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Abstract

The subject of gas laws is regularly taught as part of the general chemistry
curriculum in college. In this study, there is an examination of the effective-
ness of a 45-minute in-class based intervention using a series of four short
vignettes of contexts students are likely to be familiar with to help improve
students’ conceptual understanding of the relationships between different prop-
erties of gases. The study was completed over a 3-year period involving a total
of 352 students. In each year, there was one intervention class and one con-
trol class in which performance on identical gas law assessment items was
compared. In particular, this intervention was designed such that it could fit
smoothly into a traditionally lecture based general chemistry course without
requiring major shifts in overall course design in order to make it more at-
tractive to faculty who might be resistant to a major overhaul of their general
chemistry course. When compared with the control class not containing the
intervention, students in the intervention course were found to have performed
significantly better on assessment items related to how gases behaved when
not supplied with numerical data (p < .001).
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1. Introduction

This study explores an intervention using context-based learning to improve
student understanding of the conceptual trends of gas law relationships. Gas
laws are generally taught towards the end of the first semester of general chemi-

stry when taught as a two-semester sequence at the college level. The course
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tends to cover both conceptual ideas, such as how heating up a balloon will cause
it to expand, as well as numerical relationships, such as using the ideal gas law to
numerically calculate how many moles of gas are present at a set temperature,
pressure, and volume of a gas. It is a concept that includes both significant con-
ceptual understanding of relationships as well as calculation-based ones. For
some students though, it is much easier for them to turn problem solving into an
algorithm in which they apply equations and get out answers. Problems related
to those same concepts in which they apply equations though can prove quite
challenging for students once their algorithmic approach cannot solve the prob-
lem with the information, and they have available.

Even after completing a unit on gases in a chemistry course, students often do
not have a strong understanding of how gases work that is consistent with cor-
rect scientific interpretations (Lin, Cheng, & Lawrenz, 2000; Chen, Wilson, & Lin,
2019). Students often have difficulty with using consistent interpretations and
may apply different models in different situations without a scientifically sound
reason for changing the model they are using. For example, students may at-
tempt to utilize an equation they learned such as PV = nRT or P,V = P,V; but
incorrectly apply them by not being able to correctly identify what parts of the
system they are examining are constant or represented by particular variables
therefore incorrectly modeling the behavior of the system they are attempting to
explain. Students can also often complete calculations that provide correct values
for arithmetic relationships between different properties of a gas but cannot pro-
vide a correct explanation for what causes those changes. Challenges in learning
gas laws highlight a common challenge when teaching general chemistry of dif-
ficulty in integrating models at the macro and submicro levels together into a
single coherent understanding (Saritas, Ozcan, & Aduriz-Bravo, 2021).

One reason for this choice of topic is that textbook materials do focus on
teaching the conceptual part of gas laws whereas some concepts are almost en-
tirely computational in their focus in general chemistry. However, when looking
at assessment items from previous years, it was clear that a fair number of stu-
dents were still not having much success with doing the more conceptually fo-
cused questions on exams even when they were doing quite well on quantitative
focused questions such as ones requiring them to solve problems using the ideal
gas law. The textbook materials with which they engage tend to focus primarily
on algorithmic questions that rely on mathematical manipulation as the way of
demonstrating understanding in chemistry (Davila & Talanquer, 2010; Niaz, 2005)
meaning students do not have as much focus on conceptual understandings
when compared to numeric manipulation when engaging with their material
outside of the classroom. This relationship has been explicitly studied in ex-
amining what types of questions students are given when taught about gas laws
and it has been identified that textbooks regularly contain over twice as many
quantitative focused questions as compared to qualitative questions (Gillette &

Sanger, 2014). In other studies of students’ understanding of gas laws in chemi-
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stry classrooms, it has been found that students have the most difficulty with
concept application style questions and are much more likely to have trouble
with them compared to algebraic manipulation questions (Robins, Villagomez,
Dockter, Christopher, Ortiz, Passmore, & Smith, 2009).

In the intervention, the faculty member provided time for students to work
together including having them discuss with their neighbor about their answer.
Having explicit prompts to encourage students to use metacognitive skills are
critical to get students to think about why they are coming up with the answers
that they are and how they are engaging with the material (Overman, Vermunt,
Meijer, Bulte, & Brekelmans, 2013). When answering student questions or en-
gaging with them about the intervention, examples were used that focused on
objects or phenomenon that students have engaged with in everyday life to focus
on contexts with which the students would be familiar.

Finally, another consideration in the design was in creating something that
could be easily adopted by faculty members with minimal friction in imple-
menting into their current classroom design. While there are multitudes of in-
novative teaching strategies, these can be difficult to get faculty to implement
consistently for a variety of reasons (Brownell & Tanner, 2012). In particular,
aligning with existing resources and expanding on current practices have been
cited as positive drivers for faculty adoption of reforms (Shadle, Marker, & Earl,
2017). In addition, from previous experience with interventions with our student
body, students in introductory chemistry courses have been resistant to signifi-
cant change away from the lecture model and have reported dissatisfaction with
large scale changes such as flipped classroom models. This intervention is de-
signed to be able to be included into a lecture classroom model to increase stu-
dent engagement within a lecture-based teaching style. Increasing the amount of
reform-based teaching styles that are used in the classroom has been shown to
improve student understanding of gas laws (Roehrig & Garrow, 2007) and as
such finding ways to encourage faculty adjustments in this area is critical to im-

proving student understanding.

2. Context-Based Learning

Context based learning uses examples in teaching that are relatable to students
to help them improve their understanding of materials with which they are en-
gaged. There is support for the idea that context-based learning is an effective
pedagogical method (Khumas, 2022; Sevian, Hugi-Cleary, Ngai, Wanjiku, &
Baldoria, 2018; Sevian, Dori, & Pachmann, 2018) and has been used to explore
different concepts in chemistry effectively (Bromen, Bernholdt, & Christtensson,
2022; Giammatteo & Valdivia, 2021). Context based learning has been shown to
be effective in secondary school chemistry for improving student science process
skills (Ngozi, 2021) as well as generally improving student achievement (Avargil
& Piorko, 2022). It has also been noted that when using CBT to improve student

chemistry knowledge it is critical for student motivation that assessment items
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appropriately align with context based learning strategies (Sadi-Yilmax, Yildi-
rim, & Ilhan, 2022).

This study serves to explore a specific example in the field of chemistry. It is
reasonable to assume that not all methods will be equally effective in all contexts,
so exploring specific examples is critical to determine the usefulness of these
frameworks in particular cases. Specific examples also serve as evidence to teachers
and professors of the effectiveness of these methods within their own disciplines
and provide examples they can use as starting points for using these methods in
their own classrooms. It has also been demonstrated in college chemistry class-
rooms that different forms of context-based learning have had different impacts
on the areas in which students demonstrate improvement for a topic (Sevian,
Hugi-Cleary, Ngai, Wanjiku, & Baldoria, 2018).

3. Methodology

The study took place at a comprehensive university in the southeastern United
States. The study included a total of 352 students who were taking a first seme-
ster general chemistry course. The students were part of six total classes offered
across three different fall semesters. 174 of the students who participated in the
study were part of the control classes which received lectures and homework
about gas laws that matched with standard practice for the department for
teaching introductory lecture classes. 178 of the students participated in an in-
tervention class which included an in-class intervention described in this study
as well lecture material and homework problems on gas laws similar to the con-
trol classes although with less time on lecture to make time for the intervention.
Approximately 45 minutes of class time were scheduled for the intervention in
which students were encouraged to work in small groups to complete the as-
signment together. The professor was also available to answer questions and
would go between groups and check on their progress and offer just in time as-
sistance when appropriate. Any work not completed in class could be finished at
home and students submitted a copy of their work to an online submission por-
tal.

A student who previously had taken the course and tutored students in the
subject did the initial design on the scenarios for the intervention for this course.
By being someone who had recently taken the course, the student had relevant
insights into what the students were going through and could choose examples
that were likely to be topical for other students. After the initial design, the in-
tervention scenarios were iterated on multiple times to improve readability and
clarity based on feedback from both chemistry faculty that taught the course as
well as student feedback on the initial draft. An example scenario can be seen in
Figure 1. The goal of the scenarios was to create relatable events for students to
help them connect the concepts they were learning to concepts the students have
built up on their own about their understanding of how the world functions. In

the end four scenarios were developed in which students answered free response
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Gas Laws in-class activity

In this activity, you are a scientist who has discovered wonderful new technology that allows you to shrink down to
the size of a gas particle. You decide to use this opportunity to get an up-close view of how these particles react to
changes in their environment. Let’s get started!

Pressure vs. Moles: The Flat Tire Repair

The first thing that you do after shrinking down to such a small size is enter a tire on a car nearby. The tire is a little
flat, so the owner begins to pump air into it through the valve. Suddenly, there are a lot more molecules around you.
The tire is close to the right size already, so the volume doesn’t change significantly. What are you expecting to
happen to the pressure in the tire? Why?

Figure 1. Example scenario that students engaged with in the in-class intervention. Students were provided
45 minutes to answer questions about four scenarios involving changes in gases. They were allowed to and
encouraged to work with their neighbors. In addition, the instructor was also available to answer questions
and to help get groups going if they were stuck. After completing their answers, they were able to look at
scientifically accurate responses and compare them to their own responses.

style questions about trends involving: blowing up a flat tire, balloons at a birth-
day party, hiking up a mountain, and a can of hairspray heating up.

To assess the effectiveness of these scenarios, students were given three mul-
tiple choice questions (Figure 2) on their exam which included gas laws that
were conceptually focused questions. These exam questions were given to both a
class that was being taught using the intervention and a course using a standard
lecture style that did not include the intervention. Both courses used a similar
amount of time to cover the material so that the comparison was on the effec-
tiveness of replacing some lecture time with the intervention. The intervention
class still had lecture material about gas laws as well but had less in class time
devoted to lecture. The questions were designed to be similar to questions that
would normally be given by the faculty teaching the class about gas law concep-
tual relationships in order to make for a fair comparison between the interven-
tion and control course.

The multiple-choice assessment items were designed to ask questions that
were directed towards explanations of why phenomenon occur, but simulta-
neously be easy to implement which was an important consideration for both
the long-term viability of the assessment tool and to improve the chance of
widespread adoption by all faculty in the program. The students were also gen-
erally assessed using multiple choice items, so it was appropriate to maintain a
similar form of assessment to evaluate the effectiveness of the intervention in-
stead of student comfort level with a different type of assessment. The choice of
three exam items was made so that they did not make up a disproportionate
portion of the exam compared to the amount of time spent in class on the topic.

In addition to evaluating the assessment items, the researcher talked to stu-
dents to get feedback about the assessment. These discussions were informal
such as talking to the students before/after class. The goal of these discussions
was to get as authentic of a response as possible based on continued rapport

building with students throughout the semester before the gas law’s unit (which
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1. A balloon contains an ideal gas. The balloon is placed in a heated sauna. The air pressure in the sauna
is no different from the initial air pressure of the balloon. Does the balloon expand or shrink? Why?

(a) The balloon will expand, because volume and temperature are directly proportional.
(b) The balloon will expand, because volume and temperature are inversely proportional.
(c) The balloon will shrink, because volume and temperature are inversely proportional.
(d) The balloon will shrink, because volume and temperature are directly proportional.

2. A grocery store clerk uses a helium tank to fill up 15 balloons. After the balloons have been filled with
helium, how does the pressure change in the tank?

(a) The pressure inside the tank increases, because there are more moles of helium in the tank after the balloons are
filled.

(b) The pressure inside the tank increases, because there are less moles of helium in the tank after the balloons are
filled.

(c) The pressure inside the tank decreases, because there are less moles of helium in the tank after the balloons are
filled.

(d) The pressure inside the tank decreases, because there are more moles of helium in the tank after the balloons are
filled.

3.

The piston above is filled with gas. When the mass in the picture is added to the top of this piston, what
happens to the pressure and volume of the molecules inside if the temperature remains constant?

(a) The pressure decreases and the volume decreases.
(b) The pressure decreases and the volume increases
(c) The pressure increases and the volume increases.

(d) The pressure increases and the volume decreases.

Figure 2. These are the assessment items common to exams in the control and intervention course that were
compared.

is in the last one-fourth of the semester). Both the treatment and control classes
used a workshop model in which, in addition to twice a week lecture, students
met once a week in small groups with a student leader to work on problems re-
lated to the current class topic. The researcher was able to speak to the student
leaders as well to get ideas of how students felt about the intervention and the
test on gas laws.

After the exams were completed but before they were graded, copies were
made of the page of the assessment that included the questions being evaluated.
When evaluating student correctness for the questions, the evaluator was una-
ware of which papers were from control class and which were from intervention
classes. For each student who agreed to participate in the study, each question
was evaluated and added to an overall tally of correct or incorrect responses.
This was done for three years and all data was compiled and the results between

the intervention and control classes were compared.
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4. Results and Discussion

Student answers to the assessment items were compared between the control
classes (n = 174) and the treatment classes (n = 178) over a three-year period.
Each year had one fall control class and one fall treatment class. As can be seen
in Table 1 on all assessment items, the treatment class performed better than the
control class. A chi-square test of the results shows a statistically significant re-
sult (p < .001). The results show evidence of a moderate effect size with a Co-
hen’s V = 0.33 and a Cohen’s w = 0.47. All data was tracked and statistics calcu-
lated by putting equations into Microsoft Excel to do the calculations. When
examining each question, all questions show signs of significant improvement.
The third question on evaluating a mass being added to a piston was the most
missed both before and after the intervention but still showed significant im-
provement.

Looking at the results of the assessment, there was a clear improvement in
student performance when comparing the classes for each assessment item sug-
gesting improvement in the ability for students to correctly identify trends in gas
properties without having to have numbers available to plug into equations to do
so. The first assessment item showed that more students in the intervention class
were able to correctly identify what would happen to the gas molecules in a bal-
loon when it was placed into a hotter environment. The second assessment item
showed that more students in the intervention class were able to correctly iden-
tify that when gas molecules left a container, in this case due to being used to fill
up balloons, that the container would have a decrease in pressure inside due to
the reduced number of molecules present. In the third assessment item, students
were able to correctly interpret a pictorial representation of a pressure change
and describe what would happen to the volume of a container upon a pressure
change occurring.

The improvement on the third assessment question is especially interesting.
This question presents the students with a scenario of placing a block on top of a
piston and asks what would happen to the pressure of the air inside. While this is
a common general chemistry question to ask about pressure and volume
changes, the intervention brought up the concept of pressure and volume with a
different type of scenario involving air pressure on top of a mountain when
compared with sea level. This item demonstrates that working through the sce-

narios helped students solidify their understandings in ways that could translate

Table 1. Results of the intervention over three years.

Table Column Head
Question Control class Control class Intervention Intervention
correct incorrect class correct class incorrect
115 59 167 11
143 30 166 12
113 60 157 21
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to situations that looked different than the ones they had already seen instead.

In addition to looking at the results of the assessment, the researcher spoke
with students about their experiences. One comment they came up from mul-
tiple students in feedback about the interventions was that the scenarios felt like
they were “about the real world”. This suggests the intervention scenarios were
successful for our students with helping them build connections to their own life
worlds where they perceived other in class explanations they had received as part
of the chemistry world which they differentiated from their own experiences.
The students also had a generally positive response to the design of the in-class
work where they could check their answers as they went and discuss with other
students if they were not understanding something.

The study’s hypothesis that an in-class intervention using a context-based
learning strategy to improve student conceptual understanding is supported by
the results shown here. The statistics show a significant result with a moderate
effect size. Observations made by the researchers based on student feedback also
align with this conclusion. Each question showed significant improvement sug-

gesting the method was effective for all questions that were assessed.

5. Conclusion

In this instance, there is clear statistical evidence that using an in-class interven-
tion focused on student group work where students explore narrative style ques-
tions about gas law interactions led to increases in student performance on ques-
tions related to how gases qualitatively change when their environment changes
in a controlled way. As the control course spent the same amount of time work-
ing on the same material, although entirely in lecture form, this suggests that the
intervention was helpful for improving student learning in a class that was de-
signed primarily as a lecture course.

There are multiple possibilities for why the intervention could have been helpful
for students. The activities focused on exploring what types of changes were occur-
ring in different gas systems. It is possible that spending time working through
these scenarios gave students additional insights into what was occurring when
different properties of a gas were changed. It is also possible that the additional
practice helped connect student experiences with the everyday world to explana-
tions that are scientifically accurate in a chemistry class therefore improving their
ability to correctly interpret the meaning of multiple-choice answer responses. It
is possible that additional in class time to interact with other students generated
positive experiences for student learning. Additional follow-up work would be
helpful to explore which of the possible explanations for student improvement
best explain the changes seen during this intervention.

One of the goals of this work was to demonstrate that it is possible to create
specific targeted interventions that allow for measurable change without requir-
ing complete class overhauls. In this instance, a 45-minute in class activity was

able to improve student responses on assessment items related to conceptual de-
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scriptions of gas law relationships where in the past students had done less well.
For continuing development of this particular intervention, it would be helpful
to consider ways to explore student understandings of the causes of these rela-
tionships. As was noted in the background research, students may not apply con-
sistent models and are not necessarily aware of how the particulate nature of gas

molecules relates to these different conceptual relationships.
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