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ABSTRACT 

Students in ninth-grade physics-first participated in a period of independent, 
individual data analysis following data collection in modeling laboratory exercises. Pre- 
and post-tests in kinematics and forces were used to determine normalized gains in 
experimental and control groups. Student surveys, engagement evaluations, and in-class 
observations were conducted periodically to measure student achievement and 
engagement. Results show no significant improvement in achievement or engagement. 
However, student feedback indicates there may be potential benefit in providing options 
to students for completing lab exercises.
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INTRODUCTION AND BACKGROUND 

Context/Demographics 

Trinity Hall is located in Tinton Falls, New Jersey, part of the greater New York 

City area, and currently enrolls approximately 300 students. Of the 17,900 people living 

in Tinton Falls, 75.7% identify as White, 8.7% as Black or African American, and 5.5% 

as Asian, and the median income is $79,206. The biggest industries in the town of Tinton 

Falls are retail, education, and health care (Tinton Falls, 2020). The school is relatively 

young, currently in its seventh year of operation. It is “an innovative, independent all-

girls college preparatory high school educating and empowering young women in the 

Catholic tradition” (Mission and Core Values, 2019). The founders opened the school 

because there was no single-sex high school for girls in this part of the state, despite the 

community interest in one. The students of Trinity hall are native speakers of English, 

and none have special education accommodations. A significant portion of the schools’ 

budget goes towards financial aid, with approximately 15% of the students receiving 

tuition assistance. 

 The school aims to offer a technology-rich learning environment with state-of-

the-art equipment in classrooms and laboratories. All four labs (chemistry, biology, 

physics, and engineering) have interactive Aquos boards and each student is issued a 

Chromebook and TI-89 NSpire calculator. Every class uses an online platform for 

posting assignments and other materials in an effort to make resources more accessible 

and to reduce the amount of paper consumed. The schedule operates on an eight day 

cycle, with each whole credit section meeting for four 45 minute periods and two 75 

minutes periods during the eight days. Science classes are an exception, in that once per 
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cycle the class meets for an additional 15 minutes during lunch for lab time. Half credit 

classes meet for two 45 minute and one 75 minute periods during the cycle. Unique to 

Trinity Hall, in relation to other schools in the region, is the required engineering 

curriculum. In grades nine through eleven students take engineering at half credit. In 

senior year it becomes a whole credit course, and culminates in a senior capstone project.  

I currently teach ninth grade physics, ninth grade engineering, and twelfth grade 

engineering. I felt most comfortable experimenting with my physics course, since most of 

my background in education has been in physics. Additionally, engineering would be 

difficult to use since it is a half credit class (meeting 50% of the time of whole credit 

classes) and is project based rather than content based. Furthermore, since there were 

multiple sections of physics, this allowed for the existence of control and experimental 

groups in the research. 

The curriculum for physics is largely based on modeling instruction. Students 

formulate experimental procedures to investigate phenomena, followed by group analysis 

and discussion. Once the results have been summarized by the class with teacher input 

when needed, students use the models to work example problems. Often, problems were 

assigned as homework and the following day the solutions were reviewed. This style of 

instruction is an effective way to provide authentic learning experiences for students 

since it replicates the process working scientists actually use. However, it assumes that 

each student actively participates in the process equally. This was where some problems 

were observed which prompted the need for refinement. Within a group, some students 

will tend to do more of the analytical work than others, and will also tend to be more 

talkative during group and class discussions. These often were the same students from lab 
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to lab. Since the laboratory data analysis and summarization components are key to fully 

developed understanding of the material, there was thus a gap in the levels of 

apprehension among members of the class population. In addition, the whole process 

took considerable time. It was desired to find a more efficient and expedient approach so 

that more topics could be explored over the course of the year.  

Research Questions 

These identified issues led to the formulation of my research question, How will 

an initial period of independent, individual data analysis following a lab exercise, 

influence student achievement and engagement in the experimental process? The sub-

questions 1) How will an initial period of independent, individual data analysis following 

a lab exercise influence student achievement? and 2) How will an initial period of 

independent, individual data analysis following a lab exercise influence student 

engagement in the experimental process? were investigated. 

CONCEPTUAL FRAMEWORK 

In recent years, it has come to light that students in the United States lag behind 

other developed countries in the areas of science and mathematics (National Research 

Council, 2011; PISA, 2009). A number of reasons for this have been proposed, such as 

overuse of standardized testing resulting in educators teaching to the test, a lack of 

science teachers with a scientific background, or a lack of respect for teachers on the part 

of the general public (Alberts, 2009; Mooney, 2009). A common thread among these 

sentiments is that science education has become more rote, requiring memorization of 

key terms and facts, rather than instilling an understanding of the scientific process. 

Scientific practice should be enjoyable, affording students the opportunity to experience 
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the excitement of questioning and discovery. Instead, education in science often does not 

capture this aspect (Alberts, 2009).  

 One effort to address this issue has been the development of modeling instruction, 

which “expresses an emphasis on the construction and application of conceptual models 

of physical phenomena as a central aspect of learning and doing science” (Dukerich, 

Hestenes, & Jackson, 2008). It is a particular manifestation of guided inquiry instruction 

(Banchi & Bell, 2008). In a modeling classroom, the student becomes active in the 

learning process. Laboratory exercises are a frequent and crucial part of the curriculum. 

Rather than delivering and explaining natural phenomena and relationships to students, 

the teacher guides students through the process of inquiry and discovery. This may begin 

with a demonstration of a phenomenon, followed by student development of questions 

which, when investigated, could provide insight. The students, rather than the teacher, are 

responsible for figuring out the proper questions to ask, what variables to isolate and test, 

and what experimental procedures to use in order to carry out the investigation. 

Following their investigations students share and discuss their results, which include 

models they have developed in the analytical process. The Next Generation Science 

Standards identifies a variety of products as models, including drawings, mathematical 

relationships, and simulations (Developing and Using Models, 2020). In physics, 

mathematical models are particularly prominent parts of lab data analysis. A 

mathematical model is “a representation of structure in a given system,” showing 

symbolically the relationship between the identified variables at play in the investigation 

(Galbraith, Haines, Hurford, & Lesh, 2010). 
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Modeling instruction, which aligns with the actual practice of science, has shown 

much promise in raising student achievement. Logsdon and Park (2013) observed that 

middle school science students gained greater proficiency in descriptive writing and 

observation. Brewe (2006) found that university physics students felt that modeling 

instruction improved the organization of knowledge and information in their class. Dye, 

Cheatham, Rowell, Barlow, and Carlton (2013) found that students in an inverted science 

curriculum (physics-chemistry-biology) taught using modeling instruction graduated 

more college-ready and attained higher ACT scores than traditional students. 

 Another curriculum design, the flipped classroom, has been employed with 

success in a variety of subjects. In this non-traditional approach, rather than sitting and 

listening to lecture in the classroom, students typically watch a video lecture outside of 

class and class time is used for working on exercises and practicing with the content from 

the videos (FLN, 2014). This instructional approach clearly requires that students have 

access to the internet and an appropriate electronic device (computer, tablet, 

Chromebook, etc.) outside of class or school, which could be a major impediment for 

some. However, if this condition can be met, such as in schools with a one-to-one 

computer program, flipped learning may be a worthwhile tool in the arsenal. Cagande 

and Jugar (2018) found that students in a college physics course improved their 

understanding of kinematics graphs following the introduction of flipped learning. Kettle 

(2013) studied the effect of flipped learning on high school physics students, finding 

mixed results. In particular she concluded that for students with a high level of 

motivation the flipped technique worked well, but students with lower motivation did not 

benefit. Sun and Wu (2016), studying the effect of flipped learning on distance learning 
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freshman physics classes at a national university in Taiwan, observed a significantly 

higher level of achievement compared to students in a traditional distance learning 

course. In their study, the students in the experimental (flipped) section came in each 

week to work with teaching assistants on collaborative learning activities. Ramlo (2015) 

investigated student views on flipped learning in a first semester physics course. In her 

study, she determined that enthusiasm for this learning style correlated with higher 

grades. In addition, she noted that those students who showed the highest achievement 

also predicted, at the beginning of the course, that they would earn higher grades. 

 Based on the available research regarding modeling instruction and inquiry based 

learning, it seems clear that these methods generally provide students with a more 

comprehensive science education. This is because they experience using the methods of 

science first hand while they investigate phenomena, in addition to  learning and using the 

associated formulas such as would happen in a traditional classroom. However, a 

significant drawback of the modeling approach is the time required. The need for the 

many lab exercises and class discussions that make the modeling method effective, take 

away valuable time which could be used for addressing more material. Finding a way to 

make modeling instruction more expedient could free up some course time so that a 

greater breadth of content could be addressed. The flipped learning method, which has 

also shown much promise, may be a possible solution to make modeling more efficient. 

Some studies have been done on the combination of flipped learning and inquiry based 

instruction. Ahn and Kim (2018) compared performance of engineering students in 

flipped learning and combined flipped learning-inquiry based learning environments. In 

the former, the instructor used class time to demonstrate problem solutions, whereas in 
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the latter the students participated in group problem solving sessions and discussion. 

They note that, overall, the flipped approach increased the available learning time. In 

addition, they observed a higher level of achievement for the students under the 

combined treatment. More research is needed to investigate the effect of combining 

aspects of the flipped classroom to a modeling curriculum. It has the potential to free up 

learning time by moving certain elements of modeling outside of the classroom. 

Furthermore, it would afford students in a modeling classroom time to work over the 

material on their own and at their own pace before reaching conclusions as a group. 

METHODOLOGY 

The following data triangulation matrix summarizes the instruments and methods 

used to collect data for each of the sub questions addressed (Table 1). At the beginning of 

the first unit used for this research, each student was given a parent consent form to have 

signed, which they returned to me. This study was also approved by the Institutional 

Review Board at Montana State University (Appendix A). 

Table 1 
Data Triangulation Matrix 
 Instrument 1 Instrument 2 Instrument 3 
Question 1 
How will an initial 
period of independent, 
individual data analysis 
following a lab exercise 
influence student 
achievement?  

Test of 
Understanding 
Graphs in 
Kinematics for 
High School 
(TUG-K2) 

Force Concept 
Inventory (FCI) 

In-class 
observations 

Question 2 
How will an initial 
period of independent, 
individual data analysis 
following a lab exercise 
influence student 
engagement in the 
experimental process? 

In-class 
observations 

Engagement 
self-evaluation 

Student 
surveys/interviews 
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During the 2019-2020 school year I taught four sections of ninth grade physics-

first. Two of these sections (2 and 5) were selected as the control group (N=31), and two 

(3 and 4) were selected as the experimental group (N=31). Sections 2 and 4 both had 16 

students each, while sections 3 and 5 both had 15 students each. In all sections, modeling 

was used as the predominant method of instruction. In this approach, students are 

responsible for planning and executing an investigation following a discussion or 

observation of some phenomenon. Students are then guided in the process of analyzing 

their data to finally arrive at a scientific model to explain the original phenomenon. For 

example, to define velocity, students are tasked with tracking the position of a toy car 

moving with constant speed over a period of time. By then graphing their data, students 

can see that the graph is linear and surmise that a linear model may work to fit the data. 

Once the model is generated, students cogitate on the slope and its units, and through 

discussion arrive at the desired conclusion that the slope indicates the rate of change of 

position, and is the definition of velocity.  

In the conventional form of modeling instruction, students work together 

following data collection to analyze and make sense of their data. In principle, students 

will collaborate in deciding how to analyze the data, what tools to use, what type of 

mathematical model will work best, and interpreting the resulting equation. This 

realization of modeling instruction was used on the control group. For the experimental 

group, one change was made to the data analysis phase. Immediately following data 

collection, each student temporarily broke out from their group and spent time working 

on the data analysis independently. In particular, they were instructed to individually 

generate a graph, select and generate a mathematical model, and provide an interpretation 



9 
 

   
 

for the resulting slope and intercept (for linear models). It was emphasized that they 

would not be penalized for using an inappropriate graph or model, or for providing an 

inaccurate initial interpretation. The intent was for each student to have time to process 

the data. Once each member of the group had a chance to perform this initial analysis, 

they reassembled to share their work and make revisions as appropriate. Once analysis 

was completed, each group (both control and experimental) created a whiteboard to 

present their experiment and results. On a whiteboard, groups shared their experimental 

question, variables and constants, hypothesis, abbreviated procedure and data, graphs and 

figures, and conclusions (including identifying possible sources of error). 

To measure the effectiveness of these two approaches to modeling, all groups 

were given pre- and post-tests to measure gains. Two broad units were selected for the 

purposes of this research: kinematics and forces. For assessing gains in kinematics 

achievement, the Test of Understanding Graphs in Kinematics for High School was used 

(Appendix B). This was administered prior to beginning the study of motion and the 

constant velocity model, and again following the study of the constant acceleration 

model, about 7 weeks. Likewise, the Force Concept Inventory was used to measure gains 

in the understanding of forces (Appendix C). The time between pre- and post-testing for 

forces was about 5 weeks. Both assessments are standardized multiple choice tests, and 

were designed for the purpose of evaluating teaching effectiveness. Since each question 

on the assessments is multiple choice with five answer choices, a baseline with which to 

compare scores can be established. That is, randomly guessing will on average result in 

20% correctness. Furthermore, bias which can result from evaluating responses to some 

open-ended types of questions is eliminated when using multiple choice questions. All 
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students are issued a Chromebook when they start school, and the kinematics test was 

administered using Google Forms. The force test, however, was administered on paper 

using a separate bubble sheet. During the in-class observations of the lab presentations, 

notes were also recorded regarding the accuracy of interpretations, in particular the 

meaning of the slope and y-intercept in the context of the lab. 

To assess student achievement and engagement in the process, a combination of 

in-class observations, student surveys, and engagement self-evaluations were used. 

Quotients were defined which represent the fraction of students or groups which 

exhibited the requisite behavior. A paired t-test was then used to evaluate the significance 

of differences between control and experimental groups. At the end of each lab, once data 

has been analyzed, student groups gave whiteboard presentations to educate the class on 

what they did and learned from the exercise. During these presentations, observations 

were recorded for each student in the group. In particular, information on how much new 

information their contribution added to the discussion and their apparent grasp of the 

material was recorded. For the second point, reading directly from the whiteboard rather 

than facing the audience and using their own words would, for example, result in a 

relatively negative evaluation. In addition, information regarding interactions between the 

presenters and the audience was obtained by tallying each time a unique question was 

asked or critical suggestion made. Observations for all students in the study were 

collected over the treatment period. Presentations and concurrent observations took place 

twice during the first round of treatment and four times during the second round. To 

record observations, a simple table was used with fields for marking each student’s 

contribution, commenting on the accuracy of their interpretations, and a place for other 
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comments and observations (Appendix D). The accuracy of each group’s interpretations 

of the slope and vertical intercept in their mathematical models was used as an indicator 

of their grasp of the lab.  

Surveys were conducted periodically during the treatment period, typically 

following a smaller, graded assessment. Respondents were selected based on the results 

of the in-class observations and then-current course grade, so as to gain insights both 

from students who seemed to contribute most and were doing well, to those who 

contributed the least and seemed to be struggling. Those selected were sent a survey, in 

the Google Forms format, asking about their perception of the course and their learning 

thus far (Appendix E). One-on-one interviews were conducted afterwards, depending on 

the need for further clarification. Themes in their responses were used to ascertain their 

overall engagement during the lab, as well as to gain insight into student attitudes toward 

the process. In addition, students completed periodic engagement self-evaluations to 

reflect and self-report on their own perceived engagement throughout the treatment 

period. These evaluations were already being used throughout the STEM department at 

the school for determining engagement grades (Appendix F). The average self-reported 

overall engagement score was used for the purposes of measuring engagement in this 

study. 

DATA AND ANALYSIS 

 This study aimed to investigate how including a compulsory period of 

independent data analysis following a lab exercise would affect both student achievement 

and engagement in the process. To measure student achievement, pre- and post-tests in 

kinematics and forces were used to calculate gains and identify possible differences in 
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gains between the control and experimental groups. Understanding of the lab based on 

observations of lab presentations was also used. To measure engagement, results of 

engagement self-evaluations, lab presentation observations, and student surveys were 

used. The results of these measurement instruments, as well as details regarding the 

analysis of the data, are presented below. 

Kinematics Pre- and Post-Test Results 

 The average scores by section and by group (control and experimental) have been 

computed for both iterations of the Test of Understanding Graphs in Kinematics for High 

School (TUG-K2). The results of the pre-test were used as the baseline for comparison 

when calculating the average normalized gains following administration of the post-test. 

The normalized gain was calculated to determine differences in student knowledge. 

Normalized gains of less than 0.3 were considered low gains, 0.3 to 0.7 was considered a 

medium gain, and normalized gains greater than 0.7 were considered high gains (Hake, 

1998).  

On the pre-test, the control group scored an average of 21.7% and the 

experimental group an average of 18.0%, and the standard deviation for each group was 

0.1%. On the post-test, the control group scored an average of 46.8% and the 

experimental group an average of 38.9%. The control groups had standard deviations of 

0.2% and 0.1% on the post-test, while both experimental groups had a standard deviation 

of 0.2%. The pre- and post-test results for both groups is shown in Figure 1. The 

normalized gains were then calculated. The control group showed a gain of 0.251 or 

25.1%, while the experimental group showed a gain of 0.209 or 20.9%. 
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Figure 1. Pre- and post-test results of the TUG-K2 for control and experimental groups. 

Forces Pre- and Post-Test Results 

 The results of the Force Concept Inventory (FCI) were processed in an identical 

fashion as those of the TUG-K2: the pre-test was used as a baseline for comparison, and 

normalized gains were computed for each section and group. On the pre-test, the control 

group scored an average 18.5% and the experimental group scored an average 21.7%, and 

the standard deviation for all sections was 0.1%. On the post-test, the control group 

achieved an average score of 30.1% and the experimental group an average of 28.8%. 

The standard deviation for each section was 0.1%. These results are depicted in Figure 2. 

The control group then showed an average normalized gain of 0.116 or 11.6%, and the 

experimental group a gain of 0.072 or 7.2%. 
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Figure 2. Pre- and post-test results of the FCI for control and experimental groups. 

In-Class Observations 

 During informal lab presentations, in-class observations were recorded using the 

In-class Observation Form (Appendix D). Comments were recorded for each presenting 

group regarding the frequency of audience interaction, the contributions of each group 

member, and the accuracy of the group’s interpretations. For the former, a tally was kept 

for each unique question or critical comment made by a member of the audience. 

Individual contributions were recorded using a simple check-mark to indicate whether the 

student engaged at all during the presentation. Simply reading from the whiteboard was 

considered minimum engagement, and additional notation was made when this was the 

case.  

 In order to compare audience interaction between the control and experimental 

groups, a quotient was defined and computed. It is expected that for a given class section, 

a greater number of students present would correlate with a greater number of audience 
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interactions. To normalize this effect, the audience interaction quotient was determined 

by dividing the total tally for the particular group by the number of individual students 

present on that presentation day. Finally, a t-test was conducted on the quotient 

calculations. The results of this analysis show that, despite a higher average quotient for 

the experimental group, there was no significant effect, 𝑡𝑡(10) = 1.53,𝑝𝑝 < 0.05. 

 A similar analysis was performed for the presentation engagement observations. 

Each student not marked as simply reading directly from the whiteboard was tallied, and 

the total for each group (control and experimental) was divided by the number of students 

present. Results of a subsequent t-test indicate that the effect was not significant, 𝑡𝑡(10) =

0.41,𝑝𝑝 < 0.05. A compilation of the audience interaction and presentation engagement 

quotients are shown in Table 2. 

Table 2 
Quotients for Audience Interaction and Presentation Engagement 
 Audience Interaction Presentation Engagement 
Lab Control Experimental Control Experimental 
Buggy (Kinematics) 0.20 0.18 0.87 0.90 
Ramp (Kinematics) 0.31 0.48 0.77 0.56 
Newton’s 2nd Law (Forces) 0.30 0.60 0.83 0.73 
Friction (Forces) 0.48 0.21 0.80 0.86 
Gravity (Forces) 0.25 0.45 0.71 0.83 
Hooke’s Law (Forces) 0.19 0.62 1.00 0.93 

 

 During each group’s presentation, a comment was made regarding the accuracy of 

the group’s interpretation of the data and analysis. In particular, it was noted whether the 

group provided a correct interpretation of the slope and vertical intercept of the 

mathematical model they obtained. The fraction of groups which provided correct 

interpretations is given in Table 3. Results of a t-test indicate that the difference between 

control and experimental groups is not significant, 𝑡𝑡(10) = 0.50,𝑝𝑝 < 0.05. 
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Table 3 
Fraction of Groups with Correct Slope and Vertical Intercept Interpretations 
Lab Control Experimental 
Buggy (Kinematics) 0.43 0.36 
Ramp (Kinematics) 0.54 0.14 
Newton’s 2nd Law (Forces) 0.07 0.60 
Friction (Forces) 0.17 0.17 
Gravity (Forces) 0.33 0.40 
Hooke’s Law (Forces) 0.29 0.46 

 

Student Feedback 

 Students provided qualitative feedback on their own perceptions of the class via 

surveys developed specifically for this study (Appendix E) and from engagement self-

evaluation forms already in use at the school (Appendix F). The former asked general 

questions about class activities which were common to both the control and experimental 

groups, as well as a particular question regarding the treatment. The results of the surveys 

were mixed, with students from both groups expressing satisfaction and dissatisfaction 

with the way the lab analysis period was conducted. For example, one student from the 

experimental group responded “Yes, because I can see what I know myself, and then 

correct myself as well as learning from other people”, indicating an overall positive 

attitude toward not only the independent analysis period, but also toward the following 

regrouping and discussion. Another student, however, simply stated that “it made it more 

difficult.” Another student, from the control group, stated “I feel like talking to others 

helps to bounce out ideas and differ between what makes sense and what doesn’t.” On the 

other hand, a different student from the same group indicated that analyzing data as a 

group would be overwhelming and not give her enough time to cogitate on the 

information. She further stated “I would rather analyze the data by myself, and then talk 



17 
 

   
 

about it with the people around me”, expressing preference for a two-stage analysis 

period. 

 For the engagement self-evaluations, each student was expected to reflect on their 

own engagement in the course. The form was periodically assigned as homework, and 

each student gave themselves a grade, from one through four, for each set of criteria and 

overall. A score of four meant that the student was fully engaged at all times, both in and 

out of class. Students were able to give themselves scores in increments of 0.25 (i.e. they 

did not have to only use the whole numbers from one to four). The responses were 

compiled and the average overall score for each section was computed. All average 

overall scores were close, ranging from 3.50 to 3.67. The average for the control group 

was 3.59 and for the experimental group 3.56, and thus there was no significant 

difference between them.  

INTERPRETATION AND CONCLUSIONS 

 The results of the Test of Understanding Graphs in Kinematics for High School 

(TUG-K2) and Force Concept Inventory (FCI) analysis show that students in both groups 

increased their understanding of the relevant material. However, in both cases neither 

group demonstrated a greater increase in achievement; both the control group and 

experimental group exhibited a low average normalized gain (Hake, 1998). Thus, the test 

results cannot be used to claim that the treatment had a significant effect on student 

achievement. It should also be noted that prior to administration of the pre- and post-tests, 

students were clearly informed that the results would not in any way affect their grade in 

the course. As such, it is more likely that students would not take the tests as seriously as 

they would a graded assessment. This may explain the reason for the overall low gains 
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observed in both groups. Furthermore, this is consistent with the findings of Cagande and 

Jugar (2018) who used the original version of the kinematics test written for college 

students. In their study, both control and experimental groups scored relatively low. A 

future study using graded pre- and post-tests may provide a more accurate measure of 

achievement gain, and perhaps reduce the error in the comparison of control and 

experimental groups. 

 The other measure for comparison of achievement between the groups, the in-

class observations of lab presentations, was also inconclusive regarding the effect of the 

treatment. Results of a t-test analysis indicated that the differences in the measures of 

understanding used were not statistically significant, and thus it cannot be concluded that 

the treatment led to greater comprehension, based on these observations. However, it 

should be noted that in the first two lab observations the control group scored higher, but 

in the latter four sets of observations the experimental group scored either the same or 

higher. It is possible that the students in the experimental group needed a brief time to get 

used to the different style of handing lab data analysis, and that the independent data 

analysis periods in subsequent labs were actually beneficial. However, at this time there 

is insufficient data available to claim this is the case. 

 The in-class observations also provided data on student engagement during the 

process, using oral presentation habits and audience interaction as indicators. The 

audience interaction quotients, which were computed based on the number of questions 

and critical comments made by observing students, do not seem to show any difference 

between the amount of audience interaction in the control and experimental groups. 

Similar to the data comprehension measure, there was a slight trend towards greater 
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interaction in the experimental group for the later labs, possibly indicating an initial 

break-in period. However, more data would need to be collected before such a claim 

could be made. The presentation engagement quotients, which were a function of the 

number of students observed strictly reading directly from the whiteboard during their 

presentation, do not show any statistically significant difference between the two groups 

and there does not appear to be a potential trend in the data. 

 The engagement self-evaluation forms, in which students provided feedback on 

their own reflections regarding their engagement, did not show any significant difference 

between the control and experimental groups. The control group did have a slightly 

higher overall engagement average than the experimental group, but only by a mere 0.03 

on the four-point scale used. This result is congruent with the other measures of 

engagement used. The feedback from the surveys and interviews were slightly more 

enlightening, though they do not provide conclusive support for the treatment method 

used in this study. Students expressed both positive and negative attitudes towards their 

particular procedure for data analysis. This was the case both for the control and 

experimental groups. While this may at first seem entirely inconclusive, it is telling that 

some respondents from the control group specifically stated they would like to have been 

able to work through data independently first before joining with their group. Likewise, 

some students from the experimental group stated they would have preferred working in 

groups for the entire process. In this study, the control and experimental groups remained 

the same for both treatment rounds. Thus, it would not be possible for a student in either 

group to say empirically which method they prefer. A future investigation would benefit 
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from letting students experience both forms of data analysis so that a proper comparison 

can be made. 

 Finally, regarding the available learning time, no significant difference was 

observed between control and experimental groups. This is in contrast to the observations 

of Ahn and Kim (2018), who found that a combined inquiry and flipped classroom model 

increased the available learning time. Originally, it was intended that the experimental 

group would perform their individual analysis outside of class, as homework. Since the 

control group would have to use class time for the data analysis, this would 

hypothetically free up time for the experimental group. However, predictions for timing 

of lab and other exercises are often inaccurate, since the rate at which any given student 

works is variable. There may further be complications with lab equipment, unexpected 

schedule changes, etc. In actuality, then, the experimental groups often used class time to 

perform their individual analysis. This would happen, for example, when a lab needed to 

carry over to the next day, and students then finish with significant time left in the period.  

VALUE 

 This project provided me the opportunity to tinker with modeling instruction, 

which was a form of teaching I was already very familiar with and had been using for a 

number of years with great success. As with any instructional method there are 

imperfections, and I was able to use this study to attempt addressing some of those issues. 

I was familiar with standardized tests like the Test of Understanding Graphs in 

Kinematics for High School and the Force Concept Inventory, developed specifically for 

measuring teaching effectiveness, but I had never used them in my own classroom. I 

enjoyed being able to utilize these assessments, and I think they are a great way to 



21 
 

   
 

objectively measure changes in student understanding of the content. However, I do feel 

that the results obtained from them would be more useful if students had greater incentive 

to do their best. As it was, students were clearly informed that their grade would not be 

affected by the outcome of the test. Some students even submitted their assessment in 

less than 15 minutes, which would not have been sufficient time to read all questions and 

answers. It is likely I would use such assessments again in the future, but they would be 

at least partially counted for grading purposes to help mitigate arbitrary guessing.  

 I also found the development and use of a simple form during lab presentations to 

be extremely helpful in my own reflections. In the past I tended to give engagement 

feedback to students based on my remembered observations, but this was certainly an 

imperfect method. The use of a form meant I had documentation upon which to reflect 

and look for trends in student engagement. This made giving engagement grades more 

beneficial for the students, as I was able to provide more objective evidence in feedback 

such as report card comments. I will certainly continue to use such forms in the future to 

document my observations.  

 Finally, feedback from surveys and interviews confirms that all students are 

different and have their preferred methods of learning. Another iteration of this study 

would benefit from a design in which all students would be able to experience both 

independent and group analysis of lab data. In this way students would be able to more 

accurately judge which method they prefer and which works best for their learning style. 

More generally, it may prove useful to give students a choice as to how they would like 

to proceed with data analysis. Responses indicate that some students would in fact elect 

to work independently at certain times, while others would prefer a group setting. 



22 
 

   
 

Combined with results for teacher observations or assessments, it may be possible to 

develop more individualized approaches that meet the needs of each student. 
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APPENDIX B 
 

TEST OF UNDERSTANDING GRAPHS IN KINEMATICS FOR HIGH SCHOOL 
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APPENDIX C 
 

FORCE CONCEPT INVENTORY (FCI) 
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APPENDIX D 

IN-CLASS OBSERVATION FORM
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APPENDIX E 

STUDENT SURVEY QUESTIONS



53 
 

   
 

1. What has worked well for you so far this year? 
2. What has not worked well for you? 
3. What has been your favorite way to learn in this class? 
4. What activities do not help you learn well? 
5. Do you feel like you are struggling to keep up? Comfortably challenged? Not 

challenged enough? 
6. What are your least favorite ways to learn in this class? 
7. Depending on whether experimental (a) or control (b): 

a. Do you feel that analyzing data by yourself first, before reconnecting with 
your group, has helped you understand the labs or made it more difficult? 

b. Do you feel that analyzing data as a group gives you enough opportunity 
to make sense of the lab for yourself? 

8. Is there anything else you would like to add? 
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ENGAGEMENT SELF-EVALUATION
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