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A Statistical Study of the Impact of Active Learning on
Students’ Learning Attitudes toward Physics Based on the
CLASS-Phys Survey

Xin Gao

Abstract—In this study, the well-known Colorado Leaning
Attitudes about Science Survey (CLASS) instrument was used
to assess the effectiveness of the Active Learning teaching
method. The survey results show Active Learning manifestly
improved students’ learning attitudes toward physics. ANOVA
tests were further conducted to study the statistical
significance of those differences. The tests show that in the
class taught using Active Learning method, the differences
before and after taking the course are statistically significant
at a 0.05 level of significance. However, the differences between
the traditional and Active Learning teaching methods are not
always as statistically significant as expected at a 0.05 level of
significance. The high diversity in students’ academic
backgrounds at LaGuardia Community College is considered
to be the main reason explaining this outcome because ANOVA
tests compare the variances within and among the groups. The
high diversity within the groups may have dwarfed the
variance among the groups.

Index Terms—Undergraduate physics education, ANOVA
test, CLASS-Phys survey, active-teaching/learning.

. INTRODUCTION

There have been extensive pedagogical researches
conducted on why and how to improve the effectiveness of
undergraduate STEM education over the years [1]-[8].
Active Learning has been discussed for decades as an
alternative method for STEM education to the traditional
lecture-based teaching method [9]-[13]. However, the
definition of Active Learning varies among pedagogical
research papers. For example, Prince’s review paper [14]
listed Active Learning as an approach parallel to
collaborative  learning,  cooperative  learning  and
problem-based learning (PBL). Among these teaching
methods, Active Learning is defined specifically as “any
instructional method that engages students in the learning
process.” More specifically “Active Learning requires
students to do meaningful learning activities and think about
what they are doing [9].” An example of Active Learning
discussed in the paper is “for the lecturer to pause
periodically and have students clarify their notes with a
partner. This can be done two or three times during an
hour-long class.”

In contrast, some research papers [9], [15] defined Active
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Learning as “engages students in the process of learning
through activities and/or discussion in class, as opposed to
passively listening to an expert. It emphasizes higher-order
thinking and often involves group work.” Michel et al. listed
experiential learning, problem-based learning, participative
learning and cooperative learning as approaches for Active
Learning [16].

In this research paper, we will discuss Active Learning as
defined in Freeman’s paper [17] and include both in-class
activities and group discussions as Active Learning practices
in the classroom.

The effectiveness of Active Learning has also been
extensively studied. Some researches were focused on
examination scores or failure rates [13], [16]; some were
focused on students’ satisfaction with the class. For example,
Stewart-Wingfield and Black [18] reported that student
Active Learning helps students perceive their learning in
class more relevant and is helpful for their future class.

This paper will focus on the impact of Active Learning on
students’ learning attitude toward physics. Colorado
Learning Attitudes about Science Survey (CLASS) was used
in this research. Students were asked to take the survey at the
beginning and at the end of the semester when they take the
Topics in Physical Sciences (SCP101) -an introductory
physics course at LaGuardia Community College of The City
University of New York. To quantitatively assess the
effectiveness of Active Learning, this paper will conduct
statistical analysis on the CLASS survey results collected
from two groups of students: one taught using traditional
lecture-based teaching method; and the other taught using
Active Learning method, at the beginning and end of the
semester when they take the introductory physics course
(SCP101).

Il. METHOD

A. The Course under Study

The course targeted in this research is Topics in Physical
Sciences (SCP101) at LaGuardia Community College of the
City University of New York (CUNY). It is an introductory
physics course for non-majors to meet the “Scientific World”
category in students’ curricula. Professors usually have more
flexibilities in deciding the depth and range of topics they
cover in this course than in other required physics courses for
STEM majors.

In this research, students’ learning attitudes about physics
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were studied before and after taking the SCP101 course
taught using two different teaching methods: traditional
lecture-based instructional method and Active Learning
method.

In the class taught using the traditional teaching method,
the professors gave a 3-hour lecture every week without
students’ active involvement. Most time, the professor
lectured and the students listened passively.

In the Active Learning method, the professor gave a more
focused and concise lecture (usually 1.5-2 hours) and leave
time for students to do in-class exercises, group discussions
or hands-on activities (examples will be given in the
following sections).

B. Example Active Learning Activities

In-class activities are designed and implemented in the
classroom to help students apply and better understand
concepts, definitions, principles and laws discussed in the
lecture part of each class. It is also the major difference
between the traditional lecture-based teaching method and
the Active Learning method. Following are some example
activities implemented in the classroom.

1) Example in-class exercise:

In the “Heat and Temperature” topic, to help students
understand temperature change and phase change substances
experience when being heated, the following example
problem was given and students were asked to think and
solve the problem either individually or work in pairs.

Given specific heat capacity of water as 1 cal/g<€, specific
heat capacity of ice as 0.5 cal/g<€, and latent heat of fusion
of water is 80 cal/g, how much heat is needed to transform a
1 kg block of ice at -5 to a puddle of water at 10€?

A common mistake that student tend to make in solving
this problem is to calculate the total required heat in one step
without thinking about the two different processes:
temperature change and phase change. By trying to solve this
problem in class and getting immediate feedback on their
work from peers or the professor, students will gain a better
understanding about why and how to break the question into
3 processes: a) bring ice to its melting point by adding heat;
b) completely melting the ice; c) increasing the temperature
of melted liquid water to a certain degree above the melting
point.

This kind of in-class exercises not only help students
interact with the professor and their peers, but also help
engage students and provide opportunities for students to
practice what they just learned in class.

2) Example in-class discussion:

Student are provided a list of appliances with their
electricity (energy) consumption per month (Table I) and
asked to form a group of 2 or 3 to have guided discussions on
the following questions:

a) Using the above chart as a guide, think about the
appliances you have at home, find them in the chart and
list them below:

b) What does kwh mean? How much is 1kwh in Joules?
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c) Calculate the electricity bill you expect to get based on
the appliances you have at home. Assume the electricity
rate of charge is 8.5 cents/kwh.

If you change your light bulb from a 100watt regular
light bulb to a 20watt energy-efficient light bulb, how
much money would you save every month?

What does energy-efficient mean? Do we get the same
brightness from a 100-watt traditional light bulb and a
20-watt energy-efficient bulb which is claimed to be
equivalent to a 100-watt traditional light bulb? Do they
consume the same amount of energy in a given amount
of time? How is energy/money saved?

d)

TABLE I: LIST OF APPLIANCES WITH THEIR ELECTRICITY (ENERGY)
CONSUMPTION PER MONTH

Appliance Time in use kWh/month
Clock radio 24 hours per day 3.6
Clothes dryer 5 Loads per week 100
Clothes washer (cold water) 5 Lloads per week 10
Coffee maker 2 hours per day 45
Dehumidifier 12 hours per day 216
Dishwasher 1 hour per day 36
(does not include hot water)
Electric blanket 960 hours per year 24
Fan (furnace) 12 hours per day 93
Fan (window) 4 hours per day 24
Fan (whole house) 4 hours per day 67.5
Hair dryer 15 minutes per day 11.6
Heater (1,500 watt) 3 hours per day 140
Hot tub Mild weather 400
Iron 1 hour per week 6
Toaster oven 1 hour per day 46
Microwave oven 30 minutes per day 18.6
Oven 1 hour per day 108
Pool pump 2 hp 24 hours per day 1,116
Radio (stereo) 2 hours per day 6.1
Refrigerator 26 Cu. Ft (Energy Star) 24 hours per day 48.5
Television 42" LCD 5 hours per day 11
Water bed (no cover) 12 hours per day 103.3
Water heater (40 gallon) 1 person 252
Water pump (deep well) 2 hours per day 90
Vacuum cleaner 1 hour per week 3.1
VCR, DVD 4 hours per day 12.4
100 watt light bulb 6 hours per day 18.6
25 watt CFL bulb 6 hours per day 4.65
175 watt Mercury vapor bulb 300 hours per month 52.5

Table cited from
https://www.myrec.coop/share/save-energy/Typical-Energy-Use.cfm

C. The CLASS Survey

The CLASS Survey refers to the Colorado Learning
Attitudes about Science Survey. It was developed and
validated in the University of Colorado Boulder. There are
three sets of survey questions: CLASS-Phys, CLASS-Chem,
and CLASS-Bio for three disciplines: physics, chemistry and
biology, respectively.

In the CLASS-Phys survey, there are 42 questions in total.
Each question is a statement/claim on learning attitudes
about physics. Twelve questions that are most relevant to this
study and most interesting to the author were selected as the
guestions under investigation. In answering these questions,
students rate the statement/claim on a scale of 5, with 1
meaning strongly disagree and 5 meaning strongly agree.

Questions can be categorized and assess different aspects
of students’ learning, such as: Real World Connection,
Personal Interest, Sense Making/Effort, Conceptual
Connections, Applied Conceptual Understanding, Problem
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Solving General, etc. [19]. Revised Categories include:
Personal Application and Relation to Real World, Problem
Solving/Learning, Effort/Sense Making [20]. Below is a list
of the selected questions and the different aspects of student
learning attitudes these questions are used to test
respectively:

e Real World Connection: 28, 30, 35, 37

Personal Interest: 14, 25, 28, 30

Sense Making/Effort: 32

Conceptual Connections: 32

Problem Solving - General: 25, 26

D. Data Collection and Sample Sizes

It is assumed that students that register for the Topics in
Physical Sciences (SCP101) course at LaGuardia
Community College come from the same statistical
population, which means there is no statistically significant
difference among students entering different sections
(classes taught by different professors using different
teaching methods) of the SCP101 course. CLASS-Phys
survey data of students taught using the two different
teaching methods were collected before and after taking the
SCP101 course. All the survey questionnaires collected at the
very beginning of the semester served as the pre-survey
sample; questionnaires collected at the end of the semester of
SCP101 course in the class using traditional lecture-based
teaching method serve as the post-without Active Learning
(AL) sample; and questionnaires collected at the end of the
semester of SCP101 course in the class using Active
Learning method teaching serve as the post-with AL sample.
The sample sizes for each group is as follows:

e Pre- sample Size: 43
e Post- without AL sample size: 18
e Post- with AL sample size: 33

As motioned in the previous section, questions in the
CLASS-Phys survey can be categorized and assess different
aspects of students’ learning attitudes. Questions selected
from different categories were examined to compare the
impact of Active Learning.

DATA AND ANALYSIS

Question#14
4
3
2
1

0

Pre- Post- (Without AL)  Post- (With AL)

Fig. 1. The average scores of the three samples on questions #14: | study physics
to learn knowledge that will be useful in my life outside of school (+).

The average score on each question of the two groups of
students (the Pre-sample, the Post-without AL sample, and
the Post-with AL sample) are illustrated in bar charts. At the
end of the figure caption of each question, (+) symbol means
that the higher the score, the more effective the teaching is
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considered to be in that aspect described in the question; (-)
symbol means that the lower the score, the more effective the
teaching is considered to be in that aspect described in the
question; * means that the difference is statistically
significant at a level of significance (alpha) of 0.1; and **
means that the difference is significant at a level of
significance (alpha) of 0.05.

Question#25

Post- (Without AL) Post- (With AL)

Fig. 2. The average scores of the three samples on questions #25: | enjoy solving

physics problems (+)
Question#26
4.5
35
25
15
0.5
-0.5

Pre- Post- (Without AL) Post- (With AL

Fig. 3. The average scores of the three samples on questions #26: In physics,
mathematical formulas express meaningful relationships among measurable
quantities (+) *

Question#28

Post- (Without AL) Post- (With AL)

Fig. 4. The average scores of the three samples on questions #28: Learning
physics changes my ideas about how the world works (+) **

4.5
35
25
15
05

-0.5

Question#30

Post- (Without AL) Post- (With AL)

4
3
2
1
o}
Fig. 5. The average scores of the three samples on questions #30: Reasoning

skills used to understand physics can be helpful to me in my everyday life (+) *

Question#32

Post- (Without AL) Post- (With AL)

2.5
2
1.5
1
0.5
]

Fig. 6. The average scores of the three samples on questions #32: Spending a lot
of time understanding where formulas come from is a waste of time (-).

As shown in the figures above, the teaching method with
Active Learning activities scores better than both the
pre-surveys and the post-surveys without Active Learning
activities for all the selected questions. To study whether or
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not the differences are statistically significant, ANOVA tests
were conducted to compare among the pre- survey, the post-
survey without Active Learning activities, and the
post-survey with Active Learning activities. Below is a
summary of the p-values of the ANOVA tests:

TABLE I: THE P-VALUES OF THE ANOVA TESTS

Question ANOVA test (alpha=0.05) p-value
Number Compare Pre- | Compare Pre- with | Compare
with Post-with AL Post-without AL
Post-without with  post-with
AL AL
14 0.883643 0.054581 0.096084
25 0.988777 0.078114 0.192885
26 0.30703 0.010342 0.434783
28 0.739557 0.002506 0.030415
30 0.99314 0.038766 0.07698
32 0.92534 0.120074 0.290848
35 0.65551 0.304405 0.220678
37 0.494546 0.002585 0.092493
42 0.232518 0.370943 0.724385
Question#35
3
25
2
15
1
0.5

Pre- Post- (Without AL) Post- (With AL)

Fig. 7. The average scores of the three samples on questions #35: The subject of
physics has little relation to what | experience in the real world (-).

Question#37

Post- (Without AL) Post- (With AL

4.1
3.1
2.1
1.1
0.1

0.9 Pre-

Fig. 8. The average scores of the three samples on questions #37: To understand
physics, | sometimes think about my personal experiences and relate them to the
topic being analyzed (+) **.

Asshown in Table I, at the 0.05 level of significance, there
is statistically significant differences between students’
rating scores on questions 26, 28, 30, and 37 before taking
course SCP101 and after taking the course in the class taught
with Active Learning method. However, there is no
statistically significant differences between students’ rating
scores on all the selected questions before taking course
SCP101 and after taking the course in the class taught with
traditional lecture-based teaching method in which no Active
Learning activities were implemented in the classroom.

Another finding is that even though there are evident
differences between students’ rating scores on all the selected
questions between the Active Learning method and the
traditional lecture-based teaching method, only the
difference for question 28 is statistically significant at a level
of significance of 0.05. A possible reason is that diversity in
students’ academic background at LaGuardia Community
College is so large (for example, some students have taken
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more than 3 years of physics in their home country, while
some other students never took any physics course before
entering LaGuardia Community College) that it dwarfs the
differences between the Active Learning method and the
traditional lecture-based teaching method.

IV. CONCLUSION

This research showed that Active Learning is more
effective in improving various aspects of students’ learning
attitudes toward physics, especially in helping students make
real-world connection (question 28, 30 and 37), promoting
students’ interests in physics (question 25, 28, and 30), and
improving students’ problem-solving abilities (question 26).

The ANOVA test conducted on scores on question 28 of
the CLASS-Phys survey shows statistically significant
evidence of a difference between the traditional lecture-based
teaching and Active Learning methods. However, the
difference shown in other questions were evident but not
statistically significant at a level of significance of 0.05. A
possible reason is that diversity in students’ academic
background at LaGuardia Community College is so large
that it dwarfs the differences between the Active Learning
method and the traditional lecture-based teaching method.

V. PROPOSAL FOR FUTURE WORK

Future study will take students’ academic backgrounds
into consideration. At the same time, the author will conduct
the CLASS-Phys survey and the corresponding statistical
analyses on enlarged samples.
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