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ABSTRACT
Article History This study was conducted with three aims. The first aim of our study was to
examine both construct-related validity and content validity of the
Received: 22 Feb 2022 Atmosphere-related environmental problems diagnostic test in Bosnia and
Herzegovina university student sample. The Atmosphere-related
Received in revised form: environmental problems diagnostic test is a three-tier multiple-choice

diagnostic test consisting of 13 questions on global warming, greenhouse
effect, ozone layer depletion and acid rain. The second aim of this study was
to examine scientific understanding as well as misunderstanding of
atmosphere-related environmental problems among B&H university student
sample. Finally, the third aim of our study was to compare scientific
understanding and misconceptions of the atmosphere-related environmental
problems with respect to educational background. A total of 445 students of
three faculty participated in the research. Results indicate that Atmosphere-
related environmental problems diagnostic test measures a single construct of
general scientific knowledge about atmosphere-related environmental
problems. In addition, the content validity and reliability were satisfactory.
Results obtained in our study show that students’ overall understanding of
each content area was low but comparable to knowledge of pre-service
teachers in the USA. Similar to earlier research, most incorrect answers
resulted from lack of knowledge rather than from misconceptions. Students
who attended ecology classes scored higher than students who had not
attended these classes. However, although having higher scores on
Atmosphere-related environmental problems diagnostic test, students who
attended ecology classes also exhibited more misconceptions related to
atmosphere-related environmental problems compare to who had not attended
ecology classes. This finding indicates that in the context of university
education in Bosnia and Herzegovina, one has to also check for possible
sources of didaktikogenic misconceptions related to environmental education.
Identifying and understanding their possible origins is critical for designing
better educational materials and programs.
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INTRODUCTION

Over the past decades, various studies were conducted that show us the effect of human
activities on climate changes on Earth. Although there are certain regional differences in
intensity and volume of climate changes, it is evident that the global sea level rise and rise in
surface temperature lead to an increased precipitation and the more extreme tropical storms
(Salinger, 2005; United Nation’s Intergovernmental Panel on Climate Change (IPCC), 2007).
Climate changes are globally one of the most serious problems that threaten our environment
with severe social, environmental and economic consequences. Climate changes may disrupt
food and water availability, energy production and consumption, plant and animal survival,
human health and social and political stability (Paterson, 1996). Climate change is the defining
issue that require serious attention of scientists, politicians and the public in general. Climate
change prevention requires an urgent international cooperation and consensus, as well as serious
changes in the modern lifestyle.

Education is crucial in understanding processes that cause climate change. It also contributes to
the scientific understanding of effects and causes of climate change. Compulsory education in
Bosnia and Herzegovina, elementary and secondary, offers classes on environmental issues
from 5" grade (11-year-old pupils) through the Nature and Society course while these issues
are taught in Chemistry, Biology and Geography in the secondary schools. Teaching in the
lower grades of elementary schools focuses on acid rain (AR) and ozone layer depletion (OLD).
Higher grades offer teaching on global warming causes and effects (GW), greenhouse effect
(GE), ozone layer depletion (OLD) and acid rain (AR). High schools continue education on
environmental issues and climate change in biology, chemistry and geography. Schools for
higher education offer relevant education on climate change in the biology, chemistry and
geography departments. Students therefore acquire practical and theoretical knowledge that
contribute to the scientific understanding of causes, processes and effects of climate change.

Relatively strong focus on climate change issues in the courses offered throughout the
compulsory education suggest that the high school graduates obtain solid knowledge on climate
change issues. Studies on the other hand show that many students and teachers have
misconceptions on these issues.

Misconceptions on environmental issues had been analyzed through various diagnostic
processes. Closed-form Likert type questionnaires (e.g. Boys et al., 1993,1995; Groves & Pugh,
1999, 2002; Michail, Stamou & Stamou, 2007; Pekel & Ozay, 2005), interviews (e.g. Pruneau
et al., 2001; Rye et al., 1997; Summers et al., 2000), and open-ended questionnaires (e.g.
Anderson & Wallin, 2000; Gowda et al., 1997, Papadimitriou, 2004), are the most common
methods in identifying environmental misconceptions.

Multiple choice tests are frequently used in the misconception studies. Although the
conventional multiple-choice tests are practical in evaluating content knowledge, test answers
do not provide profound understanding of misconceptions. Treagust (1988) developed the two-
tier test that requires an explanation for the answer given by the student. The two-tier test cannot
differentiate mistakes caused by the lack of knowledge from mistakes caused by the existence
of alternative conceptions. Thus, researchers introduced the level of certainty of the respondents
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for their answers to the first two tiers (Hasan et al., 1999) as a third tier. A right answer with a
high degree of confidence indicates a thorough understanding of the related concept. However,
answers with low confidence are considered as a lack of knowledge irrespective of if the answer
is correct or wrong. A wrong answer accompanied by a strong confidence level indicates the
existence of a misconception (Pesman & Eryilmaz, 2010). An enhanced version of the two tiers
tests are four tier tests, in which one tier measure the level of participants’ confidence in the
content and the addition tier measure confidence in the reason tiers.

In a lot of research, two/three/four-tier tests aiming to determine conceptual understanding in
science were used. This type of test were used to determine conceptual understanding in physics
(Pesman & Eryilmaz, 2010; Caleon & Subramaniam, 2010a; Kutluay, 2005; Chu et al., 2009),
chemistry (Costu et al., 2007; Tan et al., 2002; Cetin-Dindar & Geban 2011; Chandrasegaran
et al., 2007; Tan et al., 2002; Sreenivasulu & Subramaniam, 2013), biology (Sesli & Kara,
2012; Kilig¢ & Saglam, 2009; Yen et al., 2007; Mann & Treagust, 1998; Lin, 2004) and
environment (Griffard & Wandersee, 2001; Arslan et al., 2012; Cheong et al., 2015). A detailed
list of studies using tier tests can be obtained in the supplementary material of Cheong et al.
(2015).

With the aim to reveal common misconception of global warming (GW), greenhouse effect
(GE), ozone layer depletion (OLD), and acid rain (AR) Arslan et al. (2012) develops and
validate a three-tier multiple-choice diagnostic test, the atmosphere-related environmental
problems diagnostic test (AREPDIT). The instrument comprised of 13 questions, each one
having a standard format of three tiers: the content tier, the reasoning tier and the confidence
tier. To differentiate a lack of knowledge from a misconception, a certainty response index is
added as a third tier to each item. As Arslan et al. (2012) stated, the overall response possibilities
to the instrument bring out five categories: Scientific knowledge, Misconception, False
positives/negatives, Lucky guess, and Lack of knowledge. Results obtained in Arslan et al.
(2012) study indicate that the AREPDIT is a reliable and valid instrument not only to identify
pre-service teachers’ misconceptions about GW, GE, OLD, and AR but also to differentiate
these misconceptions from lack of knowledge. The results also indicate that a majority of the
respondents demonstrated limited understandings about atmosphere related environmental
problems.

Our study was conducted with three aims. The first aim of our study was to examine both
construct-related validity and content validity of the AREPDIT in Bosnia and Herzegovina
university student sample. The second aim of this study was to examine scientific understanding
as well as misunderstanding of atmosphere-related environmental problems among B&H
university student sample. Finally, the third aim of our study was to compare scientific
understanding and misconceptions of the atmosphere-related environmental problems with
respect to educational background.

In the line with aims, the following research questions of our study were stated: 1. What is the
constructive and content validity of AREPDIT in the sample of students from the university in
Bosnia and Herzegovina? 2. How do students at universities in Bosnia and Herzegovina
understand environmental problems related to the atmosphere? 3. What is the understanding of
these problems among students with different educational backgrounds.
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METHODOLOGY
Sample

Study was conducted on 445 under-graduate students in departments of biology, geography,
chemistry, mathematics, mathematics-physics and physics at the Faculty of Natural Science,
Mathematics and Education in Mostar, Teachers Faculty "DZemal Bijedi¢" in Mostar and the
Faculty of Natural Science and Mathematics in Sarajevo. In our research, 22,7% of the total
examinees were male. The average age of examinees was M=20,1 (SD=0,78). Our research
includes the first-year students (33,9%), the second-year students (3%), the third year students
(22,7%) and the fourth year students (40,4%).

Instruments

Diagnostic test on atmospheric environmental problems (AREPDIT) Arslan et al. (2012)
includes 13 tier questions on global warming, greenhouse effect, ozone layer depletion and acid
rain. The first tier contains conventional multiple-choice questions that offer two to five options.
The second tier offers an explanation of the answer given in the first tier. Students are given 4
to 6 possible options (one correct answer and alternative answers). The third tier determines the
level of certainty in the answers given in the first two tiers. Our research determines the certainty
degree via Likert 5 points scale (1 - not at all certain to 5 —absolutely certain). Topics comprised
in AREPDIT are being taught to students in layered structure.

The first author of our research and an expert in climate change had analyzed contents of
questions in AREPDIT from a perspective of educators that are involved in determining
teaching programs that cover atmospheric environmental problems. They confirmed that topics
comprised in AREPDIT are being taught to students in Bosnia and Herzegovina.

Data collection and analysis

The AREPDIT was administered to the students during the regular classes. Students completed
the test in a group. The survey administration lasted approximately 25-35 min. All the statistical
calculations were performed by Microsoft Office Excel and IBM SPSS Statistics v. 20.

In line with standard procedure (Pesman & Eryilmaz, 2010), based on the obtained data the
following eight scores were calculated: 1) The first tiers. Only the first-tier scores are
considered. The correct answer in the first tier is scored 1, incorrect 0. 2) Both tiers. The first-
and second-tier scores are considered. Correct combinations are scored 1; other combinations
are scored 0. 3) Total. All three tiers’ scores are considered. Correct combinations of the first
and second tiers with a circled “certain” and “absolutely certain” in the third tier are scored 1
point; all other combinations are scored 0 points. Total score is indicator of scientific
knowledge. 4) Certainty. Only the third-tier score is considered. 5) Lack of knowledge.
Combinations of responses from all three tiers are used as indicator of lack of knowledge
(correct/incorrect/uncertain, incorrect/correct/uncertain, and incorrect/incorrect/uncertain). 6)
Misconception first tiers (M-first tiers). 7) Misconception both tiers (M-both tiers), and 8)
Misconception all tiers (M-all tiers).

120



. Journal of STEAM Education ‘ ! s
J - SI\E M Journal of Science, Technology, Engineering, S E A\ Mt
o%e Mathematics and Art Education Egitini Arastirmalary Dernegi

2022, July (Issue: 2, Volume: 5)

RESULTS AND DISCUSSION
Validity evidence with regard to the AREPDIT

The first aim of this study was to examine both construct-related validity and content validity
of the AREPDIT in Bosnia and Herzegovina university student sample. Firstly, exploratory
factor analysis was conducted to identify the factor structure of the test. In addition, the
correlation between score 2 and confidence levels as well as correlation between misconception
score 2 and confidence levels were examined. Finally, the percentage of false positives and
false negatives were calculated for content validity.

To examine construct validity of AREPDIT the exploratory factor analysis (EFA) was
employed for both correct scores depending on the answers given to the three-tier questions.
When factor analysis is used to test the construct validity of an instrument, it is important to
take into account the measurement scale that is being used (Maydeu & D’Zurilla, 1995; Flora
et al., 2003). With respect that scores are binary (correct vs. incorrect) and that distributions of
items are asymmetric or with excess of kurtosis polychoric correlations, rather than the Pearson
correlations is advised when carrying out this kind of analysis (Muthén & Kaplan, 1985, 1992).

The EFA was computed using FACTOR (Ferrando & Lorenzo-Seva, 2017; Lorenzo-Seva &
Ferrando, 2006), a comprehensive and user-friendly program for fitting exploratory and semi-
confirmatory factor analytic models (see Ferrando & Lorenzo-Seva, 2017 for conceptual view
of the origins and development of FACTOR). The polychoric matrix of correlations was
analyzed and principal component analysis was specified as method for components extraction.
As measures of sampling adequacy of the data for conducting factor analysis, the Kaiser-Meyer-
Olkin (KMO) measure and Bartlett’s sphericity test were applied. The obtained results of
Kaiser-Meyer-Olkin (KMO) test (0.75978) indicate fair sampling adequacy whereas value of
Bartlett's statistic (x*>=641,6, p=0,00001) indicate suitability of data for structure detection. The
analysis was conducted with specifying four components due to four groups of items (GW, GE,
OLD and AR). Parallel Analysis (PA) was used as a technique for determining the number of
retained components. A total of 500 random polychoric correlation matrices were created using
method of permutation of the raw data (Buja & Eyuboglu, 1992). Only one eigenvalue derived
from the actual data (A=5.28306) was greater compare to eigenvalues derived from the random
data (A=2.05729) indicating one significant component. This component explains 40,64% of
total variance. In conclusion, the results of EFA indicate that all correct scores of three-tier
questions were loaded under one component, which could be named as general scientific
knowledge about atmosphere-related environmental problems.

According to Cataloglu (2002) and Pesman and Eryilmaz (2010), higher correlation between
two-tier composite score and confidence tier composite score indicate construct validity of the
three-tier test. If test items work properly, it could be expected that students with higher score
are more confident in their answers than students with low scores (Cataloglu, 2002). Therefore,
Pearson-product moment correlation coefficient between two-tier composite scores and
confidence tier composite scores of the AREPDiT was calculated. Moderate positive correlation
was obtained (1= .29, p<.01). It can be concluded that items of the AREPDiT work properly.
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As Hestenes and Halloun (1995) claimed, the advantage of the three-tier test is the opportunity
to calculate percentage of false positive and false negative to establish evidence of content
validity of the test. Namely, minimization of the probability of false positive and false negative
provides greater validity in multiple-choice test. Percentages of false positive and false negative
were calculated by the combinations of ‘correct and incorrect and certain’ and ‘incorrect and
correct and certain’ respectively. Table 1 shows the percentages of false negatives and false
positives item by item.

Table 1. Percentages of false negatives and false positives

Item
M SD
1 2 3 4 5 6 7 8 9 10 11 12 13
False 27 07 1,1 34 07 02 32 02 56 1,1 48 14 25 21 17
negative
False 50 14 70 72 14 05 34 02 07 02 48 1,1 14 26 25
positive

Mean percentage of false positive (M=2,6; SD=2,5) is higher compare to mean percentage of
false negative (M=2,1; SD=1,7), what is in line with Hestenes and Halloun (1995) explanation
that the percentages of false positives are higher than the percentages of false negatives because
reducing the probability of false positives is more difficult. The highest percentage of false
negative were obtained for Item 9 (5,6%) and Item 11 (4,8%) what could be attributed to failure
of some student to give sufficient attention to avoiding errors as Hestenes and Halloun (1995)
suggested. When the percentages of false positives were checked, the highest percentages were
obtained for greenhouse effect Item 3 (7%) and Item 4 (7,2%). Even having some
misconceptions regarding greenhouse effect, students might select the correct choice in the first
tier (see table 4). Taken together, it could be concluded that percentages of false negatives and
false positive for all the items were smaller than 10 percentages, indicating satisfaction validity
of the test.

Descriptive statistics of the AREPD:T total score

Since thorough understanding of the concepts include correct answer on content and reason tier
accompanied by high confidence (Hasan, Bagayoko, & Kelley, 1999; Caleon & Subramaniam,
2010) descriptive statistics are conducted over the sum of correct responses to both first and
second tiers along with being certain (correct and correct and certain). The overall descriptive
statistics and the item analyses have been summarized in Table 2.

The highest score obtained in our study is 11 and the lowest is 0. The mean was M=1,77 (SD =
2.07) out of 13 and was very small, what indicate difficulty of the AREPDiT. The difficulty
indices of the AREPDIT items indicated that the test was very difficult for students. Difficulty
levels of all items except for Item 7 were below .40, with a mean of M=0.14. Skewness of the
results also support this claim (Skewness=1,581, p<0,01).
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Table 2. Descriptive statistics of the AREPDIT total score

Statistics Value
Number of items 13
Number of participants 445
Mean 1,77
Median 1
Standard deviation (SD) 2,07
Minimun 0
Maximun 11
Skewness 1.581**
Kurtosis 2.805%*
Cronbach alpha 0,706
Difficulty indices

Mean 0,14

n of items < 0.10 3

n of items (0.10-0.19) 8

n of items (0.20-0.29) 1

n of items (0.30-0.39) -

n of items (0.40-0.49) 1
Point biserial correlation

Mean 0,480

n of items (0.30-0.39) 2

n of items (0.40-0.49) 5

n of items (0.50-0.59) 6

** p<0,01

However, item discrimination indexes indicate that items are able to distinguish between
students who are knowledgeable and those who are not. As seen from Table 2, most of the
point-biserial correlation coefficients are equal or above 0.30 indicating good to excellent items
regarding discrimination (according to Crocker & Algina, 2008). In addition, the mean point-
biserial correlation coefficient of the AREPDIT is good (rpp=0.55). Item discrimination analysis
indicates that the items and a test as a whole can effectively discriminate between students
having high and low levels of conceptual understanding of atmosphere-related environmental
problems. Finally, Croanbach’s alpha reliability coefficient was found to be o= .706 which can
be considered acceptable internal consistency according to criterion-referenced tests (Crocker
& Algina, 2008; Kane, 1986)

Students’ understanding of the atmosphere-related environmental problems
The percentages of student’s correct responses according to only the content tiers, both content

and reason tiers, and all three tiers as well as percentages of student’s lack of knowledge and
mean of confidence level are given in Table 3. The first tier shows the percentages of the
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student’s correct responses based on the first (content) tier. Both the first and the second tiers
shows the percentages of the student’s correct responses to both the first (content) and the
second (reason) tiers. All three tiers shows the percentages of student’s correct responses to
both the content and reason tiers and also were certain about their answers. Lack of knowledge
is the percentages of students who were uncertain regardless of their responses. Confidence
level shows the mean value of the student’s certainty regardless of their response to the content
and reason tier.

Table 3. Percentages of students’ correct responses, lack of knowledge and mean values of
confidence level

% Correct responses
Both the first and  All three

% Lack of Confidence

Item First tiers the second tiers tiers knowledge level

1 30,2 15,8 6,8 54,4 3,31

2 36,0 32,5 11,1 42,0 3,31

GW 5 18,7 11,0 2,7 62,8 3,02
6 242 233 14,0 45,0 3,43

M 27,3 20,7 8,7 51,1 3,27

SD 7,5 9,4 49 9,4 0,17

3 77,3 50,9 20,0 35,4 3,17

GE 4 55,0 29,3 11,0 49,0 3,18
M 66,2 40,1 15,5 42,2 3,18

SD 15,8 15,3 6,4 9,6 0,01

7 68,1 61,9 40,2 22,1 3,67

8 24,5 23,9 10,1 53,5 3,16

9 31,8 27,9 15,7 42.5 3,42

OLD 10 30,3 27,2 13,3 40,9 3,42
M 38,7 35,2 19,8 39,7 3,42

SD 19,9 17,9 13,8 13,0 0,21

11 46,3 30,6 12,8 52,1 3,09

12 13,9 9,9 6,1 64,9 3,11

AR 13 42,2 33,6 13,5 48,1 3,08
M 34,1 24,7 10,8 55,1 3,09

SD 17,6 12,9 4,1 8,8 0,02

TOTAL M 38,4 29,1 13,6 47,1 3,26
SD 19,0 14,5 9,1 11,3 0,19

As Table 3. illustrates, the total percentage of correct answers decreases as the number of tiers
that are taken into account increases. More specifically, the mean percentage of total correct
responses in content tiers was M=38,4% (SD = 19,0%), both content and reasoning tiers was
M= 29,1% (SD = 14,5%,) while in all three tiers was M=13,6% (SD = 9,1%). The mean
difference between the content tiers and all three tiers (M=24,7%) is noticeable. Almost quarter
of students who correct answer on the content tier was unable to choose correct reason and
showed confidence. The mean difference between the correct responses with regard to both and
all three tiers (M=15,4) is also meaningful and correspond to students who demonstrate lack of
confidence. In general, differences can be explained by lack of knowledge, lack of confidence,

124



Journal of STEAM Education

J - SI\E A M Journal of Science, Technology, Engineering, S E A\ M{El
o®0o

Mathematics and Art Education Egitimi Aragtirmalary ]59‘"“1553“1
2022, July (Issue: 2, Volume: 5)

or misconceptions. The same pattern of decrease of percentage of correct answers as the number
of tiers increase is obtain for each content area (GW, GE, OLD, and AR). As can be seen from
Table 4, the students’ overall understandings of each content area are low (Mgw=8,7%,
Mge=15,5, Morp=19,8, and Mar=10,8). This low rate could be explained by the complex and
abstract nature of the concepts of atmosphere-related environmental problems (Boyes &
Stanisstreet, 1992; Cordero, 2001) as well as their educational background.

Although students’ overall understandings of atmosphere-related environmental problems were
very low, their confidence level were above moderate (M=3,26; SD=0,19). Overconfidence
obtain in this study is in line with findings in other study in domain of psychology (Pallier et
al., 2002; Renner & Renner, 2001) and educational study (Arslan et al., 2012; Caleon &
Subramaniam, 2010; Taslidere, 2016).

The overall lack of knowledge mean percentage was M=47,1% (SD=11,3) indicated that almost
half of the students had no understanding or were confused about their understanding of
atmosphere-related environmental issues. The highest mean percentage of lack of knowledge
were obtained for AR (M=55,1%; SD=8,8%) and for GW content area (M=51,1%; SD=9,4%).
Somewhat lower mean percentage of lack of knowledge were obtained for GE (M=42,2%;
SD=9,6%) and for OLD content area (M=39,7%; SD=13,0%).

With regard to percentages of the all three tiers score of each item, students demonstrated the
higher percentage of scientific knowledge for Q7 (M=40,7%), which is about the nature of the
ozone layer, and they were very certain of their answers (M=3,67). What follow is Q3
(M=20%), the question about greenhouse effect. The lowest percentages of scientific
knowledge were obtained for Q5 (M=2,7%), which is about the changes in the composition of
the atmosphere, and for Q12 (M=6,1%), the question about acid rain. For these two items the
highest percentage of lack of knowledge were obtained (M=62,8% and M=64,9%,
respectively).

In general, students’ understanding of the atmosphere-related environmental problems is low.
Results obtain in our study show low rate of correct responses with high certainty, what Hasan,
Bagayoko, and Kelley (1999) interpreted as the indicator of misconception, an aspect which
will be discussed in the next section.

Student’s prevalent misconceptions
The percentages of the students holding misconceptions considering only the content tiers (M-

first tiers), both content and reason tiers (M-both tiers), and all three tiers (M-all tiers) are
summarized in Table 4.
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Table 4. Percentage of one-tiered, two-tiered and three-tiered misconception

i i M-first M-both M-all
Misconceptions

tiers tiers tiers
1. GW is caused by OLD 57,5 21,2 7,9
2. GW will cause skin cancer 23,0 22,7 8,1
3. AR s aresult of GW 41,0 38,0 13,8
4. Recycling more paper is not an effective cure for GW 37,7 31,8 10,2
5. Generating electricity from renewable sources does not help to 15.8 12.6 45

reduce GW ’ ’

6. Stopping the usage of CFCs is not a cure for GW 27,5 21,6 10,9

7. GW can be reduced by setting limitations on chemical waste

be rec 454 34,6 12,9
released into rivers

8. GW can be reduced without building nuclear power plants 21,0 19,0 9,7
9. Set a limit on pesticide usage on farmland 9,5 9,0 2,7
10. GE is not a natural phenomenon 8.3 4,5 1,1
11. Carbon dioxide (CO2) is the only gas that increases 14,2 6,3 2,2
12. GE is a totally harmful phenomenon for mankind 41,4 26,3 9,5
13. GE is a totally helpful phenomenon for mankind 1,8 0,9 0,2
14. GE has no effect on mankind 1,6 0,9 0,2
15. The ozone layer protects the Earth from AR 6,3 4,0 0,9

16. The ozone layer helps to keep the Earth’s temperature

6,3
stable to make it livable 25,6 16,7

17. CO2 depletes the ozone layer in the stratosphere 28,4 26,6 8,6
18. GE leads to OLD 20,7 18,3 6,1
19. Nuclear power plants affect the depletion of the ozone layer 11,5 8,3 1,1
20. Carbon monoxide (CO) causes OLD 14,9 12,0 2,9
21. OLD causes an increase in the number of floods 3,6 2,3 0,9
22. Too much sun rays enter the atmosphere by OLD 16,9 0,0 0,0
23. OLD lets the air escape from the atmosphere 2,5 0,0 0,0
24, Using public transportation reduces OLD 5,2 3,6 2,3
25. Using filters for smoke from factories and cars reduces OLD 64,5 29,7 12,8
26. OLD leads to AR 13,5 1,1 0,0
27. Methane (CH4) from landfills leads to AR 40,2 10,1 1,6
28. OLD becomes worse by AR 19,8 11,3 2,5
29. AR leads to an increase in GW 13,0 7.4 0,7
30. AR helps some plants and animals to survive 24,7 5,2 0,5
31. AR can burn everything that it comes in contact with 28,5 25,2 11,3

32. Avoiding activities that damage the ozone layer

6,5
is a precaution for AR 28,2 19,4

33. CO is the main culprit of AR 293 25,1 7,2
M 22,5 14,4 5,0
SD 15,8 11,2 4,5
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Table 4. shows that, as the number of tiers increased, the percentage of students holding
misconceptions decreased. For example, 64,5% of the students hold misconception M25 (Using
filters for smoke from factories and cars reduces OLD) according to the first tiers of the related
item (item 10). However, the value decrease to 29,7% after both content and reason tiers were
taken into account, indicated that 34,8% of students selected misconception alternatives in the
content tiers, but not related alternatives of M25 at the reason tiers. Furthermore, when all three
tiers are taken into account, 12,8% of the students select both the content and the reason tiers,
and denoted confidence in terms of the confidence tiers.

The differences between mean percentage of both tiers and all three tiers indicated that16,9%
of students selected the misconception alternatives in previous tiers but showed uncertainty at
the confidence tiers. In line with explanation given by other authors (Arslan, Cigdemoglu, &
Moseley, 2012; Hasan, Bagayoko, & Kelley, 1999; Kanli, 2014; Korur, 2015; Pesman &
Eryilmaz, 2010) it seems that this 16,9% of the students had lack of knowledge rather than
having corresponding misconception. Similar decreases are also noticeable with regard to all
other misconception, what is expected because, as Pesman and Eryilmaz (2010) explained,
student can wrongly select any specific misconception alternative at the content tier, but it is
hard to find an explanation supporting that misconception at the reason tier, and to indicate
confidence at the confidence tier.

Prevalent misconceptions were associated with all three tiers misconception alternatives that
were selected by at least 10% of the sample, criteria proposed by Arslan, Cigdemoglu, and
Moseley (2012), Caleone and Subramaniam (2010), Tan et al. (2002) and Taslidere (2016). As
seen from the M-all tiers percentages in Table 4, the students hold the six prevalent
misconceptions with percentages equal to or greater than 10. The prevalent misconceptions
identified in this study are:

o AR is a result of GW (M3),

o Recycling more paper is not an effective cure for GW (M4),

o Stopping the usage of CFCs is not a cure for GW (M6),

o GW can be reduced by setting limitations on chemical waste released into rivers (M7),
o Using filters for smoke from factories and cars reduces OLD (M25),

o AR can burn everything that it comes in contact with (M31).

Scientific understanding and misconceptions of the atmosphere-related environmental
problems with respect to educational background

The final aim of the study was to compare scientific understanding and misconceptions of the
atmosphere-related environmental problems with respect to educational background. Figure
1 summarizes the mean scores for students who attend ecology classes and students who did
not attend ecology classes on scientific understanding and misconception of the atmosphere-
related environmental problems. The scientific understanding was calculated as a mean number
of all-three tiers correct response, whereas misconception of the atmosphere-related
environmental problems as mean number of M-all tiers.
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Consistent with expectation, the group of students who attend ecology classes obtain higher
average results of scientific understanding (M=2,16; SD=2,15) than did group of students who
did not attend ecology classes (M=1,32 SD=1,86), t(443)=4,353, p<0,001. Furthermore, the
group of students who attend ecology classes obtain higher average misconceptions (M=1,82;
SD=1,66) than did group of students who did not attend ecology classes (M=1,46 SD=1,80),
t(443)=2,188, p<0,05.

o
1

—

—

SCIENTIFIC KNOWLEDGE
2

MISCONCEPTION ALL-TIERS

T T
not attending cimate change lectures attending climate change lectures not attending cimate change lectures attending cimate change lectures

Figure 1. Means and corresponding 95% confidence intervals of the mean on the scientific
understanding and misconceptions of the atmosphere-related environmental problems

CONCLUSION AND IMPLICATION

The aim of this study was threefold. Firstly, we examined both construct validity and content
validity of the AREPDIT in Bosnia and Herzegovina university student sample. Further, we
examined scientific understanding as well as misunderstanding of atmosphere-related
environmental problem among B&H university student sample. Finally, the third aim of our
study was to compare scientific understanding and misconceptions of the atmosphere-related
environmental problems with respect to educational background.

For purposes of gathering evidence for construct validity, the principal component analysis was
conducted on all three tiers of response. One component has been extracted which suggested
that, implemented with university students in Bosnia and Herzegovina, AREPDiT measures a
single construct which is general scientific knowledge about atmosphere-related environmental
problems. On the other hand, in the study by Arslan, Cigdemoglu, and Moseley (2012) no
reasonable factors could be obtained which was explained by loose relationship between the
individual items. This once more speaks for the fact that validity is a situation-specific concept
(McMilan & Schumacher, 2006) and shows that in the context of university students from
Bosnia and Herzegovina it is reasonable to calculate and interpret composite scores for the
whole AREPDIT scale. Further, a moderate and statistically significant correlation between
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correct scores and confidence scores has been found, which additionally speaks for construct
validity (Cataloglu, 2002).

Content validity of AREPDIT has been checked through the analysis of false positives and false
negatives. For none of the items the percentage of false positives and false negatives was above
10% which is an evidence for good content validity. Similar results were obtained by Arslan,
Cigdemoglu, and Moseley (2012). However, in the study by Kahraman (2019) for two items
the percentage of false positives was above 10%. We can conclude that compared to similar
research, the level of content validity for our study was satisfactory.

Besides allowing us valid conclusions about students’ knowledge on atmosphere-related
environmental problems, it has been also found that AREPDiT scores for the Bosnia and
Herzegovina university students sample may be considered as reliable.

Generally, the results of our study show that Bosnia and Herzegovina university students’
knowledge about atmosphere-related problems are low but comparable to knowledge of pre-
service teachers in the USA (Arslan et al., 2012; Kahraman, 2019). Similar to earlier research,
most incorrect student answers resulted from lack of knowledge rather than from
misconceptions. Students who attended ecology classes scored higher than their peers who had
not attended these classes. However, it is even more important to note that although having
higher scores on AREPDIT these same students also exhibited more misconceptions related to
atmosphere-related environmental problems. This finding indicates that in the context of
university education in Bosnia and Herzegovina one has to also check for possible sources of
didaktikogenic misconceptions (Zajkov, Gegovska-Zajkova, & Mitrevski, 2017) related to
environmental education.

As in the study conducted by Arslan et al. (2012) six misconceptions held by more than 10%
of students could be identified. It is interesting to note that two of the misconceptions detected
in the study by Arslan et al. (2012) were also detected in our study. One is related to the
erroneous belief that acid rains are a result of global warming and the other is that chemical
waste released into rivers is one of the reasons for global warming. Relating river pollution with
global warming was also very common in the study by Kahraman (2019).

It is important to consider why some of the prevalent misconceptions identified in our study
arise. Identifying and understanding their possible origins is critical for designing better
educational materials and programs. The occurrence of these misconceptions could be related
to different factors.

Students in higher education institutions rarely have the opportunity to obtain quality
information related to climate change. It is often the case that curricula rely on outdated
knowledge, and there is no interconnectedness between different subjects in order to address
topics related to environmental issues in a clear way (Rajeev, 1997).

One of the reasons for the misconceptions related to climate change among students is the
information that students receive from the media (Michail et al., 2007; Kahraman, 2020). The
media most often transmit incomplete and distorted information related to environmental
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problems, which is justified by the task of the media to inform the public rather than educate
(Dunwoody, 1992). There is also a difference in the knowledge of climate change among people
who are more informed from the print media compared to those who receive news through
television (Morgan & Moran, 1995). Also, most contributions related to scientific research
contain a large number of factual errors leading to a misunderstanding of scientific studies
(Singer & Endreny, 1993).

Fischhoff and Furby (1983) developed a research program that addresses the psychological
dimensions of climate change to better understand the heuristics or mental shortcuts that people
use to understand complex and uncertain threats such as climate change. This heuristic, used
by both experts and lay people, often leads individuals to misjudge complex phenomena
(Rajeev, 1997). Slovic et al. (1993) showed that humans are particularly vulnerable to the use
of heuristics in the context of environmental risks. One example is the availability heuristic,
according to which people estimate the frequency of problems according to how easily they
remember certain evidence, while the other example is the representativeness heuristic, where
people generalize based on limited evidence, ignoring basic statistical principles.

Although students have expressed pro-environmental views in most studies, this can lead to a
combination of all adverse environmental impacts resulting in unclear knowledge related to
climate change. Based on this, students can “assume” that any damage to the environment could
lead to global climate change. For many students, these concepts are not yet clear enough to
allow for a sophisticated consideration of cause and effect, resulting in confusion around critical
issues related to climate change (Rajeev, 1997).

The effectiveness of educational messages often depends on trust in the source of the
information. Rajeev (1997) states that students trust scientists the most, followed by teachers,
and environmental groups and newspaper media. Government officials, family and friends had
poor results on the scale with low confidence. The enormous level of trust in scientists gives
both the opportunity and responsibility to the scientific community to play an active role in
strengthening students’ knowledge of climate change and of the actions that students can take
to prevent it (Wachholz, Artz, & Chene, 2014). Together with educators, who are also trusted,
scientists can help students increase understanding and especially help them avoid the
significant misconceptions found in this and other studies.

The AREPDIT can be administered to university students before and after the instruction on
atmosphere-related environmental problems to gain a deeper understanding of the different
views that students have on the particular topic. The results obtained by this instrument could
help educators to develop the appropriate teaching-learning sequences to better address their
ideas. As it is proposed by Arslan et al. (2012), the instrument could be used by educators as a
tool for evaluating the effectiveness of their instruction.

This study has certain limitation. The AREPDIT is a three-tier instrument, means that it includes
only one level of confidence for the answers at first and second tiers (content and reason).
Therefore, it is unclear whether the confidence level is different for each tier. In the future
studies a four-tier test should be applied.
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