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Abstract 

The purpose of this study was to investigate seventh grade students’ conceptions of the 
greenhouse effect.  The study was descriptive in nature and involved the collection of 
qualitative data from 91 seventh grade students from three different schools in the 
Midwest, USA.  These data were analyzed for content in an inductive manner to identify 
students’ conceptions about the greenhouse effect.  Based on these findings we make 
curricular recommendations that build on the students’ conceptions. 
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Seventh Grade Students’ Conceptions of the Greenhouse Effect 
 
 
 

Introduction 
 

The Intergovernmental Panel on Climate Change (IPCC) has concluded that 

global warming is inevitable and that human activity is likely to be the main cause (IPCC, 

2007).  The key foundation to students’ understanding of global warming is their 

conceptualization of the greenhouse effect. Greenhouse gases in the atmosphere 

(troposphere) selectively absorb some of the sun’s energy (heat) that is radiated by the 

Earth’s surface back toward space.  Greenhouse gases are any gases that absorb infrared 

radiation; examples of key greenhouse gases include water vapor, carbon dioxide (CO2), 

methane (CH4), and nitrous oxide (N2O).  Greenhouse gases absorb this heat and re-

radiate it back toward the Earth, warming the Earth’s atmosphere.  This natural process 

regulates the Earth’s temperature.  Over the past century, human activities, primarily the 

burning of fossil fuels have enhanced the greenhouse effect by increasing the 

concentration of greenhouse gases in the atmosphere more than what would occur 

naturally, causing the Earth’s temperature to increase resulting in global warming which 

contributes to climate change. 

Thus, it is vital that students learn about the greenhouse effect in order to 

understand global warming and climate change.  An understanding that is essential if 

future citizens are to assume responsibility for the management and policymaking 

decisions facing our planet (Brown, 1992; Bybee, 1993).  Therefore, if science education 

is to promote a citizenry that is knowledgeable about global warming and climate change 

it is essential to determine what students’ conceptions are about the greenhouse effect 
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(Osborne & Freyberg, 1985) in order to plan curriculum and design instruction that builds 

on students’ conceptions (Driver et al., 1994). 

The purpose of this study was to investigate seventh grade students’ conceptions 

about the greenhouse effect, add to the extant literature base on students’ geoscience and 

environmental science learning, and provide guidance to curricular development and 

instructional design.  Specifically, the research question guiding this study was:  What are 

seventh grade students’ conceptions of the greenhouse effect?  Based on these findings 

we make curricular and instructional recommendations that build on students’ 

conceptions and link our findings to science textbooks. 

 
Background 

 
We reviewed 14 international studies that investigated secondary students’ 

conceptions of global warming and climate change, particularly focusing on the 

greenhouse effect.  Because of the limited number of studies that specifically investigated 

seventh grade students’ conceptions of global warming and climate change; the literature 

review included studies involving secondary students from grades 6-12.  We summarize 

the findings of these articles that pertained specifically to students’ conceptions of the 

greenhouse effect.  

Several studies found that students held no conception of the greenhouse effect 

(Andersson & Wallin, 2000; Pruneau et al., 2001) or that students made no distinction 

between the greenhouse effect and global warming (Andersson & Wallin, 2000; Boyes et 

al., 1993).  Furthermore, students erroneously link the greenhouse effect with 

stratospheric ozone depletion.  For example, some students believed that the solar rays 

reflected by the Earth’s surface are trapped by the ozone layer (Koulaidis & Christidou, 
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1999) or simply that the sun’s rays get trapped in the ozone (Boyes & Stanisstreet, 1997; 

Pruneau et al., 2003).  The increased ultraviolet radiation, due to ozone depletion, thus 

results in global warming (Koulaidis & Christidou, 1999; Boyes & Stanisstreet, 1997). 

In essence, the students in these studies knew little about the greenhouse effect 

and were not able to identify greenhouse gases beyond carbon dioxide.  For example, 

students did not consider water vapor as a greenhouse gas (Fisher, 1998) and many did 

not even consider carbon dioxide as a greenhouse gas (Boyes et al., 1993; Boyes & 

Stanisstreet, 1993; Boyes & Stanisstreet, 1997; Pruneau et al., 2001).  For most students 

air pollutants in general are greenhouse gases (Koulaidis & Christidou, 1999).  Students 

further believed that carbon dioxide or greenhouse gases form a thin “layer” or “cover” in 

the Earth’s atmosphere that traps heat (Koulaidis & Christidou, 1999; Pruneau et al., 

2003); carbon dioxide or gases in general form a “lid,” “skin,” or “roof” over the Earth 

(Andersson & Wallin, 2000).  Lastly, for the most part, these students did not make any 

distinctions between the kinds of solar energy (Boyes & Stanisstreet, 1997; Boyes & 

Stanisstreet, 1998: Fisher, 1998; Koulaidis & Christidou, 1999; Österlind, 2005).  

Therefore, many students only see solar rays from the sun as involved in the greenhouse 

effect; they lack the concept of terrestrial radiation (Koulaidis & Christidou, 1999). 

 
Theoretical and Methodological Perspective 

We adopted a constructivist perspective for this study.  The objective was to 

understand the meanings constructed by students participating in a context-specific 

activity using language (Schwandt, 1994).  Central to this study was the written language 

and drawings used by the students to represent and communicate their meaning (Holstein 

& Gubrium, 1994; Kress, Jewitt, Ogborn & Tsatsarelis, 2001).  The signs and symbols 
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represent the students’ interests and motivation for making the sign or symbol (Kress et 

al., 2001).  The underlying meanings in students’ conceptions are contextualized because 

they represent students’ cognitive constructions at a particular point in time (Patton, 

2002); and they reflect the unique social, educational, and cultural experiences of the 

students.  We interpreted the writings and drawings made by the students to represent 

their conceptions of the greenhouse effect—that is, we created constructions about the 

students’ constructions. The codes and categories are biased by our experiences and 

conceptions that are grounded in both environmental education and the geosciences 

(Patton, 2002). 

Method 

 Sample and Data Collection 

We employed a purposeful sampling strategy, using the classrooms of three 

teachers who are involved in our climate change instructional development project.  A 

total of 91 seventh grade students from the Midwest completed the task during their 

regularly scheduled science class.  We opted for a large sample size as this provided the 

advantage of sampling a wide range of students so as to document the similarity, 

diversity and/or variation in their conceptions of the greenhouse effect (Driver et al., 

1996; Patton, 2002). The task was administered by the teachers prior to any classroom 

instruction on global warming and climate change.   

The draw-and-explain task was designed as an idea eliciting task (Osborne & 

Freyberg, 1985) and based on the draw and explain protocol (White & Gunstone, 1992).  

The task used a written prompt to elicit student responses. A number of researchers have 

used similar tasks to elicit students’ concepts about environmental and geoscience 
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phenomena (e.g., Alerby, 2000; Anderson & Moss, 1993; Barraza, 1999; Bonnett & 

Williams, 1998; Payne, 1998; Simmons, 1994). The students’ written words and 

drawings were considered as conceptual visualizations or representations of their 

understandings that contain a number of individual concepts that are embodied with 

meaning (Alerby, 2000; Kress et al., 2001).  Thus, students’ conceptions may be 

constructed from their graphic representations (Vosniadou & Brewer, 1992).  In addition, 

the task asked students to tell us the source of their knowledge about the greenhouse 

effect. 

Data Analysis 

Data analysis involved a content analysis of student responses resulting in the 

identification of student concepts. This process was inductive in nature; that is, instead of 

searching for pre-determined patterns, themes were allowed to emerge from the data as 

we constructed meaning from student responses (Patton, 2002).  The process followed 

that described by Rubin and Rubin (1995).  From the first reading core concepts (codes) 

were identified.  These initial codes were revised after a second reading.  The codes with 

common/overlapping themes were grouped into categories that reflected the students’ 

conceptions.  From these we constructed a category matrix that linked each code to a 

category (Erickson, 1986) and that reflected the final categories of student conceptions.  

This enabled us to organize and check the data for saturation of categories and to 

eliminate redundant categories (Erickson, 1986; Lincoln & Guba, 1985).  This process 

provided a degree of triangulation, reducing the influence of bias and subjectivity and 

increasing the validity of our analysis and interpretation of the results (Patton, 2002; 

Strauss, 1987).  To ensure consistency in coding, an inter-rater reliability coefficient was 
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calculated by comparing two of the authors’ coding of 41 randomly selected assessments. 

The inter-rater reliability coefficient was 0.88.  Coding was monitored throughout to 

ensure consistency and reliability.   

Results 

Only 12 (13%) students held a more developed or scientific understanding of the 

greenhouse effect.  These students identified carbon dioxide as a greenhouse gas and 

explained its role as a greenhouse gas.  Even these students, however, did not identify 

other greenhouse gases (e.g., water vapor and methane).  Half of these students (n=6) 

drew carbon dioxide as a layer in the atmosphere (Figure 1) versus as a dispersed gas 

explaining: 

Keeps the heat in as an insulator, sun rays try to escape the atmosphere but 
are bounced back to Earth (M-7th-1). 
 
The CO2 levels in the atmosphere are high enough to let rays in, but not 
out (M-7th-2). 
 

They identified infrared radiation as being re-emitted by the Earth’s surface and clouds 

causing the Earth’s atmosphere to “heat up,” and 2 students explained that some infrared 

radiation escaped the Earth’s atmosphere, “keeping the earth’s heat balance”.  Even these 

students explained the greenhouse effect in terms of the “sun’s rays” versus 

differentiating the radiative energy (Figure 2).  For example: 

The sun rays come down to Earth, bounce off, try to escape the 
atmosphere, but are bounced back to Earth (M-7th-2). 
 

As illustrated in the above student quote, most of these students believed that the 

greenhouse gases trapped all of the heat, versus absorbing and re-radiating heat back 

toward the Earth.  Four of these students identified sources of carbon dioxide emissions 

(e.g., cars and factories). 
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---------- 
Figure 1 about here 

---------- 
---------- 

Figure 2 about here 
---------- 

 
The remaining 79 (87%) students held various degrees of understanding.  For 

example, 76 students referred to “greenhouse gas”, but did not identify a specific gas.  

Furthermore, only 25 (27%) of these students explained the greenhouse effect in terms of 

atmospheric heating.  These explanations varied, but the most common explanation 

(n=12) was that the “sun’s rays” or “hot air” get trapped in the atmosphere.  Finally, 17 

students explained the greenhouse effect using a “greenhouse” analogy (Figure 3) and 8 

students confused greenhouse effect with ozone depletion and the ozone layer.  Although 

these students’ drawings varied, 9 drew a “greenhouse gas” layer in the atmosphere and 

29 literally drew a “greenhouse”. 

---------- 
Figure 3 about here 

---------- 
  
In sum, most students did not understand the greenhouse effect or that carbon 

dioxide is a greenhouse gas or that other naturally occurring and human produced 

greenhouse gases exist (e.g., methane and water vapor).  They lacked an understanding of 

infrared radiation and radiative forcing.  They believed that carbon dioxide or 

“greenhouse gases” trap all of the heat versus absorbing and re-radiating the heat back 

towards the Earth.  

Although this research was conducted in schools, Rickinson (2001) noted that 

television serves as a key source of students’ environmental information.  Television 

provides students with access to information about the environment through the nightly 
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news, documentaries, and movies; thus television likely has as much of an influence on 

students’ environmental conceptions as does schooling.  Therefore we were interested in 

seeing what these students considered as the source(s) of their knowledge about the 

greenhouse effect (Table 1).  Students indicated that school science classes and their 

science textbooks were the main source of their knowledge followed by television 

programs and documentaries and other individuals and media sources (e.g., newspapers, 

internet, and books).  It has been shown elsewhere (Coyle, 2005), however, that those 

students who obtained environmental information from television held more 

misconceptions than students who learned about the environment in school. 

Table 1.  Source of students’ knowledge of the greenhouse effect. 
Category Frequencya 

School science class/textbook 30 (29%) 
No response 24 (24%) 
TV and video programs 20 (20%) 
Guessed 11 (11%) 
Other individuals (not teachers) 6 (6%) 
Other media source 6 (6%) 
Greenhouse experience 5 (5%) 
aNote: some students gave multiple sources, thus the total is 102. 

 

Discussion 
 

The students’ conceptions about the greenhouse effect in many ways are similar 

to previous findings.  For example: these students indicated that carbon dioxide and air 

pollution in general are greenhouse gases (Boyes, & Stanisstrret, 1997; Gowda, Fox, & 

Magelky, 1997; Boyes, & Stanisstreet, 1993; Pruneau, et al., 2001) and that carbon 

dioxide or greenhouse gases form a layer in the atmosphere that traps the sun’s energy 

(Koulaidis & Christidou, 1999; Pruneau, Gravel, Courque & Langis, 2003; Andersson & 

Wallin, 2000).  Similarly, few students made a distinction between the types of solar 
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energy, with most referring only to “solar rays” (Boyes & Stanisstreet, 1997; Boyes & 

Stanisstreet, 1998; Fisher, 1998; Koulaidis & Christidou, 1999; Österlind, 2005).  Unlike 

Koulaidis and Christidou (1999) findings, a number of these students identified terrestrial 

radiation.  Although students in Boyes and Stanisstreet (1997), Koulaidis and Christidou 

(1999), and Pruneau et al. (2003) confused the ozone layer with the greenhouse effect, 

only 8 students from this study explained the greenhouse effect in terms of ozone. 

Many of these conceptions of the “greenhouse effect” are re-enforced or even 

built on the images and diagrams used in many earth and environmental science 

textbooks.  For example, the greenhouse effect represented in Figure 4 implies the 

existence of a “greenhouse gas” layer above the Earth’s surface that traps and reflects the 

sun’s energy.  Thus, greenhouse gases cause the Earth’s temperature to rise.  At the same 

time, Figures 4 and 5 represent factories discharging smoke (air pollutants) into the 

“greenhouse gas” layer of the atmosphere.  Therefore, air pollution in general is a 

greenhouse gas and factories in particular are the major source of “greenhouse” gas, as 

illustrated by the student’s drawing shown in Figure 6.  Thus, the greenhouse effect is 

conveyed as an anthropogenic phenomenon versus a natural process.   The impression 

that science textbook diagrams can have on students may be seen in the students’ 

drawings (Figures 1, 2, 3, & 6), where the greenhouse effect drawn is very similar to the 

textbook diagrams (Figures 4 & 5).  

---------- 
Figure 4 about here 

---------- 
---------- 

Figure 5 about here 
---------- 
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---------- 
Figure 6 about here 

---------- 
 

Planning curriculum and designing instruction is a difficult and challenging 

process made even more taxing by the necessity to build from students’ conceptions.  

Based on the results of this study and previous findings it would appear that a curriculum 

built from students’ conceptions would need to address the following: 

·  Carbon cycle and fossil fuels (energy) 
·  Greenhouse gases (e.g., water vapor, carbon dioxide, methane) 
·  Greenhouse effect, radiative forcing (infrared radiation) and the Earth’s 

temperature balance 
·  The greenhouse effect and global warming 
·  Natural versus human sources of greenhouse gases and personal solutions and 

actions 
 
These concepts link to the NRC 5-8 science education standards (Table 2), and build a 

foundation for understanding global warming which leads to understanding climate 

change. 

When designing activities science educators need to take care not to reinforce 

student conceptions that the greenhouse effect traps all of the sun’s energy and that 

carbon dioxide is the only greenhouse gas or that air pollution in general is a greenhouse 

gas.  For example, the typical “greenhouse” demonstration is not an exact physical model 

of the Earth’s greenhouse effect and must be cautiously presented to students, stressing 

the limitations of the model.  Failure to address these limitations may reinforce students’ 

“greenhouse” conception, whereby the greenhouse glass prevents heat loss or “traps” all 

of the heat.  By addressing students’ conceptions of the greenhouse effect and designing 

curriculum and instruction that builds from students’ conceptions toward a scientific 
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perspective of the greenhouse effect, science educators develop the foundation from 

which an understanding of global warming and climate change may be anchored. 

 
Table 2.   The NRC 5-8 Standards 

Standard Standard Excerpt 
Physical Science Heat moves in predictable ways, flowing from warmer objects to 

cooler ones… 
 
The sun is a major source of energy for changes on the earth’s 
surface. . . . A tiny fraction of that light reaches the earth, transferring 
energy from the sun to the earth.  The sun’s energy arrives as light 
with a range of wavelengths, consisting of visible light, infrared, and 
ultraviolet radiation. 

Earth and Space 
Science 

The atmosphere is a mixture of nitrogen, oxygen, and trace gases that 
include water vapor. ... 
 
Living organisms have played many roles in the earth system, 
including affecting the composition of the atmosphere … 
 
The sun is the major source of energy for phenomena on the earth’s 
surface, such as growth of plants, winds, ocean currents, and the 
water cycle. . . .  

Science in 
Personal and 
Social 
Perspectives 

Human activities also can induce hazards through resource 
acquisition, urban growth, land-use decisions, and waste disposal.  
Such activities can accelerate many natural changes. 
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 Figure 1.  Examples of student drawings representing carbon dioxide as a layer in the 
atmosphere. 
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Figure 2.  Examples of student drawings representing radiative forcing as “sun rays”.  
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Figure 3.  Example of student drawings representing the greenhouse effect as a 
“greenhouse”.  (From Authors et al.) 
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Figure 4.  Textbook representation of the greenhouse effect: Greenhouse gas layer and 
air pollutants as greenhouse gases. 
 

 
From Lapinski, A. H., Schoch, R. M., and Tweed, A. (2003) Environmental science, page 366.  
Lebanon, IN: Addison Wesley Longman. 
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Figure 5. Textbook representation of the greenhouse effect: Air pollutants as greenhouse 
gases. 

 

 
From Sager, R. J., Ramsey, W. L., Phillips, C. R., and Watenpaugh, F. M. (2002).  Modern earth science, 
page 466. Austin, TX: Holt, Rineheart and Winston.  
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Figure 6.  Example of student drawing representing smoke and air pollution as the gases 
that cause the greenhouse effect. 
 
 

 


