serving as our expected frequencies, there were 

significant shifts in the preferences of both the paper ( �2(2)=25.8, p<0.001) and digital  

( �2(2)=29.7, p<0.001) student groups.  
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Table 4 
Comparison of pre- vs. post-semester survey results (goodness of fit) 
Goodness-of-Fit Analysis on Survey Data, alpha = 0.05, df=2 
H0 = Post-Semester frequencies are equal to pre-semester frequencies 
H1 = Post-Semester frequencies are different from pre-semester frequencies 
  Paper Digital 
 Preference fe (pre) fo (post) (fo-fe)2/fe fe (pre) fo (post) (fo-fe)2/fe 

Tests Paper 71 93 6.82 83 85 0.05 

 Either 133 89 14.56 205 127 29.68 

 Digital 58 42 4.41 89 88 0.01 

    25.79   29.74 

   p <0.001  p <0.001 
        

Paper 118 102 2.17 144 129 1.56 

Either 59 39 6.78 106 53 26.50 

Digital 80 81 0.01 127 117 0.79 

   8.96   28.85 

Math & 
Science 
Homework 

  p 0.011  p <0.001 
        

Paper 93 114 4.74 140 89 18.58 

Either 80 53 9.11 116 96 3.45 

Digital 82 50 12.49 116 113 0.08 

   26.34   22.10 

Labs 

  p <0.001  p <0.001 
        

Paper 141 126 1.60 220 153 20.40 

Either 46 43 0.20 77 62 2.92 

Digital 66 54 2.18 77 83 0.47 

   3.97   23.79 

Notes 

  p 0.137  p <0.001 

        
 

With these results in mind, we looked in more detail at the significant shifts in 

preference summarized in Figure 6. Our pre and post survey data for our paper group showed 

that over 11.0% of students who initially didn’t have a preference and 3.4% of students who 

preferred taking multiple choice tests in a digital format, switched their preference to paper by 

the end of the semester. Thus, in the post survey data 41.3% of students in the paper group said 

that they now preferred taking multiple choice tests on paper as opposed to only 27.0% of 

students who had that preference at the beginning of the year.   
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Table 5 
Comparison of paper vs. digital multiple choice preferences 
Multiple Choice Preferences 
Analysis of Contingency on Survey Data, alpha = 0.05, df = 2 
H0 = Paper and Digital Populations have identical relative frequency distributions 
H1 = Paper and Digital Populations do not have identical relative frequency distributions 

 Observed Frequencies Pre-Semester   Observed Frequencies Post-Semester 

 Paper Either Digital Total   Paper Either Digital Total 

Pre Paper 71 133 58 262  Post Paper 93 89 42 224 

Pre Digital 83 205 89 377  Post Digital 85 127 88 300 

Total 154 338 147 639  Total 178 216 130 524 

 
fo fe fo-fe (fo-fe)2 (fo-fe)2/fe  fo fe fo-fe (fo-fe)2 (fo-fe)2/fe 

71 63.14 7.86 61.74 0.98  93 76.09 16.91 285.89 3.76 

133 138.59 -5.59 31.20 0.23  89 92.34 -3.34 11.13 0.12 

58 60.27 -2.27 5.16 0.09  42 55.57 -13.57 184.21 3.31 

83 90.86 -7.86 61.74 0.68  85 101.91 -16.91 285.89 2.81 

205 199.41 5.59 31.20 0.16  127 123.66 3.34 11.13 0.09 

89 86.73 2.27 5.16 0.06  88 74.43 13.57 184.21 2.48 

    2.18      12.56 

   p 0.34     p 0.0019 

  

Our pre and post survey data for our digital group showed that students were more likely 

to have a preference at the end of the year as both the preference to take a test digitally and the 

preference to take a test on paper showed an increase. Overall, there were still more students in 

the digital group who preferred taking their tests in a digital format. While 29.1% had this 

preference at the end of the year compared to only 28.2% of students in the digital group who 

preferred taking their tests on paper, however, there was a larger increase in paper preference 

than there was in the digital preference. On the digital group’s post survey 5.7% more students 

said they now preferred to take tests digitally while 6.3% more students in the digital group said 

they now preferred to take tests on paper. Therefore, the digital group’s preference to take 

multiple choice tests on paper still grew more by the end of the year than the digital group’s 

preference to take tests digitally.  

No matter which group students were in, by the end of the year, both groups showed the 

largest growth in the preference to take multiple choice tests on paper. 
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Math & Science Homework Preferences.  

Students were likewise asked which format they prefer when completing math and 

science homework, and Figure 7 summarizes the responses.  

 The data (see Table 6) do not support a significant difference in the relative frequencies 

of the preferences of the paper and digital groups, either at the beginning of the semester  

( �2(2)=4.1, p=0.13) or the end (�2(2)=0.5, p=0.79), yet both groups did show a significant 

shift in opinion according to goodness of fit analysis of their pre- and post- preference 

frequencies, shown in Table 4. The paper group had significant shifts in opinion from the 

beginning to the end of the semester, �2(2)=9.0, p=0.011, as did the digital group, �2(2)=28.9, 

p<0.001. 

Table 6 
Comparison of paper vs. digital homework preferences in math & science 
Math & Science Homework Preferences 
Analysis of Contingency on Survey Data, alpha = 0.05, df = 2 
H0 = Paper and Digital Populations have identical relative frequency distributions 
H1 = Paper and Digital Populations do not have identical relative frequency distributions 

 
Observed Frequencies Pre-

Semester   
Observed Frequencies Post-

Semester 

 Paper Either Digital Total   Paper Either Digital Total 

Pre Paper 118 59 80 257  Post Paper 102 39 81 222 

Pre Digital 144 106 127 377  Post Digital 129 53 117 299 

Total 262 165 207 634  Total 231 92 198 521 
 

fo fe fo-fe (fo-fe)2 (fo-fe)2/fe  fo fe fo-fe (fo-fe)2 (fo-fe)2/fe 

118 106.21 11.79 139.12 1.31  102 98.43 3.57 12.75 0.13 

59 66.88 -7.88 62.17 0.93  39 39.20 -0.20 0.04 0.00 

80 83.91 -3.91 15.29 0.18  81 84.37 -3.37 11.35 0.13 

144 155.79 -11.79 139.12 0.89  129 132.57 -3.57 12.75 0.10 

106 98.12 7.88 62.17 0.63  53 52.80 0.20 0.04 0.00 

127 123.09 3.91 15.29 0.12  117 113.63 3.37 11.35 0.10 

    4.07      0.46 

   p 0.13     p 0.79 

 

Returning to Figure 7, our homework preference data showed that students in the paper 

group had a 5.4% growth by the end of the semester, indicating that they now liked digital 
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homework more. Additionally, students in the digital group showed an increase in preference in 

both the digital and paper homework categories. The digital group liked paper homework 5.0% 

more at the end of the year and the digital group liked digital homework 5.4% more at the end of 

the year. 

Overall, even though most students still said they preferred paper homework at the end 

of the year, there was greater growth in students who liked digital homework in both the paper 

and the digital group.  

Lab Preferences.  

Initial student preferences for lab format were evenly spread between paper, digital, and 

either, as can be seen in Figure 8, with no significant differences between the paper and digital 

groups, �2(2)=0.1, p=0.95, but by the end of the semester there were significantly different 

opinions between the paper and digital groups, �2(2)=22.8, p<0.001 (Table 7), and both groups 

had significantly changed their opinions relative to the beginning of the semester, paper  

�2(2)=26.3, p<0.001, digital  �2(2)=22.1, p<0.001 (Table 4). 

While these results could be confounded by students’ like or dislike of turning in labs 

overall, our pre and post data for lab reports (Figure 8) showed that if students were in a class 

where they had to turn their labs in digitally, at the end of the semester they liked turning labs in 

digitally more than they did at the beginning of the year. It also showed that they liked turning 

in their labs on paper less at the end of the semester than they did at the beginning of the 

semester. 

A similar shift, but in the opposite direction, was true for our paper group. Our pre and 

post data showed that if students were in a class where they had to turn their labs in on paper, at 

the end of the semester they liked turning labs in on paper more than they did at the beginning 

of the year. It also showed that they now liked turning in their labs in a digital format less at the 

end of the year than they did at the beginning of the year.  
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Table 7 
Comparison of paper vs. digital lab preferences 
Lab Preferences 
Analysis of Contingency on Survey Data, alpha = 0.05, df = 2 
H0 = Paper and Digital Populations have identical relative frequency distributions 
H1 = Paper and Digital Populations do not have identical relative frequency distributions 

 
Observed Frequencies Pre-

Semester   
Observed Frequencies Post-

Semester 

 Paper Either Digital Total   Paper Either Digital Total 

Pre Paper 93 80 82 255  Post Paper 114 53 50 217 

Pre Digital 140 116 116 372  Post Digital 96 89 113 298 

Total 233 196 198 627  Total 210 142 163 515 
 

fo fe fo-fe (fo-fe)2 (fo-fe)2/fe  fo fe fo-fe (fo-fe)2 (fo-fe)2/fe 

93 94.76 -1.76 3.10 0.03  114 88.49 25.51 650.99 7.36 

80 79.71 0.29 0.08 0.00  53 59.83 -6.83 46.69 0.78 

82 80.53 1.47 2.17 0.03  50 68.68 -18.68 349.00 5.08 

140 138.24 1.76 3.10 0.02  96 121.51 -25.51 650.99 5.36 

116 116.29 -0.29 0.08 0.00  89 82.17 6.83 46.69 0.57 

116 117.47 -1.47 2.17 0.02  113 94.32 18.68 349.00 3.70 

    0.10      22.84 

   p 0.95     p 0.00001 

 
Overall, this meant our results show that whichever format the class used tended to 

become the preferred format for most of the students in each class by the end of the semester. 

This trend was stronger in the paper group as 50.7% of student’s in the paper group reported 

liking paper lab submission at the end of the year and only 37.5% of student’s in the digital 

group reported liking digital lab submission at the end of the year, yet in both groups, the 

required format became the most highly preferred format.  

Note Taking Preferences.  

A majority of students in both the paper and digital groups prefer to take notes on paper 

(Figure 9). Once more, contingency analysis of the data reveal that the paper and digital groups 

began in the same population, (2)=2.7, p=0.26, and ended in the same population, (2)=1.4, 

p=0.42 (Table 8), and although the paper group did not change its preferences in a statistically 

significant way between the beginning and end of the semester, (2)=4.0, p=0.14, the digital 
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group did have a significant shift toward a digital preference, (2)=24.0, p<0.001, although 

paper remained the most preferred note taking format, as shown in the goodness of fit analysis 

summarized in Table 4.  

Table 8 
Comparison of Paper vs. Digital Note Taking Preferences 
 
Notes Preferences 
Analysis of Contingency on Survey Data, alpha = 0.05, df = 2 
H0 = Paper and Digital Populations have identical relative frequency distributions 
H1 = Paper and Digital Populations do not have identical relative frequency distributions 

 
Observed Frequencies Pre-

Semester   
Observed Frequencies Post-

Semester 

 Paper Either Digital Total   Paper Either Digital Total 

Pre Paper 141 46 66 253  Post Paper 126 43 54 223 

Pre Digital 220 77 77 374  Post Digital 153 62 83 298 

Total 361 123 143 627  Total 279 105 137 521 
 

fo fe fo-fe (fo-fe)2 (fo-fe)2/fe  fo fe fo-fe (fo-fe)2 (fo-fe)2/fe 

141 145.67 -4.67 21.78 0.15  126 119.42 6.58 43.32 0.36 

46 49.63 -3.63 13.19 0.27  43 44.94 -1.94 3.77 0.08 

66 57.70 8.30 68.86 1.19  54 58.64 -4.64 21.52 0.37 

220 215.33 4.67 21.78 0.10  153 159.58 -6.58 43.32 0.27 

77 73.37 3.63 13.19 0.18  62 60.06 1.94 3.77 0.06 

77 85.30 -8.30 68.86 0.81  83 78.36 4.64 21.52 0.27 

    2.70      1.42 

   p 0.26     p 0.49 

 

Further review of the results in Figure 9 show that for note taking, over half of the 

students, regardless of which class they were in, reported that they preferred to take notes on 

paper, on both the pre and post surveys. One interesting thing to note however, was that in the 

digital group, while 50.7% of students still said they liked taking notes on paper, there was a 

7.2% gain amongst digital students who now said they preferred taking notes digitally by the end 

of the year. This would suggest that there may be a correlation between homework format and 

note taking preferences, as 7.2% more students in classes where assignments were completed 

digitally, liked taking notes digitally by the end of the semester, whereas less students in the 

paper group preferred digital notes by the end of the semester. 
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Computers and Handwriting.  

We asked for some additional input from students who were in our treatment group. 

Computers in Class. Treatment students were asked about whether or not they felt 

like computers helped them learn while in class or while at home. The results of the pre and post 

survey results for students in our paper group can be found in Figures 10 and 11.  

One thing we could see as we looked at whether students felt like computers helped them 

learn in class or not, was that by the end of the year, students tended to disagree or somewhat 

disagree 10.9% more than they did at the beginning of the year that computers helped them 

learn in class. This question is interesting because even though these results only show pre and 

post survey data for the paper group, we still had 47.2% of students on the pre survey and 48.4% 

of students on the post test report that computers helped them learn more in class. The paper 

group would have spent less time on their computers than the digital group because 

assignments were typically all given in paper form but students still felt like computers help 

them learn more in class.  

 



Paper vs. Digital?    41 

 

 

Figure 10. Survey results on efficacy of computer use at school, pre- and post-semester 

Computers at Home. As we looked to see how students felt computers helped them 

learn at home, there was close to no change from pre to post survey scores, as can be seen in 

Figure 11. The same percentage of students who felt like computers helped them learn at home 

in the beginning of the year still felt like computers helped them learn at home at the end of the 

semester. The same was true for the percentage of students who didn’t feel like computers 

helped them learn at home.  
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Figure 11. Survey results on efficacy of computer use at home, pre- and post-semester 
 

Learning from writing. The last question we want to highlight from our pre and post 

survey was also a question that we only asked to our paper group. We wanted to see if students 

thought they were able to remember something better if they wrote it down in their notebook. 

The pre and post results for this question can be found in the pie charts in Figure 12.  
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Figure 12. Survey results on efficacy of handwriting, pre- and post-semester 
 

The pre to post data for this question shows a noticeable shift in students’ opinion about 

the link between writing something down in a notebook and their ability to remember it later. 

Before taking the class 80.2% of students said that writing something down in a notebook helps 

them remember something better. By the end of the class, that percentage increased to 88.9% of 

students saying that if they write something down they are better able to remember it later. The 

pre survey results were already so highly in favor of writing things down that to still have an 

8.7% increase at the end is a more consequential result than it may seem at first glance. If we 
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look at the gain, 43.9% of the students who didn’t agree that writing something down could help 

them before, did agree or at least somewhat agree that writing something down could help them 

remember better after taking the class.  

DOES THE TYPE OF DEVICE MATTER? 

 This is a more complex question that it appears. Figures 13 and 14 compare mean results 

by the type of technology used in the classroom, and we can observe that paper had the highest 

average gains on the FCI and CTSR, followed by the iPad on the FCI but by the Chromebook on 

the CTSR. We did not track all types of devices across all groups of students at each school. Nor 

did we track the type device used at school versus the one used at home. Some students had 

iPads for use at both school and home, some had Chromebooks for school and home use, while 

others had access to different devices at home and at school. Our survey data also consists of 

freshman and junior high school students, and regular level and honors/AP level students. Did 

the freshmen and the juniors feel differently in their initial surveys, rather, were they of the 

same population in their preferences? It is also very important to consider the broad 

socioeconomic range of all students, this will influence the access to devices and internet that 

they have at home. Until we look at the survey data school by school, the answer to “Does the 

device type matter” remains unclear. Regardless of device type, those who did select a 

preference for digital nearly all thought digital devices were easier, which does not always 

translate into deeper understanding.  



Paper vs. Digital?    45 

 

 

Figure 13. Summary of difference scores on quantitative assessments, by device 
 

 
Figure 14. Summary of average Hake gains on quantitative assessments, by device 

 
 
 

CONCLUSIONS 
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In an environment where virtually all students have access to devices, many teachers 

have mixed opinions regarding their integration in the classroom. Although research in the field 

of psychology shows that the use of digital devices can have negative cognitive impacts, little 

research has sought to measure long-term learning impacts, or solicit student opinions 

regarding this use of technology in schools, especially at the high school level. Our research 

attempted to fill this gap, soliciting student feedback on technology integration and seeking to 

prove whether there was a measurable difference in long-term student learning outcomes over 

the first semester of high school physics taught through Modeling instruction pedagogy.  

 We feel that our research has been successful. Students who use digital devices generally 

show growth, so use of one-to-one devices is not harmful, yet objective data from pre- and post-

assessments leads us to conclude that students who learned in Modeling classrooms where work 

was completed by hand on paper had significantly greater growth in physics content knowledge 

and scientific reasoning skills compared to their peers who learned in classrooms where work 

was completed on digital devices. The use of paper for daily workflow resulted in moderate 

growth when analyzing both Hake gains on the FCI and difference scores on the CTSR, while the 

use of iPads and Chromebooks resulted in small growth. Our investigation of growth in 

problem-solving skills was inconclusive; although the digital group showed statistically 

significant growth on our six selected MBT problems while the paper group did not, both groups 

were similar enough that they were not found to be in significantly different populations on the 

post-assessment. 

 We conclude from our subjective student survey data that physics students at our schools 

generally prefer the use of paper over devices in science classrooms. All students, independent of 

whether they ordinarily used paper or devices in their science classes, maintained a clear 

preference for paper format in both note taking and homework. Student multiple choice test 

format preferences shifted significantly, with the greatest change toward a preference for paper 
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whether they were in the paper or digital group. Their lab format preferences shifted 

significantly toward whichever format was used in their science class.  

IMPLICATIONS FOR INSTRUCTION 

 There is little doubt after the COVID-19 pandemic that technological devices in schools 

are here to stay. Teachers should be discerning in the manner and frequency with which they 

choose to utilize devices in the classroom. While the convenience of one-to-one technology has 

undeniable benefits when used on particular occasions for specific lessons or activities, 

especially with lab work in science, teachers should consider whether they are prioritizing their 

own convenience or their students’ learning when deciding whether to use devices or paper for 

everyday workflow. 

IMPLICATIONS FOR FURTHER RESEARCH 

 Although this research was successful in revealing that students who regularly completed 

classwork on paper over the course of their first semester physics class had significantly greater 

gains with respect to physics content mastery and scientific reasoning as measured by the FCI 

and the CTSR, respectively, it was unsuccessful in determining whether paper or devices made a 

significant long-term effect in student problem-solving skills. Future research, conducted over a 

longer period and making use of the complete MBT, could help reveal differences in problem-

solving skills. It would likewise be beneficial to conduct further studies contrasting the learning 

outcomes of student groups using devices or paper with the same teacher, as we believe this 

lends more credibility to the results by avoiding a variable that all too often confounds 

educational research.  

 While we obtained significant results proving the superiority of paper over devices for 

long-term student learning in a physics setting, it would be beneficial to expand the research 

into other subject areas, and into the field of special education. As teachers we have noted that 

many students with learning plans have accommodations to use devices, and further research 

could be done to investigate how often those students use that accommodation, and whether 
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their performance is statistically different from their peers who choose to use paper. Perhaps in 

subject areas such as history or English the use of paper compared to devices for daily workflow 

may not be as efficacious for long-term learning impacts compared to math or science. Further 

research with larger sample sizes comparing the relative effectiveness of iPads, laptops, and 

Chromebooks would have merit in helping schools make better decisions about which devices to 

use.  

DEVICE-SPECIFIC FIELD NOTES 

INVESTIGATOR 1 FIELD TRIAL REPORT (iPAD VS. PAPER) 

INTRODUCTION 
 
 My name is Sister Isaac Marie and I contributed data as Investigator 1 in the study. This 

was my 7th year of teaching chemistry and physics. I teach in Chicago, Illinois at a private co-

educational Catholic high school where within the past 6 years, 757 students were named Illinois 

State Scholars and 114 students were named National Merit Scholarship Program commended 

scholars. Tuition is approximately $20,000 per year. Admission to School A is competitive and 

depends on entrance exam scores. The school is proud of its technology; each student has an 

iPad and utilizes it throughout the day. I taught three sections of honors physics this year, and 

69 of my 71 students and their parents agreed to inclusion in the study. Four of my five 

colleagues on the freshmen science team contributed contrast data from their students. School A 

limited the scope and duration of our study, because physics is taught to all freshmen only 

during the first semester; chemistry begins in the second semester. With this timeline, we do not 

progress past a basic introduction to forces in Unit 4. 

PROCEDURE 

I contributed both treatment and control data to the study. I had students in one of my 

class periods utilize a digital workflow, completing all daily homework and unit tests digitally on 

the iPad. This served as the digital control group. In the other two classes, I gave students paper 

copies of all coursework and tests. Nothing else was different about how I taught these classes. 
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Both sets of students completed labwork in a blended format according to typical department 

practice, writing up the labs in a paper notebook,  but graphing the data on the iPad before 

sketching the graph and recording the equation in the notebook. Both the treatment and control 

groups received the same interventions encouraging the use of annotations on homework and 

tests. The digital group took tests in the classroom online on the Formative app, which allowed 

them to handwrite their free response questions. While I was able to cover all four of the units, 

the last unit (on forces) was rushed as the end of the semester approached. 

RESULTS 

Because of the use of the iPad and stylus at School A and the fact that physics is taught to 

9th graders, I was interested in looking more closely into the performance of the subset of 

School A students.  

Objective Results 

Force Concept Inventory.  

Although School A draws students from all over the city of Chicago and its suburbs, as 

well as northwestern Indiana, I expected that 9th graders taking physics for the first time in high 

school would have a similar baseline physics content knowledge as measured by the simplified 

FCI. Therefore, with a null hypothesis that the mean FCI pre-test scores would be equal at alpha 

= 0.05, I compared each group of School A students with an independent-sample single factor 

ANOVA test. To my surprise, the means (see Table 9) were significantly different, F (4, 204) = 

3.7, MSW = 7.3, p = 0.006.  

Because I desired to look specifically at the FCI pre-test data of my own students in the 

control (honors digital) and treatment (honors paper) groups, I decided to confirm whether 

these two groups started in the same population by following the ANOVA with a nondirectional 

protected t-test. The means were not significantly different, t(204)=1.6, sMSW=0.71, p=0.12. The 

other honors level group (contrast 3), which was taught by a colleague, had a mean which falls 

between my students’ treatment and control means, t(204) = 1.7, sMSW=0.59, p=0.09, so I 
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cannot disprove that all honors students began in the same population of physics content 

knowledge. 

Table 9 
ANOVA for School A FCI Pre-Tests 
 

FCI Pretests 
Groups Count Sum Average Variance 

Contrast 1(reg paper) 35 198 5.6571 3.4084 

Contrast 2(reg digital) 69 422 6.1159 6.5746 

Contrast 3(hon dig) 40 270 6.7500 10.7564 

Control (hon dig) 22 136 6.1818 11.2035 

Treatment (hon paper) 43 334 7.7674 6.4208 

ANOVA 
Source of Variation SS df MS F P-value 

Between Groups 108.8339 4 27.2085 3.7317 0.0059 

Within Groups 1487.4053 204 7.2912   
     F crit 

Total 1596.2392 208   2.4159 

  

Because consideration of the ANOVA results showed that the treatment honors paper 

group must be from a different population of initial physics content knowledge from the 

contrast regular paper group as measured on the FCI pre-test, I turned once more to Hake gains 

as the appropriate tool for comparing the growths of these populations on the FCI.  

I rejected the null hypothesis that the samples all had the same mean Hake gain, 

F(4,204) = 19.6, MSW=0.04, p<0.001, based the ANOVA at alpha = 0.05 run on the Hake gains 

for these samples (Table 10).  

Table 10 indicates the possibility that digital workflow may be better than the paper 

workflow for students’ growth in physics content knowledge, since at the regular level the digital 

group (contrast 2) had a slightly higher average Hake gain, <g>69c2 = 0.11 ± .25, over the regular 

paper group (contrast 1),  <g>35c1 = 0.096 ± .150, and the honors digital control and paper 

treatment groups showed the same trend, with  <g>22control = 0.41 ± .14 and  <g>43treatment = 0.35 

± .18, respectively. However, protected t-tests at alpha = 0.05 reveal that in both cases these 
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were insignificant differences in mean Hake gains: there was insufficient evidence to reject the 

null hypothesis that the honors treatment and honors control groups have the same mean, 

t(204)=1.21, sMSW=0.05, p=0.23, and there was an even smaller difference between contrast 

groups 1 and 2. 

Table 10 
ANOVA for School A FCI Hake Gains 
 

FCI Hake Gains 

Groups Count Sum Average Variance 

Contrast 1(reg paper) 35 3.3589 0.0960 0.0224 

Contrast 2(reg digital) 69 7.6357 0.1107 0.0639 

Contrast 3(hon dig) 40 13.0159 0.3254 0.0423 

Control (hon dig) 22 9.0894 0.4132 0.0217 

Treatment (hon paper) 43 14.9580 0.3479 0.0329 

ANOVA 

Source of Variation SS df MS F P-value 

Between Groups 3.3108 4 0.8277 19.6429 0 

Within Groups 8.5960 204 0.0421   

     F crit 

Total 11.9068 208   2.4159 

 

 Instead of the distinction lying along the divide between digital and paper groups, the 

significant difference in means fell rather along the honors and regular boundary (comparing 

the mean Hake gains of the treatment group to contrast group 2, t(204)=5.945, sMSW=0.0399, 

p<0.001). Further research which avoids the honors vs. regular level confound would be needed 

to draw a strong conclusion about whether the use of paper or digital classwork via the iPad and 

stylus impacts student growth on the FCI. 

Classroom Test of Scientific Reasoning.  
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I began my analysis of School A students’ scientific reasoning with a comparison of CTSR 

pre-test scores, using an independent-sample single-factor ANOVA with alpha = 0.05, as 

summarized in Table 11. Although I had expected all freshmen to come from the same 

population of scientific reasoning ability before treatment, I had to reject the null hypothesis 

that the means were all the same, F(4,194)=5.8, MSW=16.50, p<0.001. Therefore, once more I 

turned to Hake gains to enable analysis of these populations. 

Table 11 
ANOVA for School A CTSR Pretests 
CTSR Pretests 

Groups Count Sum Average Variance 

Contrast 1 (reg. paper) 39 488 12.5128 22.3617 

Contrast 2 (reg. digital) 53 616 11.6226 14.4318 

Contrast 3 (hon. digital) 40 591 14.775 14.5378 

Control (hon. digital) 20 315 15.75 8.5132 

Treatment (hon. paper) 47 620 13.1915 18.9407 

ANOVA  

Source of Variation SS df MS F P-value 

Between Groups 379.51052 4 94.8776 5.7516 0.000214 

Within Groups 3200.1980 194 16.4958   
     F crit 

Total 3579.7085 198   2.4182 

 
 I rejected the null hypothesis that the mean average Hake gains were the same for all of 

the samples at School A, based on an ANOVA with alpha = 0.05, F(4,194)=5.6, MSW=0.14, 

p<0.001 (see Table 12). I no longer saw an obvious honors vs. regular divide in these results. 

The control group of honors student whom I taught with a digital workflow, and who received 

the same instruction and the same interventions encouraging good annotations on their 

homework and tests as my paper treatment students, ended in the same population statistically 

as the regular contrast students, as a protected t-test comparing the control group with contrast 

group 2 at alpha = 0.05 reveals, t(194) = -0.5, sMSW=0.10, p=0.65. They are clearly in a different 

population than the other honors students who used digital devices (contrast group 3), who 

were taught by my colleague, t(194)= -18.1, sMSW=0.01, p<0.001.  
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These results are telling when we compare the honors control group to the honors 

treatment group. The greatest difference in CTSR Hake gains between any two samples from 

School A were between the treatment and control students. With the confounds of a different 

teacher and a different class level (i.e., regular vs. honors) removed, I observed a significant  

Table 12 
ANOVA on School A CTSR Hake Gains 

CTSR Hake Gains 

Groups Count Sum Average Variance 

Contrast 1 (reg. paper) 39 -1.5360 -0.0394 0.1342 

Contrast 2 (reg. digital) 53 -1.5454 -0.0292 0.1341 

Contrast 3 (hon. digital) 40 4.5308 0.1133 0.1191 

Control (hon. digital) 20 -1.4612 -0.0731 0.1403 

Treatment (hon. paper) 47 12.0256 0.2559 0.1577 

ANOVA 

Source of Variation SS df MS F P-value 

Between Groups 3.0772 4 0.7693 5.6026 0.0003 

Within Groups 26.6379 194 0.1373   

     F crit 

Total 29.7150 198   2.4182 

 
difference between the Hake gains in scientific reasoning skills as measured by the CTSR 

between my own honors students in the control and treatment groups, t(194)=-3.3, sMSW=0.10, 

p=0.001. These results were surprising because they come from just my own students, who 

began with statistically equivalent scientific reasoning skills and received the same instruction, 

the only difference being the medium of daily workflow. My students who did classwork with the 

iPad and stylus had negative Hake gains in scientific reasoning, significantly lower than the 

positive gains for my students who did classwork on paper. 

Mechanics Baseline Test.  

Analysis showed that all School A freshmen began in the same population of problem 

solving skills, as measured by the six selected MBT problems administered at the beginning of 

the semester, F(4,189)=0.9, MSW=0.91, p=0.45 (Table 13). Notably, I did not observe a 
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significant difference between the honors and regular level students in this area before 

treatment.  

The difference of the MBT scores from the beginning and end of the semester reveal that 

there were not statistically significant differences in the growth of problem solving skills 

between the samples, F(4,189)=2.4, MSW=1.88, p=0.052, according to an ANOVA at alpha = 

0.05. This is further supported by analysis of average Hake gains, F(4, 189)=2.25, MSW=0.14, 

p=0.066 (Table 14). Thus, we do not have sufficient evidence to make a claim either for or 

against any correlation between paper vs digital workflow, or between the honors and regular 

class levels, and gains in scientific reasoning.  

Table 13 
ANOVA on School A selected-MBT Pretest 

Selected MBT Pretest 

Groups Count Sum Average Variance 

Contrast 1 (reg. paper) 31 46 1.4839 0.9247 

Contrast 2 (reg. digital) 60 91 1.5167 0.8980 

Contrast 3 (hon. digital) 38 70 1.8421 1.0555 

Control (hon. digital) 22 37 1.6818 1.2749 

Treatment (hon. paper) 43 66 1.5349 0.5880 

ANOVA (�=0.05) 

Source of Variation SS df MS F P-value 

Between Groups 3.3909 4 0.8477 0.9356 0.4445 

Within Groups 171.2483 189 0.9061   

     F crit 

Total 174.6392 193   2.4194 

  
Table 14 
ANOVAs of School A selected-MBT Difference & Average Hake Gain Scores 

MBT Difference Scores MBT Hake Gains 

Groups Count Sum Average Variance Groups Count Sum Average Variance 

Contrast 1 (reg. paper) 31 2 0.0645 2.1290 Contrast 1 (reg. paper) 31 -1.4000 -0.0452 0.1530 

Contrast 2 (reg. digital) 60 5 0.0833 1.7726 Contrast 2 (reg. digital) 60 -2.1833 -0.0364 0.1238 
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Contrast 3 (hon. digital) 38 25 0.6579 2.1230 Contrast 3 (hon. digital) 38 3.5000 0.0921 0.2303 

Control (hon. digital) 22 13 0.5909 1.8723 Control (hon. digital) 22 1.8167 0.0826 0.1079 

Treatment (hon. paper) 43 32 0.7442 1.6235 Treatment (hon. paper) 43 6.4000 0.1488 0.0746 

ANOVAs (�=0.05) 

Source of 
Variation SS df MS F P-value 

Source of 
Variation SS df MS F P-value 

Between 
Groups 17.9270 4 4.4817 2.3893 0.0524 

Between 
Groups 1.2266 4 0.3067 2.2449 0.0658 

Within 
Groups 354.5112 189 1.8757   

Within 
Groups 25.8179 189 0.1366   

     F crit      F crit 

Total 372.4381 193   2.4194 Total 27.0446 193   2.4194 

 
 A contributing reason for why MBT our data was insignificant is that we used just six 

selected questions from this exam. Although the differences are not large enough to have 

significance, we did observe that the paper treatment group had greater gains than the digital 

control group, a similar trend to what was observed with the CTSR. If we had a larger sample 

size or utilized a longer testing instrument, perhaps these results would have become 

statistically significant.  

 
 
Figure 15. Item analysis of School A performance on selected MBT problems. 
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 There was growth, albeit insignificant, on most of the questions when I looked at the 

item analysis in Figure 15. The questions dealt with constant velocity (unit 2) and uniform 

acceleration (unit 3). I am not surprised that students did so poorly on question 5, which 

required students to identify the direction of acceleration on a uniform circular track, since that 

topic was cut from the curriculum for freshmen at School A. I likewise expected that students 

would do better with question 4 than question 6, which deal with the direction of acceleration 

while moving down a ramp and while in free fall, respectively. Only honors freshmen study free 

fall, and it is covered as a brief additional topic at the end of unit 3. Questions 23, 24, and 25 ask 

students to determine a value for average acceleration, distance traveled, and average speed over 

an interval given a quantitative velocity-time graph. One of the reasons School A students had 

such a low success rate on this question could be that the time interval included two different 

constant velocities, which is a more complex question than students were assessed on during 

ordinary instruction. It is notable that the largest improvement in performance occurs in one of 

these complex problems, number 24, with the paper group. 

Annotations.  

The first and last homework assignments for the first four units of physics were scored 

for how well students added notes to their work during class discussions. Students likewise 

received an annotation score for the marks they made on the multiple choice portion of each test 

at the end of the first four units, as summarized in Table 16. using a coding system summarized 

in Table 15.  

Table 15 
Summary of Homework Annotation Scoring System at School A 
 

Homework Annotations Test Annotations 

Score Category Description Score Category Description 

0 No Effort at 
Annotation 

No evidence of correction; no 
notes for future reference 

0 Not Present No scratchwork whatsoever 
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1 Annotations 
Below 
Expectation 

Some evidence correction on 
some problems, no notes for 
future reference 

1 Annotations 
Below 
Expectation 

Occasional striking out or circling 
of answer choices 

2 Annotations 
Meet 
Expectation  

Evidence of correction on all 
problems; occasional brief 
notes for future reference 

2 Annotations 
Meet 
Expectation 

Occasional striking out or circling 
of answer choices, notes to self, 
occasional justification with 
words and/or symbols 

3 Annotations 
Exceed 
Expectation 

Evidence of correction on all 
problems; detailed notes for 
future reference with 
sophisticated interpretation 
of correct answers for most 
mistakes 

3 Annotations 
Exceed 
Expectation 

Frequent striking out or circling 
of answer choices, notes to self 
and frequent justification with 
words or fully worked equations 

  
 Examples serve to illustrate the application of these scoring systems. The work from the 

uniform acceleration unit found in Figure 16 received an annotation score of 0. In this section of 

the worksheet, students received a velocity-time graph and were asked to sketch the 

corresponding position-time and acceleration-time graphs. The position-time graphs for all 

three problems were incorrect, but the student did not make any corrections that could be useful 

for future study during the discussion. The work that received a score of 1 (Figure 17) showed 

needed corrections in blue ink on problem 11, but not on problem 12. 

  

Figure 16. Sample student work, annotation 
score 0 (no corrections) 

Figure 17. Sample student work, annotation 
score 1 (one correction on #11 p-t graph) 
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Figure 18. Sample student work, annotation 
score 2 (corrections/checks on all problems) 

Figure 19. Sample student work, annotation 
score 3 (corrections/checks on all problems, 
added notes for future study) 

The next samples showed evidence of correction on all problems, even when the student 

had the correct answer, but in contrast to the work that received a score of 3 and had several 

annotations of similar quality to the one illustrated in Figure 19, the student work that earned an 

annotation score of 2 (Figure 18) contained just one comment on the entire worksheet, and it 

was not of such depth that it could quickly summarize the concepts missed to guide future study.  

      

Figure 20. School A average homework annotations, by unit 



Paper vs. Digital?    59 

 

 

Figure 21. School A test annotation scores, by unit 

The mean scores for homework annotations are found in Figure 20. Although I had 

expected that those who did their work on paper would make more notes on their homework, in 

three out of the four units the opposite was true. It seems that, when students have a stylus, they 

are almost equally likely to annotate their homework as their peers who use pen and paper. 

Qualitative analysis of the test annotation data in Figure 21 reveals that, for three out of 

the four unit tests, those who took the test on paper made more annotations than those who 

took it on an iPad, which is what I expected. I am pleased to see that the amount of test 

annotations increased after our class discussions about their importance. 

Table 16 
SPSS Spearman Rank Order Analysis for School A Homework and Test Data 
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The results of a Spearman rank order analysis at alpha = 0.05 failed to establish a clear 

relationship between the level of annotation on homework and tests and test score using all of 

the data compiled from both the control and treatment groups. It is true that students who make 

more annotations on their homework assignments made more annotations on their tests 

(rs=0.42, p<0.001), but the positive correlations between homework annotation and test score 

(rs=0.13, p=0.28) and between test annotation and test score (rs=0.13, p=0.29) are not 

statistically significant. These results hold true when contrasting the control and treatment 

groups; there was insufficient evidence to prove that the treatment students (who did homework 

and took tests on paper) wrote more notes on homework (rs=0.07, p=0.75) or unit tests 

(rs=0.02, p=0.91) than their peers in the control group (who completed homework and tests on 

an iPad). These results may have been confounded by the general population of honors students 

at School A, who have had a proven record of motivation, excellent study habits, and good test-

taking abilities before they even begin their freshman year. Closer inspection of the performance 

of School A honors freshmen students in the contrast, control, and treatment groups shows that 

they never performed with a statistically different average on any assessment throughout the 
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semester, including the final exam, since in all comparisons using an independent-sample 

ANOVA at alpha = 0.05, F < Fcrit = 3.1 and p > 0.05 (Table 17).  

Table 17 
Summary Table of Independent-sample one-factor ANOVAs (alpha = 0.05) for School A 
Honors Unit Tests 
 

  

Contrast 
(hon 
digital) 

Control 
(hon 
digital) 

Treatment 
(hon 
paper)   

Contrast 
(hon 
digital) 

Control 
(hon 
digital) 

Treatment 
(hon 
paper) 

Avg  z Score 0.198 -0.266 -0.070 Avg z Score -0.154 0.186 0.064 

Variance 0.969 1.022 0.986 Variance 1.630 0.470 0.626 

n 47 22 49 n 47 22 49 

MSB (2df) 1.820 F 1.846 MSB (2df) 1.042 F 1.043 

Unit 
1 MSW (115 df) 0.986 p 0.163 

Unit 
2 MSW (115 df) 0.999 p 0.356 

          

Avg z Score 0.051 -0.401 0.131 Avg  z Score -1.157 -0.551 -0.765 

Variance 1.045 1.062 0.877 Variance 2.059 1.321 1.303 

n 47 22 49 n 46 22 48 

MSB (2df) 2.256 F 2.307 MSB (2df) 3.278 F 2.039 
Unit 
3 MSW (115 df) 0.978 p 0.104 

Final 
Exam MSW (113 df) 1.607 p 0.135 

 

Another consideration as to why our annotation results were insignificant is that this 

study was underpowered in this aspect of the investigation. Utilizing the method of power and 

sample size analysis described in Chapter 21 of Learning from Data (Glenberg, Andrzejewski, 

2008), with just 69 students and a proposed value of the population Spearman rank-order 

coefficient similar to the values we observed at �sp =0.1, we see that delta �=0.8, and therefore 

power is just 0.13 for a nondirectional test at alpha = 0.05. This means we only had a 13% 

chance of being able to reject the null hypothesis if it should have been rejected. We considered 

compiling data from the treatment groups in all schools to increase power, but in addition to the 

confounds of differing unit test instruments and grade levels among the schools and teachers, 

between the three investigators only about 200 students total received the interventions 
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regarding notetaking and study habits. If the small effect size we observed with rs=0.1 were to 

become significant to 95% power, we would have needed data from 1297 students. 

Subjective Results. 

Survey Responses in a One-to-One iPad Context. 

Multiple Choice. Qualitative analysis of Figure 22 reveals that School A student 

preferences mimic the overall trend in multiple choice test preferences seen in Figure 6. 

 

Figure 22. Survey results of School A students’ multiple choice format preferences 

Students provided justification for their multiple choice preferences in the survey. Ease 

of reading, review, and annotation were frequent justifications for students’ preference for 

taking a test on paper instead of online. Several students were stressed about “accidentally” 

selecting the wrong answer choice on a digital test. The following quote is representative of the 

reasoning for those who prefer paper: 
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When I take multiple-choice tests on paper, I feel that it is easier to interact with the 

questions at hand. Even if I have scrap paper on a digital multiple-choice test, looking 

away from the question in order to write notes on paper can distract me from the 

question I am trying to answer. In addition, I enjoy being able to underline the most 

important aspects of questions being asked, and I cannot do this when I am taking a 

digital multiple-choice test. I like paper tests more because it makes me think over my 

answers and review them thoroughly before turning in, as opposed to just clicking a 

button online to turn them in.  

Representative of those students who are equally comfortable with digital or paper multiple 

choice test formats is the following quote: 

Usually for multiple choice tests on paper, we use scantrons, which I don’t find to be 

different from online multiple choice tests because you can’t write on them. I think that 

it is easier personally on technology but then everyone has a slight temptation to cheat. I 

feel more comfortable on technology but it is smarter to do multiple choice on paper. 

It is noteworthy that the student admitted a “slight temptation to cheat” when using technology, 

and is defining her understanding of paper testing to a version in which students cannot write 

on the test itself. Although she selected that she likes both digital and paper formats equally, she 

admits that although she is personally more comfortable taking tests on devices, she thinks 

paper tests are a better educational choice. 

 Those students who preferred digital multiple choice tests most frequently cited the 

clarity of the digital image and the ease of changing answers as the chief justification of their 

preference. One student said, “I just like the display better. I feel less stressed because I can go 

back to an answer and change it without worrying about having to erase it.” 

 Math & Science Homework. Figure 23 reveals that School A student preferences are 

qualitatively different from those of the overall population sampled. Figure 7 revealed that the 

overall population of students in the paper group held steady with their overall preference for 
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paper, though by the end of the semester some students had shifted from no preference to 

preferring digital, while those in the paper group were more likely to choose a preference by the 

end of the semester, with paper being slightly more popular than digital. In contrast, Figure 21 

shows that at School A, homework preferences in both the paper and digital groups shifted 

toward a digital preference by the end of the semester. This is likely due to the fact that the 

device utilized at School A is the iPad, and students are still able to “handwrite” their math and 

science homework on the Notability app. 

 

Figure 23. Survey results of School A students’ homework format preferences 

School A students who prefer a paper format for math and science homework feel that 

the process of handwriting on paper helps them focus and learn more deeply and efficiently. 

Recalling that these quotes are from students who regularly turn in “handwritten” homework 

completed with a stylus on the iPad in other classes, their preference for paper takes on added 

weight: 

Doing math and science homework is easier for me on paper because when I am on my 

iPad, I am more likely to get distracted. In addition, I feel that I think through the 

question I am being asked in more depth when I am working on it on paper, and I 
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understand the material faster when I do it on paper. I feel that it sticks in my mind 

better. 

Those who prefer digital homework focused on the convenience: “So it’s nearly impossible for 

me to lose it.” Another student who selected a preference for digital homework captures an 

important consideration, suggesting that if he didn’t have an iPad and the use of a stylus with an 

app which allows for handwriting on a digital device, he might have a different preference: “It’s 

simpler, I can use notability to have handwritten notes on an ipad, so it’s the best of both 

worlds; easy to turn in (on ipad) + easier to complete (by hand).” 

 Lab. School A students’ lab preferences were qualitatively similar to those of the overall 

population sampled, as a qualitative comparison with Figure 8 reveals. 

 

Figure 24. Survey results of School A students’ lab format preferences 

 No matter which preference for lab format students selected, the message of most 

student responses is summed up in this one: “It honestly depends on the lab.” Many students 

cited the benefits to memory from physical handwriting, while others acknowledged the 

convenience of apps. The following is representative of the majority of comments, highlighting a 

desire for a blended lab format. 
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I find that using technology in conjunction with paper is beneficial in labs. When making 

tables, I am indifferent to which format I use, but when making graphs, I find that it is 

very beneficial to use an app like Graphical Analysis, as it creates very accurate graphs 

that are easier for me to interpret. However, I prefer to write out the procedure by hand. 

Throughout the semester in this class, students kept a lab notebook, turning in pictures of their 

work. Thus, they were almost always doing a blend of handwriting and digital analysis, creating 

graphs on Graphical Analysis and sketching the results into their notebook. It would be 

interesting to survey upperclassmen, who turn in more formal, typed labs. While it is true that 

graphing on a device is faster and more convenient than on paper, incorporating those images 

into formal lab reports can be frustrating on the iPad apps. 

 Note Taking. Students at School A are evenly split between paper, digital, and no 

preference on note taking format, which is a qualitatively different distribution compared with 

the overall preferences for note taking format.  

With data compiled from regular and honors level freshmen who use an iPad, 

upperclassmen at the regular level who use Chromebooks, and honors and AP level 

upperclassmen who use laptops, Figure 9 revealed that students had a marked overall 

preference for taking notes by hand on paper. Yet at School A, Figure 25 shows that student 

opinion remained fairly well divided between paper, digital, and no preference, with a slight 

shift in favor of digital note taking by the end of the semester. Possible reasons for this 

distinction between School A and the general population could be due to the type of device, 

which allows for “handwritten” notes using a stylus, or even due to socioeconomic status, since 

the vast majority of School A students are from a population in they have easy access to the most 

up-to-date technology, and most had been using devices in school for years, even before the 

pandemic. 
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Figu

re 25. Survey results of School A students’ note taking preferences. 

 School A students who prefer digital notes appreciate the ease of typing over handwriting 

and the ability to customize their notes: 

Taking notes involves a lot of writing, so I would much rather type it out rather than 

write it out on paper because of the time it takes. As well, I will not have to worry about 

handwriting, and I can always change the size, font, and color of the text while taking 

notes. I can even look up pictures that go along with our notes, and I can easily add them 

into my notes digitally. I can delete anything I write without eraser marks and I can copy 

and paste things easily. 

Those who prefer paper notes again cite benefits to comprehension when writing on paper. 

I like taking notes on paper because when writing down facts it is easier to remember 

rather than typing something on the iPad or computer. I am able to remember and 

comprehend more with paper.  
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When reading student responses, I found it interesting that students cited typing as the modality 

of digital notes; although they have Notability, an app which allows for handwriting with a 

stylus, they often opt for typing over handwriting when they use a device for note taking. 

iPAD CONTEXT FIELD CONCLUSION 

 Students in an iPad context had similar multiple choice and lab preferences to the overall 

population in this study, but differed from the overall group in their strong shift toward a 

preference for digital math and science homework and slight shift toward a digital note taking 

preference. In a setting in which the same teacher taught select groups of highly motivated 

honors freshman physics students, there was no significant difference in student annotation 

practices on homework, unit test scores, content knowledge growth as measured by FCI gains, 

or problem solving skills as measured by MBT gains between students who completed 

homework by hand using pen and paper or by hand using stylus and iPad. We did not expect to 

see very great differences between the iPad and paper groups, since students hand wrote their 

homework in either case, using a stylus on a screen or pencil on paper.  

The above results give added import to the significant difference that was observed in 

scientific reasoning skills as measured by the CTSR between the groups. Students with the same 

teacher who did their work digitally on an iPad had significantly less growth in critical thinking 

skills over the course of a semester of Modeling physics instruction than their peers who did 

their work on paper. Further research should be conducted contrasting the long-term effects on 

critical thinking skills when using a stylus versus a pen to handwrite in schools. Further research 

with a larger population size and a longer duration might also reveal significant differences on 

the FCI and MBT.  

INVESTIGATOR 2 FIELD TRIAL REPORT (CHROMEBOOK VS. PAPER) 

INTRODUCTION 
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             My name is Julia Grimes and I contributed data as Investigator 2 in the study. This year 

I completed my 6th year of teaching at School B where I taught Physics and AP Physics C in 

addition to a few other science and engineering electives. School B is a public high school in 

Saratoga Springs, Utah.  The school is a relatively new school that has been open for 12 years 

and it is in a very fast-growing area.  We are a 10th-12th grade school where students typically 

take Chemistry their sophomore year and take physics as juniors. This means that our physics 

classes are by large majority composed of junior level students. We have had a full class set of 

chrome books available to use as science teachers every year that I have been at School B. As of 

the 2021-2022 school year, our school has been one-to-one, providing each student with their 

own chrome book. I taught 64 students this year in an algebra-based physics class.  My 

colleague, who is our school’s other physics teacher, has been teaching with me for 5 years.  She 

also contributed contrast data to the study from her physics students. 

 PROCEDURE 

As we taught our physics classes this year, my colleague and I both used the same scope 

and sequence for each unit. This meant that we were generally teaching the same lessons on the 

same days. We also used the same labs to help our students learn about each topic. I had my 

students complete their labs, tests, and all other assignments, on paper. Our paper group did 

occasionally use Chromebooks for data collection in labs, but all the graphs were then graphed 

by hand after the data was collected.  My colleague had her students complete their labs, tests, 

and all other assignments on their Chromebook using canvas. Practice worksheets, homework, 

and tests were all created and assigned as canvas assignments. For some of the practice 

worksheets and labs diagrams and graphs were drawn on their canvas assignments using an 

editable pdf.  

We also each gave the same unit tests to our students. I gave mine on paper, and my 

colleague gave her tests on canvas. We made very slight changes to the free-response section of 
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the tests so that my colleague giving digital versions could assess the same principles on the free 

response section as I did giving paper copies.  

 RESULTS 

One of the main sources of interest in this study was to see if there was a difference in 

test scores between students in the paper group and students in the digital group.  For 

comparison our paper and digital groups each took 7 identical tests throughout the year, 3 of 

which were given twice as a pre and post-test. 

The three tests that we took as pre and post tests were the Force Concept Inventory Test 

(FCI), the Classroom Test of Scientific Reasoning (CTSR), and the Mechanics Baseline Test 

(MBT).  The means of the three pre and post-tests for our paper and digital groups can be found 

in the table below. 

 

Figure 26. Paper mean scores versus digital mean scores on pre and post-test data. 

            Looking at this table it appears that students who take paper versions of tests instead of 

Chromebook versions of the test do indeed get better scores with the exception of the MBT. A 

more thorough analysis of each test and the results will be discussed in further detail below.   

Quantitative Analysis. 

Force Concept Inventory. 
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 The Force Concept Inventory test, or FCI, was the first of 3 tests we gave as a pre and 

post-test to our two groups of students.  I expected the pre-test scores for each of these two 

groups to be the same.  Each of our two groups were randomly composed of mostly Juniors, all 

of whom were taking physics for the first time. For this reason, it felt safe to assume that both 

groups would have similar baseline physics content knowledge as measured by the simplified 

FCI. Therefore, our null hypothesis was that the mean FCI pre-test scores for both groups would 

be equal, with an alpha = 0.05. I compared each group of students with an independent-sample 

single factor ANOVA test. After running the ANOVA for the FCI pre-test scores comparing the 

paper and digital group, the scores suggested that our two sample groups were not actually part 

of the same population. The independent-sample single factor ANOVA results can be found in 

the Table 18. 

As the Table 18 shows, the mean pre-test score of the paper group was 9.6 and the mean 

pre-test score for the digital group was only 7.8 while the p-value was 0.006, which suggests that 

the two groups were already starting off at different levels. Since the ANOVA results showed that 

the paper group and digital group must be from different populations of initial physics content 

knowledge as measured on the FCI pre-test, I decided that I needed to use Hake gains to 

compare the growth of my pre- and post-test FCI data for my two groups.  After calculating the 

Hake gains for all the FCI data and running it through another ANOVA the results showed that 

there was still not a large enough statistical difference between the gains of the paper group 

compared to the digital group to be statistically significant. The ANOVA for the Hake gains can 

be found in Table 19. 

 
 
 
 
 
Table 18 

ANOVA for School B FCI Pre-Tests 
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FCI Pretests 

Groups Count Sum Average Variance 

Paper Group 40 384 9.6 11.68 

Digital Chromebook Group 79 620 7.8 9.66 

ANOVA 

Source of Variation SS df MS F P-value 

Between Groups 81.50 1 81.50 7.88 0.00585 

Within Groups 1209.77 117 10.33     

          F crit 

Total 1291.277 118     3.922 

Table 19  

ANOVA for School B FCI Hake Gains 

FCI Hake Gains 

Groups Count Sum Average Variance 

Paper Group 40 11.23 0.28 0.052 

Digital Chromebook Group 78 15.96 0.204 0.064 

ANOVA 

Source of Variation SS df MS F P-value 

Between Groups 0.15 1 0.15 2.55 0.112 

Within Groups 6.99 116 0.06     

          F crit 

Total 7.14 117     3.922 
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 A p-value of 0.112 with an alpha of 0.05 does not show a strong statistical gain between 

the paper group’s pre and post-test scores and the digital group’s pre and post test scores. While 

the statistical significance was not strong enough to reject our null hypothesis, the idea that our 

pre and post test scores would be statistically different, we still saw a larger overall increase in 

the pre and post-test scores of the paper group when compared with the digital group even if it 

was small. The paper group’s overall mean for the pre to post-test scores went from 9.6 to 15.2, 

an increase of 5.6 points on average, which equates to an increase of 12.3% on a 30-point test. 

The digital group’s overall mean for the pre to post-test scores went from 7.9 to 12.7, an increase 

of 4.8 points on average, which equates to an increase of 10.4%.  Could the only difference in 

these scores thus be attributed to the difference in the way the tests were administered? If both 

groups were taking physics for the first time and if both groups had a statistically identical gains 

of 0.28 for paper and 0.20 for the digital, could the simple fact that one group took the test on 

paper while the other took the test on a Chromebook be the reason that the paper group had 

slightly better scores each time, but the same gain? I believe further research where students 

from the same class are randomly assigned to either take a test digitally or by paper would be 

needed to investigate this claim further. 

Classroom Test of Scientific Reasoning.  

The CTSR was the last of 3 tests we gave as a pre- and post-test to our two groups of 

students.  I again expected the pre-test scores for each of these two groups to be the same.  Each 

of our two groups were randomly composed of juniors by large majority, all of whom were 

taking physics for the first time and most of whom had taken the same science classes at the 

same schools up to this point. For this reason, it felt safe to assume that both groups would have 

scientific reasoning skills as measured by the CTSR. Therefore, our null hypothesis was that the 

mean CTSR pre-test scores for both groups would be equal, with an alpha = 0.05. I compared 

each group of students with an independent-sample single factor ANOVA test. After running the 

ANOVA for the CTSR pre-test scores comparing the paper and digital group, the scores 
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suggested that our two sample groups were part of the same population. The independent-

sample single factor ANOVA results can be found in the table that follows. 

 
Table 20. 

ANOVA for School B CTSR Pretests 

CTSR Pretests 

Groups Count Sum Average Variance 

Paper Group 40 646 16.15 23.92 

Digital Chromebook Group 77 1198 15.55 17.32 

ANOVA 

Source of Variation SS df MS F P-value 

Between Groups 9.212 1 9.212 .47 .4939 

Within Groups 2250.08 115 19.56     

          F crit 

Total 2259.29 116     3.92 

       This is the result I expected. With a pre-test mean for the paper group of 16.2 and the 

pre-test mean for the digital group of 15.6 and p-value of .49, we had enough data to say that 

both the paper group and the digital group started off with the same amount of scientific 

reasoning skills as we started the class.  We could therefore move on to see if there was a method 

of doing classwork and taking tests that would help students make a bigger gain in their 

scientific reasoning by the end of the year. Taking another ANOVA test to compare the Hake 

gains of the two groups could show us if there was a statistically significant larger gain in one 
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group than the other so I calculated the Hake gains for the paper group and digital group and 

ran an ANOVA test on them. The results can be found in Table 21 below. 

The Hake gain ANOVA test did not show that there was a statistically significant 

difference between the method we used to teach physics throughout the year and student’s gain 

in scientific reasoning skills. With an average Hake gain of 0.09 for the paper group and an 

average Hake gain of 0.05 for the digital group our p-value was 0.22, telling us again that the 

means were statistically the same. If we look at just the numerical mean from pre to post-test 

scores we see that the paper group’s pre to post-test average increased from 16.2 to 18.0, an 

increase of 7.2% on a 26 point test. However in comparison, the digital group’s pre to post-test 

average increased from 15.6 to 16.6, an increase of 3.9%. This may seem somewhat significant, 

but again more testing would be required if we wanted to see if there was a strong statistical 

difference between our paper group’s and our digital group’s growth in their scientific reasoning 

ability. 

Table 21 

ANOVA on School B CTSR Hake Gains 

CTSR Hake Gains 

Groups Count Sum Average Variance 

Paper Group 40 3.75 0.093 0.213 

Digital Chromebook 
Group 77 4.036 0.0524 0.450 

ANOVA 

Source of 
Variation SS df MS F P-value 

Between Groups 0.562 1 0.562 1.159 0.220 
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Within Groups 42.58 115 0.370     

          F crit 

Total 43.14 116     3.923 

             Mechanics Baseline Test. 

 This was the second of the pre- and post-tests that we gave with the hope of being able 

to create a cohesive baseline between all groups in the study. Before beginning this study, we 

thought it would be useful to have our students answer 6 questions from the MBT to allow us the 

chance to see their growth in certain areas of mechanics. Unfortunately, there were no statistical 

differences from our pre to post-tests in either of the groups. The mean pre-test score out of 6 

for the paper group was 1.8 with an increase to 2.0 for the post test. The digital group did 

slightly better, getting a mean score of 1.6 for the pre-test and increasing that to 2.1 for the post 

test.  As one may assume, these differences were not large enough to be statistically significant. 

Taking the ANOVA of the pre-test and post-test scores, both show no statistical difference 

between the pre and post-test scores and paired t-test with two sample means show no 

difference between either group as well. These scores can be found in the tables below. 

Table 22  
ANOVA on School B selected-MBT Pretest 
 

Selected MBT Pretest 

Groups Count Sum Average Variance 

Paper Group 40 73 1.825 1.071 

Digital Chromebook Group 79 125 1.582 1.169 

ANOVA (�=0.05) 

Source of Variation SS df MS F P-value 

Between Groups 1.564 1 1.56 1.37 0.24 

Within Groups 132.99 117 1.13     

          F crit 
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Total 134.55 118     3.922 

 
Table 23 
ANOVA on School B selected-MBT Posttest 
 

Selected MBT Pretest 

Groups Count Sum Average Variance 

Paper Group 40 80 2 1.025 

Digital Chromebook Group 79 164 2.07 1.43 

ANOVA (�=0.05) 

Source of Variation SS df MS F P-value 

Between Groups 0.153 1 0.153 0.118 0.731 

Within Groups 151.54 117 1.29     

          F crit 

Total 151.69 118     3.922 

  
Table 24 
T-Test: Paired Two Sample for Means of School B MBT 
 

 POST MBT PAPER POST MBT DIG 

Mean 2 2.1 

Variance 1.0256 1.5282 

Observations 40 40 

Pearson Correlation -0.0819  

Hypothesized Mean Difference 0  

df 39  

t Stat -0.3808  

P(T<=t) one-tail 0.3527  

t Critical one-tail 1.6848  

P(T<=t) two-tail 0.7054  

t Critical two-tail 2.02270  

         



Paper vs. Digital?    78 

 

    As you can see from the tables, none of the tests we ran showed any significant difference 

in any of the scores suggesting that there was no difference between doing everything on paper 

or everything on a Chromebook. Before calling this one for sure however, it must again be noted 

that we only had students answer 6 questions from this test. In order to show definitively that no 

gains can be made through either method on the student’s mechanics baseline knowledge, one 

would need to conduct this experiment again, this time giving the test in its entirety. If the 

results from above are again confirmed then one might be more confident in the results above.  

Unit Test Given to Paper and Digital Groups 

            At School B there were four unit tests that we chose to compare the differences of. These 

tests and their mean scores can be found in Figure 27. Upon taking the ANOVA of each of these 

tests individually, it was shown that the differences between the projectile motion test and 

energy tests were not statistically significant, but that the differences between the Forces 1 and 

Forces 2 tests were indeed statistically significant. 

     

Figure 27. Unit test’s mean scores for paper and digital groups. 
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As we look at the first two tests, the projectile motion test and the energy test, we can see 

that even though there was a small gain for the digital test takers, statistically this difference was 

insignificant compared to the paper group.  I found this result to be very interesting because of 

the way the energy test was given and because of how the result turned out.  As far as the results 

go, the energy test was the test that had the closest score in regards to their means. This was 

especially evident statistically as the ANOVA for the energy tests yielded a p-value of 0.88. The 

administration of this test happened to be the only test that students in the paper group and the 

digital group happened to take on their Chromebooks due to a snow day. The one time that 

students in both groups took their tests in the exact same way ended up being the result with the 

closest mean and the highest p-value. This could possibly suggest that the mode of taking a test 

may make a difference. Again, the one time this year when both groups took their tests in the 

same way, we also got the closest result all year. This could possibly be looked into further to see 

if there are more results that support the idea that the mode does not matter. 

            On the other hand, the two forces tests, which were our two tests with statistically 

significant differences in their scores also had some differences that made them worth looking 

into more. On the Forces 1 test the paper group scored on average, 5.0% higher than the digital 

group who took their test on a Chromebook. In our classes, our Forces 1 test is the test that is 

most like the FCI. The entire Forces test is what we call “Forces without Numbers.” It is our first 

unit on forces when we are only focusing on the concepts of forces before we get into using 

numbers. Based on the results of this test, students in the paper group showed a significantly 

higher score when it came to understanding concepts over just putting in numbers. 

Our student’s results on the Forces 2 test are also worthy of consideration. It, like the 

Forces 1 test, showed a significant difference, but this time in favor of the digital group. This test 

however, comes with a lurking variable that is worth noting and considering. This unit and all 

the material taught leading up to the Forces 2 test, where we now bring in numbers to our force 
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ideas, was taught to the paper group by a student teacher while the digital group was still being 

taught by their regular full-time teacher.  Because the digital class had a higher score, we may be 

able to suggest that the higher mean by the digital class was a result of the more experienced 

teacher and not the method of teaching.  This is something that could possibly be studied and 

confirmed in a different experiment when they are looking at other teaching qualities.    

Annotations. 

Before beginning the data collection part of this study, we speculated as to whether a 

student’s ability to quickly and easily write down scratch work on a paper test would have an 

effect on their overall score. One thought was that the amount a student wrote on their test 

would correlate with their overall score. If a student had a paper copy of a test, we thought this 

may make it easier and thus encourage students to write more on their tests. As we looked at 

whether there would be a difference between overall scores on paper tests and digital tests, this 

may give us a possible reason as to why there was a difference.  I chose to look into this idea 

further by looking at the amount of writing our students had on the pre and post-test for the 

FCI. Using a test that we gave as a pre and post test for this analysis also allowed me to see if 

students who wrote more in the post test also got a higher score. 

Before I could compare the amount of writing on a test to the test score, I needed to 

make a scale that could quantify how much writing a student did. I used a 0-4 scale to represent 

this. If a student wrote nothing at all on their test then I gave them a score of 0. If they wrote 

something down for 1-25% of the questions I gave them a score of 1. If they wrote something 

down for 26-50% of the questions I gave them a score of 2. If they wrote something down for 51-

75% of the questions I gave them a score of 3. If they wrote something down for 76-100% of the 

questions I gave them a score of 4. This allowed me to give each test a writing score and compare 

it with a test score.  Below you can find the frequency distribution of FCI pre and post-test 

writing scores.  Below you can also find a table that outlines the information from the writing 

scores and FCI test scores which I will discuss in more detail. 
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Figure 28. Frequency distribution of FCI pre-test writing scores. 

 

Figure 29. Frequency distribution of FCI post-test writing scores. 

Table 23 
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Notable figure for the writing scores of pre and post-test FCI 
 

Notable Figures for the Writing Scores and FCI Pre and Post Test 
Scores 

FCI Pre Test Mean 9.6 

FCI Post Test Mean 15.2 

FCI Pre Test Writing Score Mean 0.307 

FCI Post Test Writing Score Mean 1.230 

Percent of students wrote on pre-test 23% 

Percent of students wrote on post-test 58.97% 

Percent of students with higher writing score on their FCI post-test 
compared to their FCI pre-test 46.15% 

Number of students who improved both their writing score and test score 
on their FCI post-test 17/39 

Number of students who improved their FCI post-test score without 
improving their FCI post-test writing score. 19/39 

  As you can see in the frequency distributions and tables above, most students did not 

write on their FCI pre-test even though they had a paper test. Only 23% of students wrote on the 

pre-test, with 30 students receiving a writing score of 0, 8 students scoring a 1 and only one 

student scoring a 4.  On the FCI post-test this changed. We found that most students did write 

on the post test. Now, 59.0% of students wrote on the post-test, with only 17 students receiving a 

score of 0, 12 receiving a score of 1, 1 receiving a score of 2, 2, receiving a score of 3, and now 7 

receiving a score of 4. If writing on the test helps students do better, these results would suggest 

that the means for the pre-tests scores would be lower than the means for the post-test scores 

and we found this to indeed be true. Our mean pre-test writing score was 0.3 and our mean pre-

test score was 9.6. Both of our post-test scores were then higher as our mean post-test writing 

score was 1.2 and our mean post-test score was 15.2. These were interesting results and at least 

initially they seem to suggest that increasing one's writing score will increase their test score. 

However, even though this seems to suggest a correlation, and even though it was a small part of 

our study, it was not the focus of our study. Therefore, these results may show a potential area of 

further study, but they do not show statistically significant results and should be studied further. 
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Survey Results 

The last thing to consider may in some ways be one of the most important things to look 

at. Which way do students prefer to complete their assignments?  Do they prefer having paper 

copies of their assignments instead of digital assignments? In order to see what students 

thought we asked them about their preference between paper and digital copies of assignments 

when taking multiple choice tests, when completing labs, when doing homework assignments 

and when taking notes in class. The pre and post test results for the paper group are found 

below.

 

Figure 30. Pre-class survey showing 
students test preferences. 

 

Figure 31. Post-class survey showing 
students test preferences.

             In the pre-class survey, 24.6% of students said that they preferred taking tests on paper 

with 15.8% saying they preferred digital. The remaining 59.6% said that they had no preference, 

either method was fine with them. 

            At the end of the year however, after completing the class where tests were given on 

paper, 42.3% of students said that they now preferred taking their tests on paper and only 11.5% 

of students still liked taking tests digitally. That shows an increase of 17.7% of students now 

preferring to take tests on paper. This increase did not just come as a result of students who 

were fine with either method switching over to prefer paper, but it also came from students who 

originally said they preferred taking digital copies of the test now preferring paper. This is 
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evident in the fact that the percentage of students who said they preferred digital copies of the 

test dropped from 15.8% on the pre-class survey to 11.5% on the post-class survey. 

            In addition to asking students about their preferences we allowed them to comment as to 

why they had this preference.  Many students who preferred paper said that they liked taking 

tests on paper because it was what they were accustomed to. Many also said that taking tests on 

paper made the test “easier to comprehend” or helped them “test better” and “work better” when 

they were taking a paper copy of their test. 

            I found it interesting that some students who reported liking either method equally, 

mentioned using paper to help them do well. One student who said they liked either method 

said, “I think online is easier to do, but I feel more confident on paper tests.” 

            Pre and Post-class surveys for homework assignments showed similar shifts in the 

percentage of students who preferred digital forms of homework. Below are charts that show the 

pre and post class homework preferences for the paper group. 

 

Figure 32. Pre-class survey showing students 
homework preferences. 

 

Figure 33. Post-class survey showing students 
homework preferences. 

The percentage of students who preferred doing homework digitally dropped from 47.4% 

on the pre-class survey to 38.5% on the post-class survey. Most of those students made the shift 

from preferring digital to being okay with either format after taking the test. One thing that I 

found to be very interesting about the survey responses was that even though 38.5% of students 
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still reported preferring digital homework assignments, many of them were still doing it on 

paper and submitting a picture of their hand written work. For example, one student said they 

preferred digital homework, “Because all I need to do is take a picture and submit online while 

being able to keep my homework for future reference, like using it for a study guide or notes.” 

One response from the group who said they preferred either method said, “I like doing the 

assignment on paper but taking a picture of it and turning it in online.” Another said, “Just 

depends on the type of assignment. If you need to show work or anything then paper.” Because 

of these and other similar comments from students, even though the group that preferred doing 

homework on paper stayed at around 26% for both the pre-class and post-class survey, I think 

the number students actually doing physics homework on paper and preferring to do physics 

homework on paper would be slightly higher if we consider students responses. 

            The shifts we saw in how labs were assigned were similar to the shifts we saw in test 

preferences as many more students preferred completing labs on paper at the end of the year 

compared to digital. The lab preference results can be found below. 

 

Figure 34. Pre-class survey showing students 
lab preferences. 

 

Figure 35. Post-class survey showing students 
lab preferences. 

            Those who preferred completing labs on paper grew from 36.8% on the pre-class survey 

to 61.5% on the post-class survey. Those who preferred completing their labs digitally dropped 

from 29.8% on the pre-class survey to 7.7% on the post class survey. This shows a clear shift in 
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preference where over half of the students preferred being able to complete their labs on paper 

at the end of the year. Responses as to why students liked completing their labs on paper mostly 

centered around their feelings that it was easier to make notes, write things down and draw 

better diagrams when completing their labs on paper. Several students also said that they liked 

doing labs on paper because they like their labs to be more hands on. 

            For note taking, very few students said that they preferred taking notes digitally. The pre 

and post-class survey results for note taking can be found below.

 

Figure 36. Pre-class survey showing 
students note taking preferences. 

 

Figure 37. Post-class survey showing 
students note taking preferences.

             As a class the preference to take notes on paper never fell below 75%.  To my surprise, 

most students reported that taking notes on paper was their preference because they felt like 

writing things down helped them remember them better. One student said, “I feel like I retain 

the information better when I can write it down and format it how I like.” Like was mentioned at 

the end of this students’ comments, many students also said they preferred taking notes on 

paper because they were able to organize it the way they wanted.  Another thing that I think 

contributes to the percentage of students who prefer paper to be so high is the lack of ease at 

taking digital notes on a Chromebook. Their only real way to do this, in my observation, would 

be to type their notes into a google doc. 
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            Based on all the survey results, the only type of assignment where the preference to 

complete the assignment on paper didn’t grow was for the homework. As mentioned however, 

based on students’ comments, it appears like many are completing them on paper because they 

prefer to and are simply taking pictures of them to submit them digitally. This makes a strong 

case for the idea that students would rather continue being able to use paper for their classwork 

as opposed to working on a computer all day. Another strong case for the idea that students 

prefer paper is the fact that in every category, the percentage of students who preferred 

completing assignments digitally at the beginning of the year decreased by the end of the year. 

While digital work may be a good way to keep things organized we may be able to keep students 

more engaged and motivated if we are giving them assignments in a way that fit their 

preferences. 

Conclusions. 

            After looking at pre-post test results for all classes included in this research and after 

comparing the data we collected from the unit tests given to all students it is hard not to 

speculate that there is an advantage, even if just a slight advantage, to having students take their 

tests in paper format. 

The post tests for the FCI and CTSR had bigger gains for the paper group and the paper 

group scores were comparable to the digital group on the unit tests. In addition to this, based on 

the results of the survey, students prefer using paper for completing the tasks and assignments 

that every typical physics classroom would have students complete. There may be something to 

be said about the organizational benefits for teachers for having online assignments. I can see 

why putting everything online as a teacher could help with a multitude of tasks teachers are 

strained to complete in a work day. I can also see how cutting down on grading time could help 

provide students with better instruction as more of a teacher’s time is freed up by not having to 

spend so much time and attention on organization and grading by putting most of a course 
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online. However, I still believe that the benefits we have seen by using more paper copies of 

assignments still outweighs any other advantages we may have by having digital assignments. 

INVESTIGATOR 3 FIELD TRIAL REPORT (CHROMEBOOK VS. PAPER) 

INTRODUCTION 

 My name is Lynn Jorgensen and I contributed data as Investigator 3 in the study. This 

was my 7th year teaching physics at School C in Gilbert, Arizona. School C is a public high school 

that serves a diverse group of students, both racially and socioeconomically. This past school 

year I taught three sections of AP Physics 1, one section of AP Physics 2, and one section of 

regular physics, and 76 of my 80 students and their parents agreed to participate in this study. 

My colleague on our physics team at School C school also contributed contrast data from their 

students. School C school limited the scope of our study to the units covered in first semester 

only, finishing our course of study with unbalanced forces. Projectile motion was not included in 

the study.  

PROCEDURE 

I contributed treatment data to this study from my students this year. I gave paper copies 

of all the coursework and tests to my students. My colleague gave paper copies of homeworks 

and digital multiple choice tests. Out of curiosity, I used past test data from 2019, the last 

normal first semester, to see how my treatment students compared to my own non-treatment 

students.  However, all data from 2019 is limited to the first semester since we were under 

COVID restrictions after mid-March, thus no FCI post test data. All tests and materials were the 

same between this year and 2019. All tests and coursework were the same between the 

treatment and contrast groups. 

RESULTS 

 Because our district has been pushing for more digital tests, and less paper usage overall, 

I was interested in looking more closely into the test performances between these groups.  
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Quantitative Analysis 

Force Concept Inventory.  

 Since my colleague and I teach at the same school, with a uniform distribution of 

students between the two of us, I expected our students to have a similar baseline physics 

content knowledge as measured by the simplified FCI. Thus, assuming a null hypothesis that the 

mean FCI pre-test scores would be equal to alpha = 0.05, I compared the treatment and control 

groups with a t-test for two independent means. As expected the means were not significantly 

different, where the t-value = 1.2, the p-value= 0.11. Additionally, the data from 2019 was also 

not significantly different, where the t-value = -0.0002, the p-value=1.00. To be sure that all 

three groups were within the same population, I also ran an independent-sample single factor 

ANOVA test, as shown in Table 24 Again, the results were not significantly different, F (2, 

234)=1.1, MSW=16.32, p=0.32.  

Table 24 

ANOVA for School C FCI Pre -Test 

 

Once I confirmed that all three groups were of the same population, I was able to 

compare the treatment group’s growth to the contrast group, as well as compare the treatment 

group to the control of 2019. In both cases, I used an independent-sample single ANOVA with 
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alpha=0.05, as shown in Table 25. Where I started by comparing the Hake gains on the FCI of 

the treatment group and the contrast group. 

I reject the null hypothesis that the mean average Hake gains were the same for all of the 

samples at School C School, based on the ANOVA with alpha=0.05, F (1. 117)=81.0, MSW=0.05, 

p<0.001 (Table 25). These results show a clear distinction between paper and digital groups, 

with paper groups showing a larger amount of growth.  

 

 

Table 25 

ANOVA for School C FCI Hake gains 

 

Mechanics Baseline Test 

I began my analysis of School C students’ scientific reasoning skills with a comparison of 

their MBT pre-test scores using an independent-sample single factor ANOVA with alpha=0.05, 

as shown in Table 26. It was my expectation that all students came from the same population of 

scientific reasoning skills before treatment.  I was not able to reject the null hypothesis, as the 

analysis showed that all School C students began in the same population of problem solving 

skills, as measured by the six MBT problems selected and administered at the beginning of the 

semester, F (1, 117)=2.6, MSW=1.23, p=0.11 (Table 26).  



Paper vs. Digital?    91 

 

I then compared the pre and post test MBT scores using an independent-sample single 

factor ANOVA with alpha=0.05, , as shown in Table 27 The difference between the MBT scores 

at the beginning and end of the semester revealed that there were statistically significant 

differences in the growth of problem solving skills between the samples, F(1, 117)=43.1, 

MSW=1.54, p<0.001 (Table 27). This is further supported by an independent-sample single 

factor ANOVA analysis of the Hake gains for the selected MBT questions, F(1, 117)=17.6, 

MSW=0.09, p<0.001, , as shown in Table 28.  Therefore the null hypothesis for both the post 

test and the Hake gains is rejected. We have more evidence that there is a positive correlation 

between paper vs digital test taking for gains in scientific reasoning.  

Table 26 

ANOVA for School C selected MBT Pre 

Test  

Table 27 
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ANOVA for School C selected MBT Post 

Test  

 

 

 

 

 

 

Table 28 

ANOVA for School C selected MBT Hake gains 

 

Classroom Test of Scientific Reasoning 
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Once again, I began with the assumption that both groups of students were part of the 

same population for scientific reasoning skills. I used an independent-sample single factor 

ANOVA with alpha=0.05, as shown in Table 29 Even though both groups were part of the same 

population for their FCI and MBT tests, I had to reject the null hypothesis that the means were 

the same for this test, F(1, 119)=4.1, MSW=16.41, p=0.04. 

Table 29 

ANOVA for School C CTSR Pre-Test 

 

 The confidence in rejection of the null hypothesis is not very strong at p=0.04, as the 

required value for not rejecting is p=0.05. Why the difference? Why were the FCI and MBT 

groups from the same population, but the CTSR students show different populations, even if 

only slightly? This may be because the FCI and MBT tests were given within the first full week of 

school, before any interventions or treatments. Where students were randomly assigned 

between teachers. But the CTSR was given close to the end of the first month of school, just over 

three weeks in, after the first unit on velocity. Perhaps we are seeing the first indications of 

results from the treatments given over those three weeks.  

 Since I had rejected the null hypothesis of the pre-test scores, I had anticipated rejecting 

the post-test scores as well. The analysis of the post-test scores was done using the same 

independent-sample single-factor ANOVA with alpha=0.05 as has been done previously, as 
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shown in Table 30.  Again, I rejected the null hypothesis that the means were the same, F(1, 

119)=6.646, MSW=21.96, p=0.011. Thus our student populations are not the same after 

treatment. Since the p-values were further from the rejection threshold, one might conclude that 

the treatments had a moderate positive effect on the students’ reasoning skills.  

Table 30 

ANOVA for School C Post CTSR Test 

 

 After rejecting the null hypothesis for both the pre-test and the post-test, I turned once 

more to the Hake gains to further analyze these populations, as shown in Table 31. I cannot 

reject the null hypothesis, F(1, 119)=0.9, MSW=0.002, p=0.939. Perhaps the timing in 

administering the test had some effect, as the post CTSR tests were also not given at the same 

time. The treatment group were given theirs in January, at the start of second semester, while 

the contrast group were given theirs at the end of the third quarter. This extra time of classroom 

practice with conceptual understanding and critical thinking could have played a part here and 

future analysis could look at how the timing of the post tests affects the overall scores and Hake 

gains.  

Table 31 

ANOVA for School C for CTSR Hake gains 
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Annotations 

Throughout the course of first semester, my students were given four specific lessons in 

active notetaking based on the current unit of study. Although I have used these principles for 

years in my classroom, this was the first time that I delivered structured, 15-20 minute 

instruction on how to do these things. Their first was on taking pre and post lab notes. Their 

second was on graph interpretations. Their lesson was word problems-how to pull the relevant 

information from these problems, and how to set up their proper equations.  

The final lesson was on proper force diagrams, and then using those force diagrams to set their 

problems up.  

Through the implementation of these four lessons, the students in the treatment group 

were encouraged to actively make annotated corrections to their homework papers as their table 

groups participated in each post-homework whiteboard session. Thus turning their homework 

into perfected examples for study and review for each unit test. 

The first and last homework assignments for each unit were then scored for how well 

students annotated their work during class discussions. The scores given to these assignments 

were specifically looking at the amount of notes/corrections made on each assignment, see 

Table 32. 

Table 32 
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Summary of Homework Annotations Scoring System at School C 

Score Category Description 

0 No Effort at Annotation No evidence of correction; no notes for future reference. 

1 1-25% Annotated Few of the problems marked/corrected: no notes for 
future reference, most answers remained uncorrected. 

2 25-50% Annotated Some of the problems marked/corrected: some 
corrected answers have notes for reference, others 
corrected by erasing “mistake” and filling in correct 
information 

3 50-75% Annotated Most of the problems marked/corrected: all problems 
show corrections, occasional brief notes for future 
reference. 

4 75-100% Annotated Nearly all of the problems marked/corrected: detailed 
notes for future reference, corrected answers for most 
mistakes while keeping incorrect originals. 

 

This was the first year that I actively encouraged my students to write on their multiple 

choice tests, not just on scratch paper. These tests were likewise scored and ranked for mark 

ups, the scoring guidelines are similar to the homework guidelines, see Table 33. This scoring 

guideline was only applied to their multiple choice tests, the other portion of each test is a free 

response section where students must show their work for full credit.  

Table 33 

Summary of Test Annotations Scoring System at School C  

Score Category Description 

0 No Effort at Annotation No work was shown for any multiple choice problem-No 
marks 

1 1-25% On a 12 question test: 1-3 questions showed work 

2 25-50% On a 12 question test: 4-6 questions showed work 

3 50-75% On a 12 question test: 7-9 questions showed work 

4 75-100% On a 12 question test: 10-12 questions showed work 
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 The following are examples for scores of 1-4 for this scoring system. I did not include an 

example of no marks made. These examples are from the second half (back page) of the 

Acceleration Test at the end of the first unit. The coding scales for both the homework 

annotations and test annotations were chosen to be interval in nature, allowing for an 

application of a Pearson correlation to relate annotations to test scores, see Table 34. Students’ 

average homework annotation scores were compared with their average test scores using a 

Pearson correlation, r=0.47, p<0.001. There is a positive correlation between annotating 

homework and test scores, however it is not a strong correlation. When students’ average test 

annotations were compared with their average test scores using a Peason correlation, r=0.66, 

p<0.001. There is a moderately positive correlation between students writing directly on their 

tests and improved test scores.  

 

 

 

Examples of Scores 1-4 
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1: One problem solved, one annotated 2: Two problems solved, two more annotated. 

  

3: Three problems solved, most problems 
annotated 

4: Nearly every problem solved and/or 
annotated. 
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Figure 38: Average Homework Annotations vs Average Test score 

 

Figure 39: Average Test Annotations vs Average Test score
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Since our study was focusing on the effects of paper, and writing by hand, compared to 

digital versions, the contrast group took their multiple choice tests in Google Forms. These tests 

used identical questions and images, and were again focused on the velocity, acceleration, and 

force tests, as well as the semester one multiple choice final. The treatment students’ test scores 

were then compared with the contrast groups’ scores using a t-test for two independent means 

at alpha=0.05 (Table 34), as well as an independent-sample ANOVA at alpha=0.05 (Table 35).  

Table 34 

Summary Table for T-Test for two Independent Means for School C 

Test t-value 

Velocity 0.25039 

Acceleration 0.09177 

Forces 2.72605 

Final 2.36806 

 

As we look closely at the data we see some interesting trends. The velocity test is given 

about two weeks into the semester. At this time the treatment group will have had one of their 

four intervention lessons. We see no significant difference between our groups, p=0.40, and we 

cannot reject the null hypothesis. The acceleration test is given just before the first quarter ends. 

The students have had two of the four intervention lessons. Again, we see no significant 

difference between our groups, p=0.46, and we cannot reject the null hypothesis. The forces unit 

test is typically given in November, and the students have had all of their intervention lessons. 

At this point we do see significant differences between our groups, p=0.01, so we are able to 

reject the null hypothesis. As we analyze the multiple choice final data, we see significant 

differences between our groups, p=0.02, and we reject the null hypothesis that these groups are 

part of the same population.  

Table 35 
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Summary Table of ANOVA for School C Unit Tests 

  Treatment 
(paper) 

Contrast 
(digital) 

   Treatment 
(paper) 

Contrast 
(digital) 

 

Avg z 
score 

0.0388 -0.0328  Avg z 
score 

0.0239 -0.0202  

Variance 13.222 26.069  Variance 6.313 7.399  

n 69 97  n 69 97  

MSB  
(1 df) 

1.300 F .0627 MSB  
(1 df) 

0.0585 F 0.0084
2 

Veloci
ty 

MSW  
(164 df) 

3401.711 P 0.8026 

Accele
ration 

MSW  
(164 df) 

6.948 P 0.4269 

  Treatment 
(paper) 

Contrast 
(digital) 

   Treatment 
(paper) 

Contrast 
(digital) 

 

Avg z 
score 

0.625 -0.527  Avg z 
score 

0.439 -0.370  

Variance 6.290 6.973  Variance 30.973 15.396  

n 69 97  n 69 97  

MSB  
(1 df) 

49.714 F 7.431 MSB  
(1 df) 

122.557 F 5.608 

Force
s 

MSW  
(164 df) 

6.689 P 0.007
11 

Final 

MSW  
(164 df) 

21.855 P .0190 

 

 From the FCI and MBT pre and post test scores, we know that at some point in the first 

semester our populations separate out between the treatment group and the contrast group. By 

analyzing the unit test scores, we are able to see when this distinction between groups develops, 

and possibly why. The forces unit is when conceptual understanding and critical thinking skills 

are fully implemented. In both the velocity and acceleration units, students are able to more 

readily plug numbers into prepared equations for their solutions. However, in the forces unit, 

students must build their own unique models for each problem by drawing force diagrams from 

the descriptions given. Once those models are determined, they must then decide which of 
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several equations will best suit the problem at hand. The semester final is a balanced mix of 

units: velocity, acceleration, projectile motion, and forces. Thus it does not have quite the same 

p-value difference as the forces unit alone, although it is still enough of a significant difference 

to comfortably reject the null hypothesis.  

Since I have taught these courses for seven years, I have several years’ worth of past data 

to directly compare current students in the treatment group to my own students in the past. I 

limited my prior data to just the first semester of the 2019 school year, and only the FCI, 

acceleration test, and forces tests were used. I limited my scope to these three to show that the 

student data was indeed part of the same population (FCI); since the growth appeared to occur 

between the acceleration test and forces test, I wanted to compare that growth to a control group 

of my own students . Thus ensuring that the only comparison is the actual treatments taken in 

my room this year, and not based upon other teacher influences. For this analysis, I ran a T-test 

for two independent means with alpha=0.05, the results are shown in Table 36.   

Table 36 

Summary Table for T-Test for two Independent Means for School C 

Test t-value p-value 

FCI Pre Test 0.00018 0.999858 

Acceleration Test 1.81172 0.035813 

Forces Test 1.74196 0.041483 

 

As shown earlier, the FCI shows that these two groups are of the same population, as the 

null hypothesis was rejected. Interestingly, even though the treatments leading up to the 

acceleration tests showed no significant statistical difference between the treatment and 

contrast groups,p=0.43 (Table 34), there is a difference between the treatment group and past 

student data, p=0.04 (Table 36). Thus the null hypothesis is rejected, and we can say that there 

was a positive effect of the treatments on the acceleration test. Likewise, the forces tests show 
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significant differences between the treatment group and the control group of 2019 data, p=0.04, 

although not as much as between the treatment group and control group, p=0.01 (Table 34). 

Again, the null hypothesis is rejected, and we can say that there was a significant positive effect 

of the treatments on the forces test.  

Subjective Results 

Student Preferences Survey Responses 

All students were given the same survey on paper vs digital preferences for taking tests, 

homework, lab reports, and note taking. These surveys were given twice, once at the start of the 

year, and once more during the fourth quarter of the school year. The surveys were all taken 

anonymously, with identifier codes that each student made for themselves. Surveys were coded 

for ease of analysis as follows: 1=digital, 2=paper, 3=like the equally, 4=don’t like either.  

 Multiple Choice. The table below indicates that School C student preferences are 

qualitatively different from those of the overall population samples. In the treatment group 

there was a large shift from digital to paper test taking. Those who liked both remained 

relatively unchanged. In the contrast group, who took their multiple choice tests digitally, while 

there was a large shift in preference towards paper formats, most of those came from the “liked 

both formats equally” group.  

Table 37 

 Treatment Pre Treatment Post Contrast Pre Contrast Post 

1 18 7 24 29 

2 29 42 17 26 

3 29 28 46 31 

4 1 0 0 1 

 

Students provided justifications for their preferences in the survey. Ease of moving 

through the test, seeing all of the questions at once, annotating their work, and teacher feedback 
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were frequent justifications provided by students for paper test preference. Several students 

expressed concern about selecting an unintended answer on a digital test. The following quotes 

are representative of student reasoning for paper preference:  

“With a paper test it is easier to keep track of the options available, and you are able to 

make marks on a paper to help organize thoughts and determine answers.” 

“I tend to have an easier time thinking out problems and have less of a tendency to take 

an easy way out and cheat.” 

“Especially in physics, writing on paper helps visualize the problem” 

 
For the most part, students who preferred digital tests felt it was easier to click an answer than 

filling a bubble sheet out and erasing an answer if they changed their mind. Some felt more 

comfortable with a digital test format since fewer teachers gave paper tests.  The following 

comments are representative of those who preferred digital tests:  

“It is just easier because I can just click on the option instead of filling in the bubble 

manually. It also depends on the length of the test; longer tests I'd prefer to do digitally.” 

“Digital just for some reason helps me memorize things way easier.” 

 

It is interesting to note that even though students who preferred digital tests felt they were 

easier to take, the data shows a significant difference between the mean test scores of paper vs 

digital. Those who took a digital version were more likely to score lower than their paper 

counterparts (Table 34) 

Math and Science Homework: In both the treatment group and contrast group 

students were given paper copies of homework. Occasionally both the groups did online 

activities with substitute teachers. Many of their math classes use digital textbooks and 

homework activities. In the treatment group there was a large shift towards paper preference, 

while that preference remained unchanged in the contrast group.  
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Table 38 

 Treatment Pre Treatment Post Contrast Pre Contrast Post 

1 6 4 11 15 

2 49 59 59 59 

3 21 13 15 11 

4 1 1 2 1 

  

Student reasoning for paper preference focused on writing out the problem/showing 

their work, remembering things better, and looking back over their homework for review. The 

following quotes are representative of student reasoning for paper preference:  

“Paper I can write out the problem solving/work out more diligently without forgetting 

what the problem originally was about and using said paper as notes” 

“Working through problems on paper allows me to see the full thought process.” 

 
Student reasoning for preferring digital homework primarily focused on the concern for lost 

work (both by the teacher and the student), the ability to turn homework in at midnight, and 

“it’s just easier”. The following comments are representative of those who preferred digital 

homework:  

“i hate paper makes me want to rip hair out because my handwriting is bad and i can 

never seem to have good handwriting even when i try” 

“It is easier to look up information to help” 

 
From the survey we saw that more students in the treatment group shifted towards preferring 

doing homework by hand because they found it easier to do the work by hand, and they could 

use their homework for notes later on. Whereas the contrast group made no mention of using 

homework as notes for test review. This was what we had hoped would happen over the course 

of the semester, that the students would recognize that there are multiple ways of taking notes.  
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 Labs. In the treatment group students hand wrote the pre and post lab activities and 

notes for every lab and demonstration. These were graded separately from their lab reports. All 

lab reports were typed up using the same format, and then printed off and inserted into the lab 

books. In the contrast group, labs were pre-printed forms with tables for their data and space to 

answer questions. In the treatment group there was a mild shift towards paper preference and 

away from digital formats. While in the contrast group there was a large shift towards digital 

labs and away from paper formats.  

Table 39 

 Treatment Pre Treatment Post Contrast Pre Contrast Post 

1 31 27 13 44 

2 24 30 53 17 

3 20 18 18 22 

4 2 2 3 3 

 

Student reasoning for paper preference focused primarily on annotations-taking notes 

during the lab, drawing graphs, thought process, and on a dislike for the technology used in the 

labs. The following quotes are representative of student reasoning for paper preference:  

“When I am doing labs I prefer to focus on a piece of paper and the lab that's happening 

rather than using my Chromebook as well because it makes it more confusing for me.” 

“Its more convenient to use paper for labs because there's usually more information to 

put down.” 

“knowing how everything is working is more helpful. relying on programs is helpful, but 

doesn't help me learn.”  

 
Students who preferred digital labs felt that lab reports were easier to set up in a Google 

Document, ease of fixing mistakes in the report, and handwriting. The following comments are 

representative of those who preferred digital lab reports:  
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“It is easier to delete whenever I make a mistake and it is easier to insert information and 

pictures.” 

“It is quicker and more efficient digitally as I can just copy and paste the previous lab and 

then edit it to fit the current lab.”  

 
Based on some of the comments made about the ease of making notes on paper and the 

difficulty in making the digital labs work, I feel that this question might not have been as clear as 

I had hoped. The purpose of this question was to look at lab reports, not the actual lab itself. Nor 

was it to take into account the technologies we use to collect data during labs. Several students 

made comments about the technology being hard to work with, and they liked taking notes on 

their labs by hand, as reasoning for preferring paper labs. Others commented on preferring 

paper labs to digital ones because they either liked doing hands on labs, or they didn’t like doing 

simulation labs (eg. Phet simulations). Again, neither of those were meant to be the focus of this 

question. Future studies could look at online labs vs hands-on labs, but this was not the point of 

our study. 

Note Taking. In the treatment group students were given targeted lessons on note 

taking, and reminded and encouraged to take notes during whole class instruction, during pre 

and post labs, and during white boarding sessions for homework. Students were encouraged to 

review and revise their notes for review purposes. My lecture notes were always available on 

Google Classroom, and it was suggested that students use those online notes to review and 

amend their own notes. In the contrast group, the teacher used a document camera to project 

worked out problems that were then uploaded on a daily basis to their Google Classroom. 

Additionally, the contrast teacher used power points for whole class instruction, introduction to 

labs, and for review activities. All of which were uploaded daily to their Google Classroom, and 

students were encouraged to download these materials.  
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Table 40 

 Treatment Pre Treatment Post Contrast Pre Contrast Post 

1 8 4 16 20 

2 51 63 54 59 

3 12 8 15 6 

4 6 1 2 2 

  

Students who preferred taking notes by hand felt that they remembered their notes 

better, that it was easier to annotate-add drawings, underline, circle important ideas. The 

following quotes are representative of student reasoning for paper preference:  

“I know where everything is. I never look at online notes. In paper you just have to turn a 

page in your notebook, online you have to open like 20 tabs” 

“Writing down notes helps for me to understand in my own kind of writing for a note 

problem.” 

“I often use visuals (diagrams, circle stuff, etc.) in my notes so it's better for me to take 

notes on paper.” 

 
Students who preferred digital notes focused on ease, not wasting paper, and bad handwriting. 

The following comments are representative of those who preferred digital notes:  

“Digital notes can be taken much faster and are more easily accessible 

“I hate taking notes, but theyre very easy to access for information. Digital reduces the 

space paper notes take and are easier to locate” 

One comment from the contrast group showed up in several variations as to why they preferred 

to take their own notes and not use the digitally uploaded ones. The idea was that they 

remembered the information more when they were the ones writing it down in class, and not 

reviewing it later.  
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FIELD CONCLUSION  

Overall students in the treatment group had a sizable shift towards paper preference in 

all categories, as students from both the digital group as well as the equal preference group 

moved towards a paper preference. While students in the contrast group had a slight shift 

towards paper preference in test taking and note taking categories. However, students in the 

contrast group did have gains in their digital preferences in all categories. The digital increases 

came primarily from the equal preference group. The majority of students, across all categories, 

with a preference for digital options indicated that digital was just easier. Very few with digital 

preference indicated referring to using their notes, homework, or labs for review or studying. 

While the majority of the paper preferences indicated that they used their notes, homework, and 

labs to review and study for their tests.  It is interesting to note that for the treatment group 

those who indicated that they did not like either the digital or paper note taking on the 

pretreatment survey, made a significant move away from that dislike. Indicating that they found 

value in any form of note taking. 
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Pre-survey for Treatment Students 
Pre-survey for Contrast Students 
Contrast Teacher Survey 
Questions Added at the End of Multiple Choice Unit Tests 
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Pre-Survey for Treatment Students (39 Questions) 
GENERAL INFORMATION 

What year are you in school? 

a. 9th 
b. 10th 
c. 11th 
d. 12th 

What science class are you taking this year? 

a. Freshman Physics/Physics 
First/Conceptual Physics 

b. Algebra Based 
Physics(Junior/Seniors) 

c. Honors Physics 
d. AP Physics 1 
e. AP Physics C 
f. Chemistry 

Do you have the internet at home? 
a. Yes 
b. No  
c. Sometimes 

 
Do you have a tablet or a computer at 
home? 

a. Yes 
b. No  
c. Sometimes 

 
Do you have a cellphone that can access the 
internet at home? 

a. Yes 
b. No  
c. Sometimes 

 
Do you have a school issued computer or 
tablet available to you in your science class? 

a. Yes 
b. No  
c. Sometimes 

 
Do you have a stylus or apple pencil that 
allows you to write and take notes on a 
computer or tablet?  

a. Yes 
b. No  
c. Sometimes 

GENERAL COMPUTER USE 

 
How often do you use technology for 
completing assignments?  

a. 0 -20% of the time 
b. 20 -40% of the time 
c. 40 - 60% of the time 
d. 60 - 80% of the time 
e. 80 -100% of the time 
f. 0 % 

 
How often do you use technology for class 
projects or presentations? 

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for 
submitting assignments?  

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for note 
taking? 

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for 
accessing class information (looking up 
notes, looking up the schedule)?  

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for 
communication with classmates or teachers 
(e-mail, online chats, class websites)? 
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a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 

DIGITAL VS PAPER 

Answer the following question based 
on your preference between a digital 
version or paper version 

How do you prefer to take a multiple choice 
test? 

a. Digital format 
b. Paper 
c. I like both equally 
d. I don’t like either 

 

Additional Comments? 

Submitting Homework assignments in math 
or science classes? 

a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 
Completing Labs? 

a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 
Taking notes? 

a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 
GENERAL PRACTICES 

What is your usual method of taking notes? 

a. Typing 
b. Handwriting on paper 
c. Handwriting with a stylus 
d. I don’t take notes 
e. I take pictures with my phone 
f. other 

Additional Comments? 
 
What is your primary strategy when taking 
notes? 

a. I try to write down everything the 
teacher says 

b. I only write down what the teacher 
writes down 

c. I only write down that the teacher 
tells me to write down 

d. I try to summarize and put things in 
my own words 

e. I don’t take notes or I only take 
picture of the slides 

f. I don’t really have a set strategy 
g. other 

Additional Comments? 
 
How do you organize your work for a unit? 

a. I keep things organized in a binder 
b. I have a notebook and all my loose 

papers are in a folder 
c. I have a notebook but all my loose 

papers are in my back pack 
d. Everything is on my iPad/computer, 

so I just search for what I’m looking 
for 

e. Everything is on my iPad/computer, 
organized into folders to keep things 
in order 

f. I don’t really have a strategy for 
keeping things in order 

Additional Comments? 
 
In your previous experience, what has been 
the most common way for you to complete 
math and science homework? 
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a. Pencil and paper 
b. Computer/iPad and stylus or apple 

pencil 
c. Computer/iPad without stylus or 

Apple pencil 
d. Other 

Additional Comments? 
 
AGREE OR DISAGREE 

I like science. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I like math. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I am looking forward to this science class. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I think this class is going to be hard. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

 

 

 

I generally get good grades in my math 
class. 

a. Agree 

b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I generally get good grades in my science 
class. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I like to do hands-on work. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I like to work with a partner. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I like to work by myself. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I like to work in groups that work well 
together. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

 
I remember things well when listening to 
teacher 

a. Agree 
b. Somewhat agree 
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c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I remember something better if I write it 
down in a notebook. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I learn more when I talk about what we are 
learning with my friends or group members. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

I learn more when I have pictures, images 
or diagrams to look at. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

Having a computer helps me learn more 
when I am in class. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

Having a computer helps me learn more 
when I am at home. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 

 
 
I am a good notetaker. 

a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 

d. Somewhat disagree 
e. Disagree 

I am a good organizer. 
a. Agree 
b. Somewhat agree 
c. Neutral, either way is fine 
d. Somewhat disagree 
e. Disagree 
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Pre-Survey for Contrast Students (14 Questions) 
 
GENERAL COMPUTER USE 
 
How often do you use technology for 
completing assignments?  

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for class 
projects or presentations? 

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for 
submitting assignments?  

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for note 
taking? 

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
How often do you use technology for 
accessing class information (looking up 
notes, looking up the schedule)?  

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 
 

How often do you use technology for 
communication with classmates or teachers 
(e-mail, online chats, class websites)? 

a. 80 -100% of the time 
b. 60 -80% of the time 
c. 40 - 60% of the time 
d. 20 - 40% of the time 
e. 0 -20% of the time 
f. 0 % 

 

 

DIGITAL VS PAPER 

Answer the following question based 
on your preference between a digital 
version or paper version 

How do you prefer to take a multiple choice 
test? 

a. Digital format 
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 

 

Submitting Homework assignments in math 
or science classes? 

a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 
Completing Labs? 

a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 
 

Taking notes? 
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a. Digital  
b. Paper 
c. I like both equally 
d. I don’t like either 

 
Additional Comments? 
 

 

GENERAL PRACTICES 

What is your usual method of taking notes? 

a. Typing 
b. Handwriting on paper 
c. Handwriting with a stylus 
d. I don’t take notes 
e. I take pictures with my phone 
f. other 

Additional Comments? 
 
What is your primary strategy when taking 
notes? 

a. I try to write down everything the 
teacher says 

b. I only write down what the teacher 
writes down 

c. I only write down that the teacher 
tells me to write down 

d. I try to summarize and put things in 
my own words 

e. I don’t take notes or I only take 
picture of the slides 

f. I don’t really have a set strategy 
g. other 

Additional Comments? 
 
 
 
 
 
 
 
 
 
 
How do you organize your work for a unit? 

a. I keep things organized in a binder 
b. I have a notebook and all my loose 

papers are in a folder 
c. I have a notebook but all my loose 

papers are in my back pack 
d. Everything is on my iPad/computer, 

so I just search for what I’m looking 
for 

e. Everything is on my iPad/computer, 
organized into folders to keep things 
in order 

f. I don’t really have a strategy for 
keeping things in order 

Additional Comments? 
 
In your previous experience, what has been 
the most common way for you to complete 
math and science homework? 

a. Pencil and paper 
b. Computer/iPad and stylus or apple 

pencil 
c. Computer/iPad without stylus or 

Apple pencil 
d. Other 

Additional Comments? 
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Teacher Comparison Survey 

GENERAL INFORMATION 

In what grade level are most of your 
students in this study? 

a. 9th 
b. 10th 
c. 11th 
d. 12th 

What science class are you teaching this 
year? 

 
Are you online or in person? 

a. online 
b. in person 
c. hybrid 

 
What percentage of your students are on 
free or reduced lunch? 

 
How often do you use technology for 
assigning homework?  

a. 80-100% of the time 
b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 
How often do you require technology use for 
class projects or presentations? 

a. 80-100% of the time 
b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 
How often do you give tests in digital 
format? 

f. 80-100% of the time 
g. 60-80% of the time 
h. 40-60% of the time 
i. 20-40% of the time 
j. 0-20% of the time 

 
 
How often do your students use technology 
for note taking? 

a. 80-100% of the time 

b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 
How often do you use technology for general 
class information (posting notes, posting 
schedule or assignments)?  

a. 80-100% of the time 
b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 
How often do you use technology for 
communication with students (e-mail, 
online chats, class websites)? 

a. 80-100% of the time 
b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 

How often do students use computers or 
devices in a class period? 

a. 80-100% of the time 
b. 60-80% of the time 
c. 40-60% of the time 
d. 20-40% of the time 
e. 0-20% of the time 

 
Are your students required to keep a 
notebook or binder? 

a. Yes 
b. No 
c. Not required but highly encouraged 

 

 

 

Based on your observations, how many of 
your students have and regularly use a 
paper notebook in your class? 

a. 0-20% 
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b. 20-40% 
c. 40-60% 
d. 60-80% 
e. 80-100% 

 
What type of technology do your students 
have access to? (one-to-one with iPad & 
Apple pencil, with laptop and stylus, 
Chromebook, etc.) 
  
 
How often, if at all, do you provide guidance 
or recommendations to your students on 
organization and notes, homework, etc. Are 
they held accountable for notes or 
homework corrections in any way? 
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Questions Added at the End of Multiple Choice Unit Tests 
 
For this unit, about how much time did you spend studying for the test? 

a. 0-30 minutes 
b. 30 minutes-1 hour 
c. 1-2 hours 
d. 2-3 hours 
e. 3-4 hours 
f. 4-5 hours 

 
What methods did you use to take notes in this unit? (Check all that apply) 

a. I didn’t take any notes 
b. I looked at what the teacher posted 
c. I took my own notes 
d. I took pictures of the board 
e. I got copies of a friend’s notes 
f. I rewrote my own notes after class 

 
How did you study? (Check all that apply) 

a. I didn’t study 
b. I looked at the homework 
c. I looked at my own notes 
d. I looked at the teacher’s notes 
e. I studied with a partner 
f. I looked at online videos 
g. I created a summary sheet as my own study guide 

 
Any comments? 
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APPENDIX B 
 

INTERVENTION TOPICS 
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Topics for Occasional Interventions  
Promoting Good Study Habits, Note taking, and Organizational Skills 

 
1. Intro to Note taking 

a. Purpose of Taking Notes (external storage, encoding)  
b. Generative vs. Non-generative note taking strategies  

2. Homework can become notes! 
a. Are you going to write that down? (Contemporaneous notes are powerful - 

especially in Modeling!) 
b. Line out vs. erase (Visual record of how you used to think...how you think 

now) 
c. Corrections in different color, on post-its, on separate page, in margins or 

empty space 
3. Active vs. Passive Study Practices  

a. Lower Order Thinking 
b. Higher Order Thinking  

4. Typing vs. Handwriting vs. Stylus 
a. Brain activation, deep vs. shallow processing  
b. Benefits of putting things into your own words vs. verbatim  

5. “Thinking on Paper” 
a. Effect of scratch work on test performance 
b. Multiple representations (“even experts don’t always know exactly how to 

find the solution to a problem”)  
6. Test Score Differences when taking test on paper vs. online  

a. Writing on the multiple choice test, not just the answer sheet 
b. Not leaving anything blank-do as much as you can. 

7. Digital Distraction 
a. Effects on yourself 
b. Effects on neighbors 

8. Organization 
a. Binder 
b. Notebook 
c. Folders (even on devices!)  
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