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The effects of color-coding on word problem 

solving proficiency in kinematics.  

Abstract 

Novice physics students struggle with physics word problems. As there is a general pedagogical 

push for strengthening literacy in all content areas in secondary education, the investigators 

proposed a modified literacy strategy, color-coded selective highlighting, to assist students with 

physics word problems found in an introductory physics course. All investigators teach within 

the modeling instruction pedagogy and were looking for a way to encourage students to use 

evidence-based reasoning while also providing a method that students could use to interpret the 

information within the word problem. The purpose of this study is to determine the effectiveness 

of the color-coding selective highlighting strategy on the problem-solving abilities of selected 

ninth and eleventh grade students taking modeling instruction physics classes in Arizona. The 

results indicate that the treatment had benefits across the spectrum of students in the treatment. 

There are small effects on the problem-solving abilities, but the study did not have a large 

enough sample size to determine those effects with confidence. However, the results did provide 

the investigators some insights into how their students perceive problem-solving over the course 

of the year-long investigation. The color-coding highlighting treatment has promise for future 

use as a tool to help students struggling with the reading comprehension skill of problem-

solving.
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Introduction and Rationale 

What are the effects of implementing a system of analyzing word problems using strategic 

color-coding with highlighters on success in word problems, comprehension, and confidence in 

physics students? 

Secondary students struggle with word problems in math and physics. (Sartika & 

Humairah, 2018). While there exist several methods to support students in problem solving, most 

of the skills cannot be transferred to other content areas easily. In the experience of the 

Investigators, many secondary teachers agree that the overall goal of education is to provide 

students with the skills and strategies to succeed in life and open up worlds of opportunities to 

them. Typical physics and math problem-solving methods relate very little to the immense skills 

required of general problem solving. One way to bridge the gap between physics and general 

problem solving might be through literacy strategies that aim at comprehension of various texts. 

The method in this action research project was to teach a modified version of a literacy strategy 

referred to as selective highlighting to help students with physics word problems. The goal of the 

strategy was to support not only students’ immediate physics problem-solving needs, but also to 

grow in their own general problem-solving abilities. The investigators expected to help students 

decode physics problems with specific color coding of kinematics variables so that those 

students could more easily translate and organize the text of a physics problem into an 

identifiable and solvable exercise. Two noteworthy components of problem solving are 

confidence in the process, and persistence in the task. As all too often, students without a starting 

point tend to have low confidence and low persistence. A pre- and post-survey measured student 
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confidence before and after the treatment. Specific capstone problems from each unit of 

kinematics scored with an objective rubric captured how well students approached and persisted 

over time with those types of physics word problems. The investigators hoped to observe 

students continue to use the strategy in the Dynamics Unit as well. As a measure of relatability, 

the pre- and post-test scores of the research-based Force Concept Inventory (FCI) (Wells et al., 

1995) measured students’ success with mechanics overall. The goal of this research was to 

provide a system in which students could improve and gain confidence in their physics problem-

solving skills, as well as reinforce the conceptual understanding that effective modeling 

instruction provides so well. 

Literature Review 

Physics teachers encounter many obstacles to the success of their students. One of the 

primary obstacles is conceptual understanding, and for that modeling instruction is invaluable 

(Wells et al., 1995). All too often, however, physics teachers find themselves not just working to 

remedy incomplete or flawed conceptual preconceptions, but also to help students to refine more 

fundamental problem-solving skills (Bhaskara Reddy & Panacharoensawad, 2017). Sometimes, 

the problem-solving process is even lost in modeling instruction. Indeed, “in Modeling 

Instruction, problem solving is secondary to modeling because students are required to justify 

their conclusions using an explicit model in both problem solving and laboratory activities” 

(Heflin et al., 2012; Wells et al., 1995). Students with weak abstract reasoning skills will have 

difficulty with situations presented to them that require deeper insights and understanding, rather 

than rote memorization of facts and procedures (Arons, 1997, 365).  
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Problem solving is defined as “a way to implement knowledge that was previously 

acquired into a brand new different situation” (Sartika & Humairah, 2018, 2). The definition of a 

physics problem is a “specific and well defined task” that presents “a situation in which certain 

information is given, most often as numerical values for variables in the situation, and the value 

of one of the other possible variables is to be determined” (Maloney, 1994, 327). In the 

experience of this team of researchers, one area of struggle students face is in correctly 

identifying and understanding known and unknown quantities in physics word problems. 

Numerous literature shows that the ability to define variables is an essential problem-solving 

skill. Adams and Wieman (2015) identify forty-four sub-skills needed in problem solving. 

Among them are the ability to acquire information the “first time through” and the ability to 

“throw out useless information” (Adams & Wieman, 2015). Others (Teodorescu et al., 2013; 

Malone, 2006; Heller et al., 1992), while not going so far as to identify as many subskills, stress 

the need to correctly identify variables. Commonly, after correctly identifying the variables, 

students need to create a diagram to represent their problem. (Teodorescu, et al., 2013). If 

students are unable to correctly identify variables, their ability to construct diagrams and proceed 

with the physics problem is, in most cases, completely destroyed. On the other hand, training our 

students to ask, “What is the unknown? What are the data? What is the condition?” (Polya, 2004) 

will put them on the road to success. Finegold & Mass (1985 as cited by Malone, 2006) found 

that good problem solvers tend to spend more time on translating a problem statement and 

planning their solutions. Any method used in problem solving should help in the translation of a 

problem into a mathematical solution. Therefore, the ability to correctly identify variables will 

allow students to effectively translate variables and become good physics problem solvers. 
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In modeling instruction, teachers get students involved in discussion defending their 

process and claims with questions like “How do you know… Why do we believe… What is the 

evidence for…?” (Arons, 1997, 354). This is also where a literacy strategy could make it easier 

for the students to identify evidence in a given text of a physics problem. Modeling instruction is 

a research-based student-centered approach that gives ample opportunities for cognitive 

development while learning science concepts. Hestenes, in his 1997 article, discusses the 

modeling cycle which starts with students approaching a physical situation with misconceptions. 

Then through modeling instruction, teachers help students identify the key properties of the 

system, and investigate possible relationships between those properties in the hopes of getting rid 

of those misconceptions and developing a general rule or model that can be applied to other 

situations. During deployment of the model, the students will come across a situation where the 

current model fails. The process starts again in the effort to define a model that might satisfy 

both previous and new situations. Arons, one of the pioneers of physics education research, 

strongly believes in modeling’s “idea first and name afterwards”. He argues that “scientific terms 

acquire meaning only through the description of shared experience in words of prior definition... 

[Students] begin to recognize, on their own, when they do not understand the meaning of a 

term”. Students at the secondary level often lack certain skills required to make sense of physics 

concepts. Arons suggests that students need exercises aimed at helping them “close the gaps'' by 

weaving such exercises into content over the entire course. These skills often rely on operational 

definitions - the process through which a numerical answer is obtained for a quantity, say like 

area. Arons also emphasizes the need to interpret situations verbally, rather than seeking the 

procedure or formula to answer the question. This would mean that students should be able to 

describe the meaning of a quantity rather than just give its name. (Arons, 1997) There is 
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difficulty in verbalizing an equation, for example, as well as in the ability to describe the 

meaning of a scientific term, like velocity. The investigators propose that by combining a literacy 

strategy with the modeling instructional approach, they expect to grow students’ abilities to 

comprehend physics as well as their problem-solving skills in physics word problems.  

Selective highlighting is a literacy strategy that directs students to locate specific key 

items like vocabulary and facts with a highlighter or pencil (Jones, 2006). Jones goes on to 

discuss how students can link specific types of information to specific colors which helps 

students further solidify relationships within the text. Selective highlighting is a literacy skill that 

can help with problem solving. It allows students to apply a skill they may already be using in 

other classes such as English or Social Studies in a new context (Santa & Havens, 2012). The 

color-coding method has been used before; however, the investigators introduced it in a uniform 

way that the entire classroom could participate in. Research in neuroscience shows that utilizing 

colors to focus ideas results in higher retention of information (Skulmowski & Rey, 2018). There 

are instances in one’s everyday life that one relies on color to define objects in one’s 

environment. (Hsu et al., 2011). By extending this idea to problem solving, a well-defined 

mechanism that already exists in a student’s natural thought process can be utilized in the 

classroom. In an experiment done (Skulmowski & Rey, 2018) there was a connection between 

color knowledge retrieval and color perception. Using this information, the common variables 

used in physics problem solving can be associated with color perception and support knowledge 

retrieval of the specific equations. Skulmowski and Rey warn that color coding can lower 

retention when paired with low detail models. Since modeling instruction focuses on concepts 

and models with high detail, the investigators expected that color coding should aid in high 

comprehension in problem solving.  
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Literacy in education has been a focus in the United States since the late twentieth 

century due to several factors (Snow, 2002, xi). Those factors include the gaps in performance of 

US students in comparison to students in other countries, as well as in comparison of different 

demographic groups within the US. Project CRISS (CReating Independence through Student-

owned Strategies) offers research-based metacognitive strategies (Santa & Havens, 2012), 

including selective highlighting, that have been shown to improve comprehension in students 

(What Works Clearinghouse, 2010). This strategy should employ a similar approach in planning 

the treatment implementation. The strategy of selective highlighting was chosen to help students 

with problem solving. Selective highlighting along with marginal notes are “critical tools for 

understanding and transferring information” (Santa & Havens, 2012). Students must be careful 

with highlighting as often students will highlight too much with little to no transfer of 

information. Students need to take time before highlighting to read the question to determine the 

goal (Santa & Havens, 2012). To teach highlighting to support problem solving, the teacher 

should introduce students to the purpose of using multiple colors in problem solving. The teacher 

will model the color-coding and note taking process to the students multiple times, introducing 

the idea of color-coding early on so it naturally evolves into the full strategy. As part of the 

modeling, the teacher demonstrates using a think-aloud protocol (Santa & Havens, 2012). The 

teacher will use technology or whiteboard manipulatives to identify key words with the 

appropriate color, writing down the variables identified as the demonstration continues. It is 

imperative that the procedure builds naturally and is not an extra cognitive load on the student, 

which can hamper a student’s performance (de Jong, 2010, 105). Tools such as selective 

highlighting, which improve students comprehension, can improve a student’s self-efficacy 

which leads to better persistence in problem solving, better outcomes in the classroom, and 
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greater success in life (Dweck & Leggett, 1988; Dweck et al., 2014). It is important to note that 

prior research finds that “problem-solving gains from a given type of scaffolding are small and 

difficult to measure” (National Research Council, 2012, 90). 

Method 

Students were taught a specially developed highlighting method involving specific colors 

assigned to specific variables. Over the course of the three modeling kinematics units, 

approximately four weeks of instruction, students in the investigation groups were required to 

highlight specific data corresponding to constant velocity motion, uniform acceleration, and two-

dimensional motion. Capstone problems were collected at the end of each unit for analysis 

regarding the effectiveness of highlighting in correctly solving physics problems. In the force 

units, the investigators no longer required students to use the method. However, the investigators 

still collected a capstone problem from each of the two units. The investigators analyzed these 

problems, looking for any transfer of the highlighting method or associated skills to the new 

concept. Pre- and Post-FCI scores were collected and compared to each other. Finally, students 

completed pre- and post-surveys to show their comfort level in using selective highlighting and 

their confidence in problem solving.  

Investigators and Subjects in Experimental Treatment Group 

Investigator 1 

Investigator 1 works at a private diocesan high school in Phoenix, Arizona. The 

enrollment is about 480 students, of which 75% are Hispanic, 11% are Alaskan/Native 
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American, 6% are non-Hispanic Caucasian, 6% are African-American, and 2 % are Asian. 43% 

of students qualify for free and reduced lunch. Investigator 1 has four years of teaching 

experience across chemistry, geometry, and physics. 

Investigator 2 

Investigator 2 works at a public high school in Mesa, Arizona. The enrollment is around 

3400 students, of which 64% is Hispanic, 26% is White, 4% is Black, 2% is American 

Indian/Alaska Native, 1% is Asian, 1% is Native Hawaiian/Pacific Islander, and 1% identify as 

more than one race. 62% of the student population qualify for free or reduced lunch. Investigator 

2 has three years of teaching experience teaching physics and freshmen general science. 

Investigator 3 

Investigator 3 works at a unique private school in Tucson, Arizona. Most students work 

at an entry level position at corporate partners throughout the Tucson area five days a month 

(depending on the age of the student and the availability of job placements). All students are 

expected to have an internship throughout high school. Families of students that attend must 

qualify to receive Title 1 funding at some level. The family pays tuition on a sliding scale, with 

most of the tuition costs covered by donations, tax credits, and income from the corporate work 

study program. The enrollment is around 380 students of which 89% of students are Hispanic, 

4% are White, 4% are Native Americans, 2% are Black, and 1% are Asian. The average 

household income of the students is approximately $32,000. Investigator 3 is a certified teacher 

in mathematics and physics for fourteen years and is teaching conceptual physics as a required 

course to all freshmen at the school. 
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Subjects 

Treatment Group 1 were students of Investigator 1. Treatment Group 1 was composed of 

18 honors-level eleventh-grade Physics (10 male, 8 female) students using the modeling method. 

These students came from two different class sections. Physics is a required course at 

Investigator 1’s school. 

Treatment Group 2 were students of Investigator 2 composed of seventeen female 

students and sixteen male students in General Physics and ten students (6 female, 4 male)  in AP 

Physics 1. Physics is an optional course at Investigator 2’s school. 

Treatment Group 3 were students of Investigator 3’s Conceptual Physics course that are 

made up of thirty male and forty-five female ninth-grade students using the modeling method. 

Conceptual Physics is a required course for all freshmen at Investigator 3’s school. 

Comparison Group A was composed of twenty eight junior physics students, eleven 

female and seventeen male, at Foothill High School in Bakersfield, California. The high school 

serves approximately 2,100 students. The student body is 90% Hispanic, 6% White, 3% Black, 

1% Asian, 0.4% American Indian/Alaska Native, 0.3 % Two or More Races, and 0.2% Native 

Hawaiian/Pacific Islander. 86% of the student body is economically disadvantaged, and 78% 

qualify for the Free Lunch Program (How Does Foothill High Rank Among America's Best High 

Schools?, n.d.). The students were taught using standard non-modeling physics instruction. The 

students came from three different sections (one honors, two non-honors) taught by the same 

teacher. 

Comparison Group B was composed of 26 non-honors junior physics students (11 male, 

15 female) at the same school as Investigator 1, but with a different teacher. The students come 

from four different sections taught by the same teacher. The students were taught using modeling 
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physics instruction. The instructor from Comparison Group B was introduced to modeling 

instruction previously by Investigator 1. 

Procedure for Treatment 

Permission 

The investigators obtained written permission from students and their respective 

guardians in both the investigation and Comparison Groups. Permission forms were distributed 

at the beginning of the school year and re-distributed by request. The completed forms were 

stored in a locked cabinet in our respective classrooms. All students in the investigators' 

classrooms received the same classroom experience, regardless of inclusion in the study. No 

students/parents who declined to give permission were included in the study. All identifiable 

student information was removed from stored work prior to inclusion in this paper. 

Pretesting of Student Abilities 

Students took the Force Concept Inventory, as well as a self-evaluation survey on 

problem-solving skills. These measures helped to compare relative abilities across all groups. 

Treatment Sequence 

● Pre-FCI/Pre-Survey 

● Unit 1: Front Matter (introduction to scientific method etc.) 

● Unit 2: Constant Velocity Model Unit Test/Capstone Problem 1 
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● Unit 3: Uniform Acceleration Model Unit Test/Capstone Problem 2 

● Unit 6: 2-D Motion Unit Test/Capstone Problem 3 

● Unit 4: Free Particle Model Unit Test/Capstone Problem 4 

● Unit 5: Net Force Model (optional part of the treatment)/Capstone Problem 5 

● Post-FCI/Post-Survey 

Average time spent per unit is four weeks. This time varied by teacher, teaching method, 

and grade level.  

Treatment 

The treatment included instructing the Treatment Group students to use a selective-

highlighting strategy that involved specific colors assigned to specific variables (see Appendix 

B) when working on word problems. In the kinematics units, students were required to use the 

kinematics color scheme on all word problems. Investigators recommended the given color 

scheme for the forces unit, but color-coding was not required of the students. As a suggested 

extension to the previous strategies, the investigators generated a color scheme for the energy 

unit, however no student data was collected from the energy unit. The investigators also created 

a large poster and hung it prominently in their room to remind students of the color coding key 

(see Appendix B). 

In the context of a normal physics class, investigators modeled effective highlighting in 

problem solving on the board and in group exercises. During kinematics units, the investigators 

emphasized the use of highlighting techniques during individual student work and small group 

work on worksheets. Highlighting was required on all worksheets, quizzes, and tests. In Units 4 

and 5, the investigators continued to model selective highlighting in example problems and 
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provided guidance and encouragement to students using selective highlighting, but did not 

require selective highlighting from the class as a whole.  

Capstone problems were collected as data on the effectiveness of highlighting in correctly 

solving physics problems. Investigator 3 modified capstone problems to exclude trigonometric 

methods to be at an appropriate level for the freshmen students. Scores from the capstone 

problems gave specific insight into the ability of the student to both apply the selective 

highlighting treatment and solve the problem accurately. One capstone problem was collected 

from each Forces unit, and was analyzed to what extent students continued to use highlighting, 

and whether they used the given system, used their own system, or didn't use a strategy at all. 

Pre- and Post-FCI scores were collected and compared to each other. Finally, students completed 

pre- and post-surveys to show their comfort level in using selective highlighting and their 

confidence in problem solving.  

Deviations from Proposal 

Due to scope and sequence complications, the following deviations from the proposed 

treatment occurred: 

● Treatment Group 1 only received 10 minutes, normal time given is 20 minutes, for 

Capstone Problem 2 

● Treatment Group 2 did not complete the post-survey. 

● Treatment Group 3 did not complete Capstone Problems 3 and 4. 

● Comparison Group A did not complete any pre- or post-surveys and Capstone 

Problem 5 
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● Comparison Group B did not complete any pre- or post-surveys or Capstone 

Problems 1 and 3. 

● The investigators had to revise the original version of Capstone Problem 5 since it 

required excessive trigonometry and systems of equations to solve. Some of the 

instructors administered the original version by accident. Thus, Problem 5 was 

excluded from the data analysis except to track continued highlighting usage.  

● The investigators were unable to secure the participation of a third comparison group. 

Treatment in Investigator 1’s Classroom 

The students who elected to participate in the data collection from Investigator 1’s classes 

were exclusively juniors, but one period did have a sophomore student. Many of the students in 

these periods were included in the honor roll for their grade level. Students were taught using 

standard modeling instruction techniques. In a normal school week, students met for physics 

every day, for three 45-minute periods, 1 40-minute period, and 1 35-minute period. Upon the 

introduction of word problems (usually worksheet 3 in each modeling unit), students were 

introduced to the relevant highlighting colors. Investigator 1 modeled the use of highlighters 

using at various times the highlighters on Microsoft Whiteboard and colored Expo markers. As 

students presented problems during whiteboard meetings, Investigator 1 questioned students as 

to which highlighters they would use to highlight various data. Students were generally able to 

describe which data would be highlighted in a problem during class discussion. Students were 

instructed and encouraged to use highlighting on all word problems, whether on worksheets or 

tests, for Units 2, 3, and 6 of modeling instruction (constant velocity, uniform acceleration, and 

parabolic motion.) The capstone problem was administered either immediately before or 
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immediately after the unit test. Students in Treatment Group 1 were strongly encouraged to 

purchase their own highlighter set. Investigator 1 did have several sets of highlighters available 

in his classroom for student use, although not enough for each student to have their own. Due to 

a scheduling error, students in Treatment Group 1 only received ten minutes to complete the 

Capstone Problem for Unit 3 (uniform acceleration). Students worked with no time constraints 

other than the end of class on the remaining problems. Investigator 1 took three weeks of 

paternity leave in October during the Parabolic Motion Unit and had a long-term substitute 

teacher in his classroom. Students were encouraged to use highlighting by the substitute teacher, 

but since the substitute was not familiar with highlighting, many students grew lax in their use of 

highlighting. Units 4 and 5 (Free-Particle Model and Net Force Model) were completed 

following Investigator 1’s return from paternity leave, and all units included in the study were 

completed by the end of January. During Unit 4 and 5, the investigator continued to model 

highlighting practices but instructed students to use highlighting “if it is helpful.” 

Completion dates for each unit:  

● Permission slips and pre-survey: 8/13/21 

● Pre-FCI: 8/16/22 

● Unit 2 (constant velocity): 9/14/21 

● Unit 3 (uniform acceleration): 10/7/21 

● Unit 6 (parabolic motion): 11/11/21 

● Unit 4 (free particle): 1/7/22 

● Unit 5 (net forces): 1/31/22 

● Post-FCI: 2/7/22 

● Post-Survey: 2/7/22 
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Over the course of the year, Investigator 1 noticed that the majority of students in his 

classroom were unlikely to use the prescribed highlighting method unless directly instructed to. 

Some students expressed a great deal of comfort with the highlighting system, but many 

downplayed it as a waste of time or too confusing. Several students substituted colors while 

highlighting because their sets were missing a color. Others simply did not use highlighters 

because they had not bought a set, and did not want to wait for a class set to become available.  

Figure 1 Confidence Level and Likelihood to Continue Highlighting for Treatment Group 1 

 
Figure 1: Likert Scale 1 to 5 where a rating of 1 is Very Unconfident and Very Unlikely to Continue. Nine of the 
seventeen students (53%) reported that they were no more likely than “neutral” to continue using the treatment, and 
only one was “very likely.” Nine of seventeen students (53%) reported that their confidence was not affected 
positively, with two students reporting that they were less confident after the treatment. Eight students (47%) 
reported an increase in confidence. One student did not answer either question; the entire back side of his survey 
was blank. 
 
One student did express an interest in a system which did not involve colors, since she had a 

visual impairment, but was more comfortable using some quasi-system of her own choosing than 

one provided for her. Students made various levels of use of the highlighting method on their 

unit tests for each unit in which highlighting was taught. Various annotating behaviors such as 
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underlining, circling, and boxing important information, continued throughout the remaining 

units (energy, electrostatics, and circuits). However, no students developed a full-fledged 

highlighting system on their own. On the post-survey, Treatment Group 1 students could best be 

described as ambivalent. Few students were openly hostile to the treatment, but a majority did 

not think they would implement this system or one of their own in the future (see Figure 1). 

Nevertheless, the treatment does appear to have had some beneficial effect on Treatment 

Group 1. Treatment Group 1 students in general show a consistency of score (see Figure 2) on 

the capstone problem over the course of the year. Capstone Problem 2 is a significantly lower 

score due to time constraints on the student. Treatment Group 1 students display persistence in 

their work on the capstone problems, even if they are not fully accurate in the solution. That is, 

Treatment Group 1 Students worked (and showed their work)  until they had achieved an answer 

to the question, even if it was incorrect. Further, students indicated 24 instances of techniques 

used to solve word problems on the post-survey, compared with only 13 on the pre-survey. 

Figure 2 Average Scores on Capstone Problems by Treatment Group 1 
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Figure 2: Average scores on capstone problems were fairly consistent for Treatment Group 1. Capstone Problem 2 
was lower, probably due to students having less time to solve that problem than the rest. 
 

Treatment in Investigator 2’s Classroom 

Students in Treatment Group 2 were students of Mesa High School and were all taught 

by Investigator 2, who is the only physics teacher at Mesa High School and uses modeling 

instruction for the General Physics class, and for the Advanced Placement Physics 1 class a 

modeling approach supplemented with instruction from College Board, the organization 

responsible for the advanced placement test, is used. Treatment Group 2 was made up of twenty-

three females and twenty males. There was one freshman, one sophomore, twenty-eight juniors, 

and thirteen seniors. Physics is not a required class at Mesa High School, and enrollment has 

dropped since the COVID-19 pandemic. During the 2019-2020 there were eight sections of 

physics, and in the 2021-2022 school year, that was reduced to four total sections. The General 

Physics course followed the traditional modeling curriculum. Starting with a unit of Scientific 

Methods, then moving into 3 sections of Kinematics, Constant Velocity, Constant Acceleration, 

and Projectile Motion, then finishing with Forces. The Forces Unit was separated into Statics and 

Dynamics. All students in Group 2 were provided laptops by the school, and most work was 

done in class using the laptop. Every desk had community highlighters that the investigating 

teacher provided the students. The provided highlighters were used for occasional worksheets 

done on paper, notes taken in class, quizzes, or tests. Students were required to highlight 

according to the metric provided for the three kinematic units, however they were not required to 

highlight during the Forces Unit. A poster with all variables and the corresponding colors was 

posted in the front of the classroom. In addition to the practice problems being modeled with the 

correct color, the kinematic equations posted at the front of the class and provided to students for 
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tests were appropriately color-coded.  During the Forces Unit, a new metric was provided, and 

the highlighters were still available for use. Investigator 2 modeled the color-coding strategy 

while solving all problems, including Forces, during instruction, and when students needed 

assistance, color-coding was the first step in solving the problem. This continued even when 

students were no longer required to color-code.  

Not all students completed all assessments. Due to the COVID-19 mitigation strategies in 

place, students were required to miss large amounts of school and complete their work 

asynchronously if they or someone in their home received a positive COVID-19 test. As a result, 

they were not always present for modeling of the color coding strategies and missed 

opportunities to complete the capstone problems or surveys.  

● Pre Force Concept Inventory-  08/03/21 

● Pre-Survey- 09/02/21 

● Capstone Problem 1- 9/22/21 

● Capstone Problem 2-10/13/21 

● Capstone Problem 3-11/01/21 

● Capstone Problem 4- 12/01/21 

● Capstone Problem 5 - 12/15/21 

● Post Force Concept Inventory- 04/21/22 

The Post-FCI test was administered after mechanics was taught to students at all levels. 

The students in General Physics had started a unit on Electricity and had previously finished the 

last unit on mechanics. The Capstone Problems were distributed after all content for that 

particular unit was provided, and was given to the general students and AP students. The General 

Physics class did have a shortened version of dynamic forces, due to scheduling conflicts. 
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Figure 3 Distribution of Raw FCI Scores for Treatment Group 2 

 

Figure 3: Shows the distribution of FCI scores for the Pre- and Post-FCI scores. The average went from a 8.48 on 
the Pre-FCI to a 11.8 on the Post-FCI. The Post-FCI was given in April. 
  

Figure 4 shows the total score compared to the highlighter scores for each problem. The 

treatment group scored higher than the comparison groups in Problem 1; that trend did not hold. 

The students did highlight when they were required to, and there was a steep drop off in 

highlighting, two-thirds of students, when it was no longer required. Capstone Problem 5 

administered to Treatment Group 2 was the original problem, and not the same given to 

Treatment Group 1 and Comparison Group B. The Capstone Problem 5 assigned to Treatment 

Group 2 needed a system of equations to solve, and no student scored better than 80. Treatment 

Group 2 scored significantly better on problems 1 and 3 than the Comparison Groups, and scored 

similarly on problems 2 and 4. Problem 5 was scored lower, however the problem was 

significantly more difficult, see Appendix A. 
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Figure 4 Capstone Problem Scores and Highlighting Results 

 

Figure 4: The highlighting scores did not correlate with problem scores. Highlighting scores for problems 1, 2, and 3 
were consistent, and dropped significantly for problems 4 and 5. Highlighting was still presented but not required 
for problems 4 and 5. 
 

Treatment in Investigator 3’s Classroom 

 Although the curriculum was similar to what the investigator used before, he still had to 

make adjustments to worksheets and experiences to align to the freshmen level, and go in a 

different sequence. Class size on average was twenty students, and class met three to four times a 

week for fifty five minutes. Once treatment had begun, the investigator provided students with a 

class set of highlighters in a small divided container at each of the six grouped tables. The table-

groups included three to four masked students sitting approximately six feet apart due to the 

health policy at the time. The investigator put out relevant colors for each unit as the lessons 

progressed, even introducing a color in the middle of class when necessary. As a side note, 
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purple highlighters were hard to find in bulk. Grading included a score for highlighting work in 

quizzes and tests since it was part of the class routine. The investigator used a modified 

standards-based grading method as a more holistic approach to grading quizzes and tests. 

Students were allowed to retake quizzes if they made corrections to the original and scheduled a 

retake. However, many students did not take the time to complete that opportunity.  

Investigator 3 introduced the highlighting strategy as soon as the constant velocity 

variables were introduced after the paradigm lab. One of the discoveries made by the investigator 

was that students had a hard time seeing compound units like “m/s” as velocity units and would 

highlight the fraction two colors. Another observation that he noticed was that students would 

refer to velocity units as “em-esses” phonetically, not pronouncing the slash as “per” or “for 

each.” From the beginning the investigating teacher treated units as a standard to be graded along 

with the other concepts. The investigator spent several class periods practicing the strategy with 

the students - having the students highlight a problem live with a screen-shared iPad. The 

investigator made several videos showing how to highlight and solve problems so that students 

could go back and watch them as needed. A link to one is included in Appendix D. In addition to 

highlighting, the teacher illustrated a technique to help struggling students using tabulated 

motion tables emphasized in the Spiral Physics curriculum (D’Alessandris, 2007, I-13). Students 

would make an array of horizontal color stripes for the common variables starting with pink, 

yellow, green, and finally purple in the space where the problem could be solved. Then the 

students would search for the variables in the problem text that fit in each color coded section 

arranged in event order. Often, students would go back and fill in the unknown values after 

completing the problem. In general, students seemed to appreciate the access to the highlighters 
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in class, but often did not have their own at home, which made the investigator think that other 

marking tools like colored pencils would be acceptable replacements in future studies.  

COVID protocols in place at the school required students to remain absent for extended 

periods of time if exposed to anyone testing positive with COVID. In addition, the behaviors in 

the class indicated a lower level of maturity than usual possibly due to the lack of social 

interaction the prior year due to school closures during the pandemic (Kurtz, 2022). Both of 

these factors made it difficult for the investigator as an usually large number of students would 

be absent, missing labs and subsequent discussions. Students took longer to learn to be self-

advocating than usual and students would not consistently follow up on that missed work. 

Keeping track of which students experienced what aspect of the units proved to be challenging. 

The investigator’s first priority was to keep the class running and some of the treatment was 

completed out of order.  

Timeline of the data collection: 

● Pre-FCI completed by all students (regardless of permission as that is a diagnostic given 

every year by the investigator): 8/6/21 

● Capstone Problem 1 accidentally given as homework with the review sheet due on 

10/19/21. Realizing this mistake, the investigator marked problems that students 

completed without highlighting, then gave time during class for the students to complete 

the problem with highlighters available. As a result, students that previously worked out 

the problem before class, but then highlighted afterwards were counted as “not 

highlighted.” 

● Unit 2: Constant Velocity Model Unit Test 10/25/21 

● Pre-Survey given 10/27/21 out of sequence due to mistake in scheduling. 
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● Capstone Problem 2 given in class 12/3/21 

● Unit 3: Uniform Acceleration Model Unit Test given 12/6/21  

● Unit 5: Net Force Model Capstone Problem 5 given 4/6/22 

● Post-FCI 4/12/22 

● Post-Survey given 5/23/22 

The first semester was mostly kinematics. The second semester started with the forces 

unit, which inherently had significantly fewer variables to highlight at first so the highlighters 

remained stored for a while. The pace of the class was significantly slower than prior years. 

Since the heavy use of algebra in the Net Force Unit made it particularly challenging for the 

teacher, he looked for a method similar to the tabular format of Spiral Physics and found “force 

tables” (Hayes, 2013). Students constructed tables that kept track of horizontal and vertical 

components in the same table. An example of a problem completed in this format is included in 

Appendix D. The teacher noticed that highlighting, though still emphasized but not graded, 

decreased in the force units. It is also worth noting that the color-coded variables were not as 

numerous in the word problems as kinematics problems. The variables most often found in the 

word problems were mass, velocity, and acceleration. The investigator thinks that different color 

coding could be used in the future to perhaps emphasize the different types of forces instead and 

make the distinction between mass and weight. 

The investigating teacher administered the Post-FCI after the unit test for Unit 5, but 

before the results of the unit test were known. The students did poorly on the Unit 5 test and the 

investigating teacher felt the need to re-teach particular aspects. It is no surprise that the students 

did poorly on the Post-FCI as they were still struggling with the concepts. Another factor that 

may have contributed is that some of the concepts like circular motion did not get taught due to 
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time limits. The average score on the Pre-FCI was 27.7% and the average score on the Post-FCI 

was 29.0% (Figure 4). With the timing of the administration of the Post-FCI considered as stated 

above, this result is not surprising, though disappointing for the investigator. Students were 

generally favorable towards the highlighting method as suggested by their survey results with 

60% of the students likely or very likely to continue using the treatment method. 7% reported 

that they were not likely to continue using the method and the rest remained neutral. Interestingly 

enough, no students reported that they were not confident to create their own method in the 

future (Figure 5). Students wrote statements about what skills they have to approach word 

problems on the pre- and post-survey. From these, the investigator coded the responses into 

several categories based on the forty-four sub skills identified by Adams & Wieman (2015). An 

example of students’ written responses and how they were coded are in Table 1. The results of 

those findings are below as well (Table 2). The fact that more students reported higher order 

thinking skills than before indicates that the students made some growth (at least in identifying) 

in their problem-solving skill set. The students also self-reported that they had more skills to deal 

with general word problem-solving on the survey than in the past. 
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Figure 5 Treatment Group 3 Pre- and Post-FCI Scores 

 
Figure 5: Values include only students that completed both tests (n=71). Error calculated for the Pre-FCI test was 
±1% and for the Post-FCI was ±1.5%. 

 

Figure 6 Treatment Group 3 Survey Results on the Highlighting Strategy 

 
Figure 6: Students were asked on the survey how likely they would continue using the highlighting strategy as 
taught. They were also asked if they felt confident in creating their own highlighting method for problem solving. 
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Table 1 Examples of Students’ Transcribed Responses and the Resulting Coding 

Student Response Coded 

“I would look over the story to see if they 
have any hints within the words asking to 
either add, subtract, multiply, etc.” 

Cues, Reread 

“I highlight the numbers and the main 
question and important details” 

Look at Numbers, Chunking, Selective 
Highlighting 

Table 1: Investigators coded each response individually, and cross referenced with fellow investigators to ensure 
coding was consistent across the study. 
 
 
Table 2 Group 3 Results of Qualitative Analysis on Survey Responses on Both Surveys 
 

Skills Pre-Survey (n=74) Post-Survey (n=73) 

None 51% 34% 

Look for Numbers 11% 14% 

Reread 9% 7% 

Refer to Notes 1% 1% 

Cues 4% 11% 

Look at Units 3% 1% 

Keywords 9% 4% 

Selective Highlighting 12% 23% 

Chunking 4% 18% 

Throw Out Useless Info 3% 3% 

Make a Plan 5% 19% 
 

Table 2: Student responses to two questions on the surveys compared before the treatment and after the treatment. 
The skills are organized from lower to higher order of thinking. 
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Comparison Groups 

Investigator 1 served as the point of contact between the investigators and the teachers of 

the Comparison Groups. He provided the teachers with digital copies of the capstone problems 

and maintained email contact and face-to-face meetings with both teachers over the course of the 

year. The teachers of the Comparison Groups were requested to administer the capstone 

problems whenever they deemed that their students were (or should be) competent to solve them, 

preferably around the time of the unit test. Due to various factors including pacing and timing of 

class, neither Comparison Group was able to complete all of the capstone problems. Comparison 

Group A did not complete Capstone Problem 5. Comparison Group B did not complete Capstone 

Problems 1 and 3. Comparison Group B completed Capstone Problems 4 and 5 in May after a 

substantially longer amount of time studying forces than any of the other groups.  

Although some students in Comparison Group A made use of various annotating 

techniques such as underlining or circling, such behaviors were not widespread throughout the 

Comparison Group. In earlier problems, Comparison Group A students set up a fairly uniform 

table of data, suggesting that they were following an approved method of organizing data taught 

by their instructor. As the year progressed, however, students in Comparison Group A saw their 

problem-solving scores drop significantly, while Treatment Group B students saw their problems 

scores stay more uniform. This suggests that consistently requiring students to follow a method 

of interpreting and extracting data from word problems leads to greater success in solving the 

problems.  
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Data Collection 

This study collected both quantitative and qualitative data. The quantitative data collected 

were Pre- and Post-FCI scores, student test grades from each of the relevant units, and the 

student capstone problems. The qualitative data collected were pre- and post-surveys from the 

students in the Treatment Groups. Average scores from each problem were compared. 

The capstone problems were assigned two scores, one for highlighting and one for 

problem accuracy. Highlighting scores were assigned as follows: a 2 was given for correctly 

highlighted according to the rubric, 1 point for some highlighting, but not fully correct according 

to the rubric, and 0 points for no highlighting. Students were assigned an accuracy score using a 

rubric derived, with significant modifications, from the MAUVE rubric (Hill, 2016). The 

MAUVE score breaks down the problem into five categories: magnitude of the answer, 

correctness of answer, units, variable substitution, and correct use of the equation. There are 

eleven rubric parts in the original MAUVE, with varying degrees of weighting for a total of 

100%. The MAUVE rubric allowed us to score specific parts of the problem without prejudice 

and weight the overall grade to focus on how to set up the problem, instead of focusing solely on 

the correct answer. The final rubric that was used focused on the same categories, but reduced 

the parts from eleven to six (Table 3).  

The benefit of this scoring rubric was to more accurately depict if the students were using 

color-coding to help solve the problem. Weighting the set up of the correct equation, or a sketch 

visually representing the problem, as the highest percentage of score allowed for a student’s 

comprehension of the problem to be emphasized. According to the revised rubric, in order to 

receive 60% or higher, a student must include the correct physics equation or sketch of the 

problem, showing a correct framing of the problem. Students were unaware of the rubric before 
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solving the capstone problems. The aggregate problem scoring data is reported in Figure 7 and 

Table 4 below.  

Table 3 Modified MAUVE Rubric for Scoring Capstone Problems 
M A U V E  

Correct Order 
of Magnitude 

Correct 
Directional 

Sign 
Correct 
Answer 

Correct Units 
of Answers 

Substitution of 
Variables 

Correct 
Equation or 

Sketch Total Score 

5% 5% 10% 20% 20% 40% 100% 
 

Table 3: Investigators scored independent parts of the problem and reported the average. 
 

 

Figure 7 Mean Problem Scores by Group 

 

Figure 7: Bar chart showing mean Capstone Problem score for each problem disaggregated by Group. Groups that 
did not complete a particular Capstone Problem are indicated with an “x” 
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Table 4 Statistics of Capstone Problem Scores By Problem By Groups 
 

 Capstone Problem 1 Capstone Problem 2 Capstone Problem 3 Capstone Problem 4 Capstone Problem 5 

Group x� med s n x� med s n x� med s n x� med s n x� med s n 

1 57.8 60.0 27.6 (18) 38.6 35.0 18.2 (18) 50.1 51.3 30.6 (18) 57.2 57.5 27.0 (16) 52.5 47.5 28.7 (18) 

2 91.8 100.0 13.3 (30) 54.6 50.0 22.6 (41) 44.3 45.0 27.9 (41) 51.5 50.0 35.2 (41) 38.7 40.0 23.3 (41) 

3 67.8 80.0 37.6 (49) 66.0 65.0 21.8 (47)    ()    () 64.3 66.7 22.7 (71) 

TG 73.4 80.0 32.6 (97) 56.9 56.3 23.5 (106) 46.1 47.5 28.6 (59) 53.1 50.0 33.0 (57) 54.6 54.2 26.3 (130) 

F(T) 67.8 80.0 35.9 (53) 58.3 65.0 24.2 (57) 54.0 50.0 26.3 (29) 46.4 43.8 33.9 (28) 56.0 55.0 25.4 (73) 

M(T) 80.0 100.0 26.9 (44) 55.3 52.5 22.8 (49) 38.4 45.0 29.0 (30) 59.6 60.0 31.3 (29) 52.8 53.3 27.4 (57) 

A 71.0 60.0 22.4 (25) 56.8 55.0 26.6 (25) 24.0 27.5 21.0 (23) 25.3 27.5 18.2 (24)    () 

B    () 54.2 62.5 26.5 (26)    () 53.8 42.5 19.3 (22) 63.4 76.6 28.9 (24) 

CG 71.0 60.0 22.4 (25) 55.5 57.5 26.3 (51) 24.0 27.5 21.0 (23) 38.9 40.0 23.4 (46) 63.4 76.6 28.9 (24) 

F(C) 78.0 90.0 24.7 (10) 49.7 50.0 26.8 (23) 14.3 12.5 13.8 (7) 44.0 40.0 22.2 (20) 68.8 76.9 27.1 (13) 

M(C) 66.3 60.0 20.2 (15) 60.3 60.0 25.4 (28) 28.3 28.8 22.4 (16) 35.0 33.8 24.0 (26) 57.1 63.4 31.0 (11) 

Total 72.9 80.0 30.7 (122) 56.5 57.5 24.4 (157) 39.9 41.3 28.3 (82) 46.8 42.5 29.8 (103) 56.0 55.1 26.8 (154) 

F 69.4 80.0 34.4 (63) 55.8 61.3 25.1 (80) 46.3 47.5 29.0 (36) 45.4 40.0 29.3 (48) 57.9 58.3 25.9 (86) 

M 76.5 80.0 25.9 (59) 57.1 55.0 23.7 (77) 34.9 33.8 27.1 (46) 48.0 45.0 30.5 (55) 53.5 55.0 27.8 (68) 
 
Table 4: Aggregate descriptive statistics for all Capstone Problems. Scores are also disaggregated by gender (F/M) by group 
(T/TG = treatment group, C/CG = comparison group) x� is the average of the scores, med is the median, s is the standard 
deviation, and n is the number of students that submitted the problem. 
 

The qualitative data were student responses on the pre- and post-survey. Likert-Scale 

questions were analyzed by means of bar graphs, and student written responses were categorized 

based on comfort level and strategies employed in solving problems. The results of that 

categorization are shown in the figures below.
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Figure 8 Student Self-Reported Difficulties with a Specific Word Problem 

 
Figure 8: Aggregate student responses to Survey Item #4 for students that submitted both surveys. The question had 
students read a specific word problem from physics (Appendix A) and answer, “What difficulties do you feel there 
are for you in solving this problem?” Note that there are less difficulties overall after the treatment, and the total 
count for “No Perceived Difficulties” increased slightly. 
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Figure 9 Student Strategies Used In Solving Word/Story Problems  

 
Figure 9: Aggregate student responses to Survey Item #6 for students that submitted both surveys. Students 
answered the prompt, “Please list any strategies you use in solving word/story problems, such as the one in number 
4.” Note that there are more strategies overall after the treatment, and the total count for “None” decreased. Also 
note an increase in higher-order thinking skills like Selective Highlighting, Chunking, Throwing Out Useless Info 
and Planning. 

Analysis 

Introduction to Analysis 

Before the casual reader reads the following section, it is important to define some 

statistical terms and symbols. In Table 4, the symbols x�, med, s, and n are used. They stand for, 

respectively, mean or average score; median score, standard deviation, and number of entries. 

The standard deviation of a set of scores is effectively a measure of how widely distributed 

scores are. It is the square root of the “Variance”, which is used in some of our tests. A small 

standard deviation indicates that many scores are found close to the mean score, the average, 
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while a larger standard deviation indicates that scores are relatively spread out in relation to the 

mean. These terms are used repeatedly in the following section and are primary components of 

the statistical tests used in this analysis.  

The primary statistical tests used in this section are the two-tailed t-test, the ANOVA, and 

the Wilcoxon signed rank test. The two-tailed t-test compares the means of two groups of scores 

and gives the probability (p) that the scores could be from the same population or group of 

students. Probabilities below 0.05 (α) are “statistically significant” and indicate there the mean 

scores are likely not from the same population of students. Probabilities above 0.05 are 

“statistically insignificant” and indicate that there is insufficient evidence to state that the mean 

scores are from different populations. An ANOVA test (ANalysis Of VAriance) is used to 

compare three or more groups of scores, while a t-test can only be used to compare two groups 

of scores. The mechanics of an ANOVA test are slightly more complicated and several more 

numbers are reported for statistical completeness, but the important numbers are still p and α. A 

p-value below 0.05 means that there is likely a big difference (“statistically significant 

difference”) between the populations, and a p-value above 0.05 means that there is not enough 

evidence to conclude there is a big difference (“statistically insignificant difference”) between 

the populations. Finally, the Wilcoxon signed rank test compares populations when the data 

being compared is not interval or ratio, like test scores, but rather ordinal, like comfort level. The 

mechanics of the test are somewhat complicated, but the end result is the same. P-values less 

than 0.05 are statistically significant, and p-values above 0.05 are statistically insignificant. At 

the end of each test is a phrase such as t(29)=0.69, p=0.49, which reports the t-statistic which 

was used to generate the p-value, which should always be compared to α which is 0.05 to 

determine statistical significance.  
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The statistical tests in the section were completed with the XLMiner Analysis ToolPak 

extension for Google Sheets and the statistical calculators at www.socscistatistics.com. 

Comparison of FCI Scores  

The mean Pre-FCI scores were collected from each group to establish the similarity in 

physics knowledge of the three Treatment Groups and the two Comparison Groups. A one-way 

ANOVA revealed that there was not a statistically significant difference in Pre-FCI scores 

between any of the groups.  (F(4,199) = [1.99], p = [0.098], α=[0.05]). This result justifies the 

comparison of the five different groups on the grounds that they have a similar entry-level 

physics knowledge.  

The means of the Post-FCI scores were also collected to compare conceptual physics 

knowledge at the end of the year. A second one-way ANOVA was performed to compare Post-

FCI scores among the five groups. It revealed that there was a statistically significant difference 

in Post-FCI scores of the groups.  (F(4,204) = [9.61], p < [0.00001], α=[0.05]). Tukey’s HSD 

Test for multiple comparisons found that the mean value of Post-FCI scores was significantly 

different between Treatment Group 1 and Treatment Group 3 (p = [0.00001]), Treatment Group 

1 and Comparison Group A, (p=[0.0456]), and Treatment Group 1 and Comparison Group B 

(p=[0.008]). There was no statistically significant difference between Treatment Group 3 and 

Comparison Group A (p=[0.19])and Treatment Group 3 and Comparison Group B (p=[0.50]). 

The results of the ANOVA are summarized below. 
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Table 5 Analysis of Variance Comparison of Post-FCI Scores 

 
Summary       

Groups Count Sum Average Variance   

Comparison A 23 250 10.9 16.0   

Comparison B 25 255 10.2 29.3   

Treatment 1 18 252 14.0 23.5   

Treatment 2 41 484 11.8 23.3   

Treatment 3 102 857 8.4 13.1   

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 700.1 4 175.0 9.61 3.87E-7 2.42 

Within Groups 3715.6 204 18.2    

Total 4415.7 208   α=0.05  
Table 5: This test compares the average scores of each of the groups involved in the study to help determine if the 
groups are different enough to support the highlighting strategy. SS means sum of squared deviations, df is degrees 
of freedom, which is the number compared minus one, MS is the mean of the squared deviations. All of these are 
used to generate an F statistic which is a ratio of the variance between groups to the variance within groups. 
 

Although there is a wide range of Post-FCI scores, these seem reasonable in light of the 

grade level of students in each group. Treatment Group 1 which had the highest average Post-

FCI score, was exclusively honors level juniors taught with modeling instruction. Treatment 

Group 2 and Comparison Group A were primarily juniors. Treatment Group 2 contained some 

AP Students, and Comparison Group A contained some honors students. Treatment Group 2 was 

taught using modeling instruction. Comparison Group B was primarily juniors taught with 

modeling instruction, but had no honors level students, and Treatment Group 3 was exclusively 

freshmen students. The similarity in score between Treatment Group 3, Comparison Group A, 

and Comparison Group B is comforting. It appears that the highlighting method, while perhaps 
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not enhancing the Post-FCI scores of the Treatment Group, at least did not hinder the Post-FCI 

scores of the Treatment Group. The results of the Pre- and Post-FCI scores are illustrated in 

Figure 10 below. 

Figure 10 Mean Scores on Pre and Post FCI 

 
Figure 10: All of the groups started with a similar average score, indicating that the students probably have a similar 
level of physics content knowledge at the beginning. A score of 60% indicates that students are changing their 
common sense ideas to Newtonian thinking. 
 

Power Analysis 

Before the detailed analysis of the Capstone Problems, we performed a post-hoc power 

and sample size analysis to determine the likelihood of positive findings (significant differences) 

in the data. With a small effect size (d=0.2), a desired power of 0.8, and α=0.05 for two-tailed 

tests, the necessary sample size is 196 participants. Our Capstone Problem analyses have a range 

from 57 participants to 106 participants in the treatment group, so our survey is somewhat 

underpowered. Using the mean participant count per problem (76 students) we estimate the 
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power of our survey to be about .44. While we are confident in our positive findings, there is a 

chance that when our p-values are close to but greater than α our study does not have sufficient 

power to successfully reject the null hypothesis.  

Comparison of Mean Scores for Treatment and Comparison Groups 

An ANOVA test of the mean scores for Capstone Problem 1 revealed that the score 

distributions of the four groups were significantly different. The results are summarized below in 

Table 6.  

Table 6 ANOVA for Capstone Problem 1 
SUMMARY       

Groups Count Sum Average Variance   

Treatment 1 18 1040 57.88 759.5   
Treatment 2 30 2755 91.83 176.7   
Treatment 3 49 3320 67.8 1411.5   

Comparison A 25 1775 71.0 502.1   

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 16257.6 3 5419.2 6.54 0.000397 2.68 
Within Groups 97838.3 118 829.1    

Total 114095.9 121   α=0.05  
Table 6: This test compares the average scores of each of the groups on Capstone Problem 1 to help determine if 
the scores of the groups are different enough to support the highlighting strategy. SS means sum of squared 
deviations, df is degrees of freedom, which is the number compared minus one, MS is the mean of the squared 
deviations. All of these are used to generate an F statistic which is a ratio of the variance between groups to the 
variance within groups. 
 

Treatment Group 1 has an especially low mean score. Investigation of Treatment Group 

1’s problems reveals that the group systematically omitted writing a physics equation at the start 

of the problem and proceeded immediately to manipulate the variables. A two-tailed t-test of the 
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pooled Treatment Groups and the Comparison Group A revealed no statistical difference. The 

mean problem scores for the pooled Treatment Group and the Comparison Group A were 73.35 

and 71.00, respectively. With α=0.05, the two population means are not significantly different, 

t(53)=0.42, p=0.67. 

Capstone Problem 2 had similar results. The scores from Treatment Group 1 were 

omitted due to the time limit the students faced solving the problem. A two-tailed t-test of the 

pooled Treatment Groups and the pooled Comparison Groups revealed no statistical difference. 

The mean problem scores for the pooled Treatment Group and the pooled Comparison Groups 

were 60.68 and 61.22, respectively. With α=0.05, the two population means are not significantly 

different, t(82)=-0.11, p=0.91. 

An ANOVA for the mean problem scores of problem 3 revealed a statistically significant 

difference in the scores (Table 7). 
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Table 7 ANOVA Single Factor Comparison of Capstone Problem 3 Accuracy Scores 
 
Summary       
Groups Count Sum Average Variance   

Treatment Group 1 18 902.5 50.1 933.4   
Treatment Group 2 41 1815 44.3 776.3   
Comparison Group A 23 552.5 24.0 439.1   
       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 8468.1 2 4234.0 5.91 0.00405 3.11 
Within Groups 56580.7 79 716.2    
       
Total 65048.8 81   α=0.05  
Table 7: This test compares the average scores of each of the groups on Capstone Problem 3 to help determine if the 
scores of the groups are different enough to support the highlighting strategy. SS means sum of squared deviations, 
df is degrees of freedom, which is the number compared minus one, MS is the mean of the squared deviations. All 
of these are used to generate an F statistic which is a ratio of the variance between groups to the variance within 
groups. 
 

As Table 7 shows, the mean score for Comparison Group A is significantly lower than 

the means for Treatment Group 1 and Treatment Group 2. A two-tailed t-test between Treatment 

Group 1 and Treatment Group 2 revealed no statistical difference. The mean problem scores for 

Treatment Group 1 and Treatment Group 2 were 50.14 and 44.27, respectively. With α=0.05, the 

two population means are not significantly different, t(29)=0.69, p=0.49. 

A two-tailed t-test for the mean score for Capstone Problem 4 between the pooled 

Treatment Groups and pooled Comparison Groups revealed that the mean score of the pooled 

Treatment Group was statistically different. The mean problem scores for pooled Treatment 

Group and pooled Comparison Group were 53.11 and 38.91, respectively. With α=0.05, the two 

population means are significantly different, t(99)=2.55, p=0.01. However, when Comparison 

Group A was removed (the non-modeling group), a two-tailed t-test revealed that there was no 
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significant difference between the pooled Treatment Group and Comparison Group B. The 

means of the pooled Treatment Group and Comparison Group B are 53.11 and 53.75, 

respectively. With α=0.05, the two population means are not significantly different, t(64)=-0.11, 

p=0.92.  This observation has 2 reasonable explanations. There could be a confound in the study, 

namely, that there is not an effective instrument for determining the effectiveness of highlighting 

independently of modeling. An alternate explanation for Comparison Group B’s scores is that 

they did not complete Capstone Problem 4 until May 11, significantly later in their school year 

than any of the Treatment Groups. They therefore had more experience with the material in 

Capstone Problem 4 when they completed it than any of the other groups.  

In summary, as problems got increasingly complex, students in the Treatment Groups did 

better on the capstone problems than students in the Comparison Groups.  

Comparison of Mean Problem Scores Within Treatment Groups, Sub-

Grouped by Highlighting Scores 

Capstone problems within the Treatment Groups were assigned a score of 0, 1, or 2 

corresponding to no-highlighting, some highlighting, and full highlighting following the 

established protocol. The average problem score for each problem sorted by highlighting class is 

shown in Table 8.  
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Table 8 Capstone Problem Descriptive Data Grouped by Highlighting Score 
 

 Highlighting Score 
 0  1  2 

Problem x� Med s n  x� Med s n  x� Med s n 
1 70.0 85.0 35.7 14  57.4 60.0 40.0 19  78.8 90.0 28.1 64 
2 62.5 62.5 31.8 2  41.8 45.0 18.4 25  61.6 65.0 23.0 79 
3 2.5 2.5 3.5 2  55.4 52.5 34.1 7  46.5 46.3 27.1 50 
4 51.5 50.0 35.0 28  39.0 41.3 25.4 12  65.7 80.0 31.2 17 
5 54.6 50.0 27.4 62  52.5 55.0 25.9 49  59.9 55.0 23.8 19 

Overall 55.0 51.7 31.4 108  49.7 50.0 28.1 112  63.3 65.0 28.3 229 
 

Table 8: Reported below are the average scores (x�), median (Med), standard deviation (s) and the number of 
students in the sample (n). 
 

Generally, students with a highlighting score of “2” had the greatest average problem 

score. Problem 3 is the notable exception. The overall average problem score was worst for those 

students who highlighted poorly, followed by the scores for no highlighting and perfect 

highlighting, respectively. On problems 4 and 5, it is notable that the number of non-highlighting 

students dramatically increased. When students were no longer required to highlight, many of 

them ceased to do so.  

Statistical tests revealed that the scores from Problem 1 were unlikely to come from the 

same population (Table 9).
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Table 9 ANOVA Single Factor Comparison of Capstone Problem 1 Accuracy Scores, Grouped 
by Highlighting Score. 
SUMMARY       
Groups Count Sum Average Variance   
Score of 0 14 980 70.0 1276.9   
Score of 1 19 1090 57.4 1598.2   
Score of 2 64 5045 78.8 787.9   
       
ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 6930.6 2 3465.3 3.43 0.0365 3.09 
Within Groups 95005.5 94 1010.7    

Total 101936.1 96  α=0.05   
Table 9: This test compares the average scores of students with a highlighting score of 0, 1, or 2 on Capstone 
Problem 1 to help determine if the mean scores of the groups are different enough to support the highlighting 
strategy. SS means sum of squared deviations, df is degrees of freedom, which is the number compared minus one, 
MS is the mean of the squared deviations. All of these are used to generate an F statistic which is a ratio of the 
variance between groups to the variance within groups. 
 

Despite the p-value of 0.04 allowing us to reject the null hypothesis, post-hoc tests failed 

to show that any two of the groups were statistically different from each other. It does seem 

reasonable to conclude, given the much lower mean score for the “incorrect usage” group, that 

incorrect usage of the highlighting method had a dampening effect on problem scores. 

A two-tail T-test reveals that the accuracy scores for Capstone Problem 2 for the partial 

and fully correct highlighters are statistically different. The mean problems scores for the partial 

and fully correct highlighting groups were 41.80 and 67.17, respectively. With α=0.05, the two 

population means are significantly different, t(54)= 5.29, p=<0.01. Only two students did not 

highlight at all, so they were omitted from consideration.  

 A two-tailed t-test reveals that the accuracy scores on Capstone Problem 3 for the 

partially correct and fully correct highlighters are not statistically different. The mean problem 
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scores for the partially correct highlighters and fully correct highlighters were 55.35 and 46.5, 

respectively. With α=0.05, the two population means are not significantly different, t(7)=-0.66, 

p=0.53. Only two students did not highlight at all, so they were excluded from the analysis.  

A one-way ANOVA revealed that there was not a statistically significant difference in 

highlighting score on Capstone Problem 4 between at least two groups (F(2, 54) = 2.51, p = 

0.09). 

Problem 5 was omitted from analysis. 

The results of these tests can be summarized as follows: although there is a significant 

difference in performance based on highlighting level on some of the capstone problems, there is 

not a definite trend linking level of highlighting usage to problem solving accuracy. The 

investigators would expect Capstone Problem 3, the most complex highlighting problem, to 

show greater scores for those who have perfect highlighting. This was not the case. However, the 

average cumulative scores do suggest that incorrect usage of the highlighting method is 

detrimental to student performance on the capstone problems.  

Comparison of Average Problem Scores by Gender 

The average problems scores for male and female students in the Treatment Groups were 

collected and are summarized in Table 10 below.
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Table 10 Average Problem Score for Male and Female Students in the Treatment Group 

Capstone Problem Male Female 

1 80.0 67.8 
2 55.5 60.0 

3 38.4 54.0 

4 57.8 56.2 

5 58.0 64.8 

Average 57.89 60.23 
Table 10: Average scores by gender. Few significant differences were measured, specifically, Capstone Problem 3. 
With a more powerful study, more significant differences might be detected. 
 

Two of these problems stand out. On Problem 1, which was a simple constant velocity 

problem, a two tail t-test revealed that although male students did not score significantly better, a 

larger sample size might reveal a statistically significant difference. The mean problem scores for 

female and male students were 67.83 and 80.00, respectively. With α = 0.05, the two population 

means are not significantly different, t(94) = -1.90, p = 0.06. On Problem 3, a parabolic motion 

problem involving the use of every highlighting color, female students performed significantly 

better than male students. The mean problem scores for female and male students are 53.97 and 

38.42, respectively. With α = 0.05, a two- tailed t-test revealed that the two population means are 

significantly different,  (t(57) = 2.154, p = 0.035. No other problems display significant 

differences between male and female students. The results of this analysis suggest that the 

highlighting method helped female students excel on the most complex capstone problem, but 

had little effect on simpler problems. 
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Qualitative Data Analysis 

The quantitative data objectively measured the problem-solving prowess of the students 

in the Treatment Groups and Comparison Groups. It is admittedly mixed, but holds some 

promise for the treatment. The qualitative data tells the story of the students’ impressions of the 

treatment in three areas: their confidence in their raw and applied mathematical skills pre- and 

post-treatment, their comfort level with the treatment, and their likelihood to implement some 

form of the treatment in their future lives.  

Students in the Treatment Groups generally displayed greater persistence in their work. 

We define persistence as working towards a goal in an organized fashion even in the face of 

difficulties or mistakes. In Appendix C Problem 3, note that although student 15-02111 did not 

correctly answer the question, she displays great persistence and organization as she solves this 

problem. Compare it to the sample from Comparison Group A. Student A7-10211 correctly 

solved the first two parts of the problem, but his work quality clearly tapers off and by the end of 

the problem he is simply guessing. 

Figure 11 shows the pre- and post-survey Likert scale ratings for items 1-5, dealing with 

mathematical and word problem comfort levels.
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Figure 11 Confidence on Math and Word Problems Shift 

 

Questions 1-3 asked students if they were confident in solving various math equations. The total count of student confidence 
levels for items 1-3 were compared as “Confidence in Math” for both before and after treatment surveys. Questions 4 and 5 
asked students about their confidence on word problems, given a specific example. The total counts of student confidence 
levels for items 4 and 5 were compared as “Confidence in Word Problems.” The “Not Confident” scores include a total count 
of the students that chose values 1 and 2 on the Likert-Scale survey questions. Neutral is the total count of students that chose 
the middle value (3). Finally, “Confident” scores include a total count of students that chose values 4 and 5. 

There seems to be a general shift towards a feeling of confidence in math and word 

problems as the number of students feeling unconfident in both math and word problems 

decreases (compare the light grays to the darker grays) as the amount of students feeling 

confident increases. The amount of neutral answers roughly remained the same, so some students 

may not have shown growth, and some students who were previously confident became more 

confident. This suggests the highlighting system is not universally effective at boosting student 

confidence, but is useful for some. 
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Wilcoxon tests revealed that Items 2-5 on the post-survey had statistically significant 

improvement in the confidence level with α = 0.05. Individual Wilcoxon signed-rank tests 

showed that the confidence levels for Items 2-5 were greater on the post-survey than on the pre-

survey, (Z = -3.06, p = 0.002), (Z = -2.27, p = 0.023), (Z =-2.39, p = 0.016), and (Z=-1.99, 

p=0.05) respectively. The confidence level increase of Items 2 and 3 is likely due to the fact that 

all students involved in the study were completing an additional year of math concurrently with 

their physics class. The improvement in Items 4 and 5 is of greater interest, since Item 4 asked 

about student’s comfort in solving a physics-related word problem and Item 5 asked about 

comfort in solving word problems in general. The increase in Items 4 and 5 suggests that 

highlighting increases students' confidence in their ability to solve word problems.  

In the post-survey, more students (by percentage) use planning and selective highlighting. 

Pre-post  difference for the number of strategies nearly doubled (59 to  98). At the same time, the 

number of self-reported difficulties dropped (129 to 84 with 92 respondents on the pre-survey 

and 84 respondents on the post-survey.) Pre-survey responses indicated an average of 1.4 self-

reported difficulties with solving the sample problem. Post-survey responses indicated an 

average of 1 difficulty with the sample problem. Exposure to the treatments suggests that 

students have more approaches and feel fewer difficulties solving physics word problems.  

Student reporting on post-surveys indicate that the treatment gave a mild boost to their 

confidence. Students were also slightly more likely to continue to use the strategy in the future 

than not (Figure 12).
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Figure 12 Highlighting Confidence and Continue Using Highlighting Strategy for All Groups 

 
Students were asked if highlighting increased their confidence level in solving word problems as well as whether 
they would continue using the highlighting strategy as taught. These correspond to items 7 and 8 on the post-survey. 
(See Appendix  A) 
 

As Figure 12 helps to illustrate, 60% of the students reported that they felt confident or 

very confident solving word/story after the treatment. However, only 58% reported that they 

would continue to use the treatment. Only 2% of students reported that their confidence suffered, 

but 15% of students reported that they were unlikely to continue using the method. 38% of 

students reported neutrality in their confidence, and 28% reported neutrality with continuing to 

use the highlighting method. These results indicate that as a whole, students were mildly more 

confident after the treatment and somewhat likely to continue highlighting. It is worth noting that 

the majority of the votes of low confidence and likelihood are from students in Treatment Group 

1, composed of high-achieving juniors. This suggests that the highlighting method has a greater 

positive impact on students with lower skill levels. 
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Conclusions 

The students exposed to the treatment exhibit higher scores on their capstone problems 

than the students in the Comparison Groups. Students in the Treatment Group scored better on 

average than students in the Comparison Groups, particularly on problem 3. Further, students in 

the Treatment Groups displayed greater persistence overall in problem solving, based on 

attempts to solve the later problems than the students in the Comparison Groups. Comparison 

Group A displays very low persistence, but is not distinguishable from Comparison Group B. 

This suggests that being taught the highlighting method increases a student’s sense of self 

efficacy with potentially beneficial consequences.  

Student confidence improved for Items 2-5, which included algebra based math skills and 

word problems, on the post-survey, which suggests that the highlighting method may improve 

students confidence in their ability to solve math problems and word problems. This may be due 

to the math class taken concurrently by our physics students. Further, students reported more 

techniques in problem solving and fewer difficulties in solving problems. 

There were some gender-based differences; namely that female students scored higher on 

more complex capstone problems and had a slightly higher, although not statistically significant, 

overall average score than male students. There is no statistically significant difference in 

accuracy scores among students of various highlighting scores. This suggests that the 

highlighting treatment did not depend on student implementation for success, but rather on how 

it affected the teaching style of the instructor. Pairing this with the higher scores among the 

Treatment Groups, it might not be that the highlighting was the reason for higher scores, but 

presenting the information color-coded and modeling problems using color-coding could have 

led to more success. 
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Implications for Instruction 

 Results of the post-survey indicate that students view the highlighting method in a 

slightly favorable light. Scores on the capstone problems were not statistically different for 

students who received highlighting scores of 1 or 2. In light of these two results, the investigators 

plan to continue to show the highlighting method while introducing and discussing word 

problems, but will not make it a necessary component of the class.  

Implications for Further Research 

Investigator 1 was in the unique position of consistently having at least one confound in 

his research. Each of the Comparison Groups, when compared with Treatment Group 1, had one 

of two confounds: ability level (honors vs. non-honors) or instructional style (modeling vs. non-

modeling). In order to confirm the findings specifically regarding Treatment Group 1, it will be 

necessary to have a Comparison Group which is composed of honors-level students taught using 

modeling instruction. It would have been tremendously useful to administer pre- and post- 

surveys to the control group as well.  

The FCI is a good measure of students' conceptual understanding; however, it does not 

measure students' problem solving abilities well. Using a Pre- and Post-test such as the 

Mechanics Baseline Test (MBT) or the Test of Understanding Graphs in Kinematics (TUG-K) to 

assess student problem-solving ability could add more insight into the effects of color-coding on 

solving word problems.  

Although there is a slight numerical difference in the mean problem score for male and 

female students, analyzing a larger group of capstone problem scores could show that difference 
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at a statistically significant level, and could suggest that the highlighting method could benefit 

female students in their problem-solving abilities.  
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Appendix A: Study Instruments 

Capstone Problem 1 

Courtesy of Modeling Instruction v.3 (Study Guide) 
 
A race car reaches a speed of 80 m/s after it is 200 meters past the starting line. If the car 
travels at a constant speed of 80 m/s for the next 14.5s, how far will the car be from the starting 
line? Use the appropriate mathematical expression and show how units cancel. 

Capstone Problem 2 

Courtesy of Archambault et al. (2008) (used with permission) 
 
Ella Vader is driving her parents’ car down the highway at 30 m/s. She sees a deer ahead and 
2.0s later, she hits the brakes. It takes her another  7.5s to come to a stop. 
What was Ella’s acceleration while she slowed down? 
How far did Ella travel from the moment she saw the deer to the moment she came to a stop?? 

Capstone Problem 3 

Courtesy of Modeling Instruction v.3 (Unit Test) 
 
A catapult lobs a rock with an initial velocity of 16 m/s at a 45° angle from the horizontal. The 
rock leaves the catapult at a height of 2.0 m above the ground. Use -10 m/s2 as the acceleration 
due to gravity. 

a. Determine the horizontal component of the initial velocity. 
b. Determine the vertical component of the initial velocity. 
c. Calculate  the maximum height of the rock 
d. Determine how long the rock is in the air.  
e. Calculate the horizontal distance the rock traveled. 
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Capstone Problem 4 

 
You push a cart (mass = 15 kg) across the floor at a constant speed.  You must exert 120 N of 
force.  The handle makes a 40° angle with the horizontal.   
a.   What are the x and y components of the force you apply to the cart? 
b.   What is the value of the frictional force? 
c.   What is the value of the normal force? 

Capstone Problem 5 

Original 

Note that the problem does not provide the upward force 

 
A student pulls a 20-kg box with an upward force at an angle of 30°.  The box accelerates at a 
rate of 2 m/s2. The coefficient of kinetic friction is 0.4.  
a. What is the acceleration of the box? 
b. What is the force of friction on the box?  
c. What is the horizontal force of the student on the box? 
On a scale of 1-5, please rate your comfort level in solving this problem. 

Corrected Version Text  

A student pulls a 20-kg box with a force of 200 N at an angle of 30°.  The box accelerates at a 
rate of 6.65  m/s2. The coefficient of kinetic friction is 0.4.  
a. What is the net force on the box? 
b. What is the force of friction on the box?  
c. What is the normal force on the box from the floor? 
On a scale of 1-5, please rate your comfort level in solving this problem. 
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Text Modified for Freshmen 

A student pulls a 20-kg box with a force, FP = 200 N at an angle of 30°. This results in an FP,y = 
100 N and FP,x = 173 N. The box accelerates at a rate of 6.65  m/s2. The coefficient of kinetic 
friction is 0.4. 

Proposed Revision for Future Use 
A student accelerates a 20-kg box with a force of 200 N at an angle of 30°. The coefficient of 
kinetic friction between the floor and the box is 0.4. Determine the magnitude and direction of all 
of the unknown forces acting on the box, and the resulting acceleration of the box. 
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Pre-Survey Questions. Likert scale answer spaces removed. 

Pre-Survey 
 
In Questions 1-3 below, please rank your comfort level for solving the given math 
problems.  

Please do not solve the problems. 
 

1. Math Problem 1:  

 
2. Math Problem 2:  

 
3. Math Problem 3:  

 
4. Here is an example of a word/story problem you may have seen in your math class: 

 
Alejandro can drive from his house in Phoenix to his aunt’s house in Los 
Angeles in 6 hours. It takes his sister 8 hours to make the same drive. 
Alejandro drives  
22 mph faster than his sister. Determine Alejandro’s speed and his sister’s 
speed. 

 
a. What is your confidence level that you could solve this successfully? 

 
b. What difficulties do you feel there are for you in solving this problem? Please 

explain. 
 

5. Please rate your overall confidence in solving word/story problems. 
 
6. Please list any strategies you use in solving word/story problems, such as the one in 

#4.  
If you have no strategies, please say “None.” 

 
7. Selective highlighting can be defined as a literacy strategy that directs students to 

locate specific key items like vocabulary, main ideas, and supporting facts with a 
highlighter or pencil. 

 
Have you used selective highlighting before, or anything which reminds you of 
selective highlighting? 

Yes   No 
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Post-Survey Questions. Likert scale answer spaces removed. 

Post-Survey 

In Questions 1-3 below, please rank your comfort level for solving the given math 
problem.  

Please do not solve the problems. 
 

1. Math Problem 1:  

2. Math Problem 2:  

3. Math Problem 3:  

 
4. Here is an example of a word/story problem you may have seen in your math class: 

 
Alejandro can drive from his house in Phoenix to his aunt’s house in Los 
Angeles in 6 hours. It takes his sister 8 hours to make the same drive. 
Alejandro drives 22 mph faster than his sister. Determine Alejandro’s 
speed and his sister’s speed. 

 
a. What is your confidence level that you could solve this successfully? 

 
b. What difficulties do you feel there are for you in solving this problem? Please 

explain. 
 

5. Please rate your overall confidence in solving word/story problems. 
 
6. Please list any strategies you use in solving word/story problems, such as the one in 

#4.  
If you have no strategies, please say “None.” 

 
 
7. Did the highlighting strategy we used in class make you feel more confident in 

word/story problem solving? 
 
8. How likely is it that you would continue using the highlighting strategy? 
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9. Please explain your answer to number 8.  
 

10. Would you feel comfortable creating and using your own highlighting method in a 
future class involving word/story problems? Please explain.
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Appendix B: Color Coding Poster 



COLOR-CODING AND KINEMATICS WORD PROBLEMS 68 

 

 

Appendix C: Samples of Student Work 

Problem 1 

Treatment Group 3     

 Treatment Group 2 

 

  

Comparison Group A     Treatment Group 1 
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Problem 2 

 

 

Treatment Group 3     Treatment Group 1 
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Treatment Group 2      Comparison Group B 

 

Problem 3 

 

 

Treatment Group 2     

 Treatment Group 1 
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Comparison Group A 

Problem 4 

 

Treatment Group 1     Comparison Group B 

 

Treatment Group 4 
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Appendix D: Additional Resources 

Color Coding Scaffolding 

Figure D-1 

Highlighting for Constant Velocity Using the Tabular Method Along with Color-Coding 

 

Example image similar to the video. The video includes a visual representation of the problem. 
Google Drive link to video: 
https://drive.google.com/open?id=1Dq8ruvio065CN1Cd5aUTmk1gmCZAmEQD 



COLOR-CODING AND KINEMATICS WORD PROBLEMS 73 

 

 
 

Figure D-2 

Incomplete Examples of Color-Coding and Diagrams for Uniform Acceleration Problems 

 

Example image from the document. Link to the document: 
https://drive.google.com/file/d/1_viMEW_nRDPP8mC0dKj2UI93y_FEuG3q/view 
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Tabulating Forces Strategy for Dynamics Problems 

 

Figure D-3 

A Worked-Solution of a Dynamics Problem Using the Tabulating Forces Strategy 

 

While the student did not use the highlighting scheme, the student used the tabulating method 
well to end up with correct answers. The investigator notes the lack of a free-body diagram as 
well as Newton’s 2nd Law in the reasoning section. 
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Other Resources 

Spiral Physics 

Link: https://www.dropbox.com/sh/oulpsaytsjxvhzh/AADt7uvQWqNgOXOz5B-YrQXba?dl=0  

Spiral Physics (D’Alessandris, 2007) is a great addition to modeling to support problem-

solving in quantitative focused classes. There are both algebra-based and calculus-based texts 

and are available for free from a DropBox link provided by the author. The text focuses on one-

dimensional models and goes through the traditional sequence of kinematics, dynamics, and 

conservation laws. Then, the text goes back to kinematics to introduce two-dimensional models 

with vectors. The situations are open ended and repeated with more complexity as one 

progresses through the material. The idea is that the content’s first run through will get students 

acquainted with the physics concepts, then the second time, the concepts get extended with the 

additional mathematics. Thus, it allows for mitigating cognitive load for the quantitative physics 

student. 

Further Reading on Problem Solving and Cognitive Science 

The investigators referenced these articles in the design of their project, but are not 

explicitly discussed in the paper. They are included here for the curious reader’s convenience. 

Daguay-James, H., & Bulusan, F. (2020). Metacognitive Strategies on Reading English Texts of 

ESL Freshmen: A Sequential Explanatory Mixed Design. TESOL International Journal, 

15(1), 20-30. 

Ince, E. (2018, May 15). An Overview of Problem Solving Studies in Physics Education. 

Journal of Education and Learning, 7(4), 191-200. 
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