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Introduction

Photosynthesis is an essential biochemical process in which energy-rich
organic nutrients for photosynthetic as well as heterotrophic organisms are
produced from simple inorganic molecules. It is one of the central topics in
school biology and therefore included in most biology curricula. It provides
a basis for understanding ecosystems (Eisen & Stavy, 1988; Stavy, Eisen, &
Yaakobi, 1987; Taiz & Zeiger, 2006).

For students, photosynthesis is one of the most challenging biology
topics (Gobec & Strgar, 2019; Marmaroti & Galanopolou, 2006; Stavy, Eisen, &
Yaakobi, 1987; Svandova, 2014; Waheed & Lucas, 1992). One of the reasons for
thisis thatitis an abstract process that cannot be observed with the naked eye
(Brown & Schwartz, 2009; Russel, Netherwood, & Robinson, 2004). Itis also a
complex topic that requires understanding of several fundamental concepts
(gas, transformation of energy, chemical transformation) and how they are
interconnected (Helldén, 2005; Hogan & Fisherkeller, 1966; Magntorn & Hell-
dén, 2007; Marmaroti & Galanopolou, 2006) which students find difficult to
comprehend (Barker & Carr, 1989; Bell, 1985; Simpson & Arnold, 1982; Waheed
& Lucas, 1992). As a consequence, students learn it by rote, which renders
their knowledge of photosynthesis unusable (Cafal, 1999). Furthermore, this
type of learning process does not influence students’misconceptions, so they
do not develop their understanding of photosynthesis.

The traditional method of teaching photosynthesis usually involves
describing the process while using a great deal of terminology not previously
known to students. Often this process is taught only on a molecular level,
despite the lack of chemical knowledge among many students (Ameway,
2016). It had become evident that for most students, traditional lessons were
not effective in accomplishing educational objectives of photosynthesis as
students were unable to understand this process even after a relatively long
time of learning, (Anderson, Sheldon, & Dubay, 1990; Marmaroti & Galano-
polou, 2006; Movahedzadeh, 2012; Nas, 2012).

Considering photosynthesis, students had difficulties understanding
(1) reactants and products, (2) chemical changes (they lack the concept of
substance transformation), and (3) chemical reactions involving gases (An-
derson, 1986; Barker & Carr, 1989; Carlsson, 2002; Hesse & Anderson, 1992;
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Abstract. This research aimed to assess
the influence of the method of conceptual
change on understanding the concept

of increasing the mass of plants among
414 students in agricultural education in
Slovenia. In photosynthesis, biomass is pro-
duced, so understanding these processes

is essential for successful agriculture. Data
were collected using a knowledge test and
a questionnaire that were administered
before and after the traditional and experi-
mental teaching units. The results allowed
the conclusion that the method of the
conceptual change (experimental teach-
ing unit) was significantly more effective
than the traditional method in improving
the understanding of the contribution of
solar energy and carbon dioxide to the
increase in the mass of plants. There was no
significant difference in the improvement
of knowledge about the contribution of the
minerals that plants receive through their
roots. Understanding the contribution of
water to the increase of the mass should be
tested further because of the unexpected
misconception that influenced the results
that was found among students. Students’
attitudes toward biology and photosynthe-
sis were significantly better after the experi-
mental teaching unit. Considering these
findings, other topics should be prepared
using the method of the conceptual change
to assist biology and science teachers in
agricultural education.
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Johnson, 2000; Marmaroti & Galanopolou, 2006). Students also confused photosynthesis and cellular respiration, and
thought that photosynthesis took place during the day and cellular respiration at night (Amir & Tamir, 1994; Cafal,
1999; Eisen & Stavy, 1988; Haslam & Treagust, 1987; KOse, 2008; Radanovi¢ et al., 2016; Stavy, Eisen, & Yaakobi, 1987).

Carbon dioxide, as a gas that enters the process of photosynthesis, has a small mass. Students’ naive concep-
tion was, therefore, that it could not contribute to the increased mass of plants (Eisen & Stavy, 1988; Parker et al.,
2012). Students also believed that minerals received from the soil significantly added to the mass of plants (Parker
etal., 2012). Many students classified sunlight as a reactant in photosynthesis (i.e., a substance that is incorporated
into the mass of plants) and not as a source of energy for this process (Anderson, Sheldon, & Dubay, 1990; Barker
& Carr, 1989; Carlsson, 2002; Eisen & Stavy, 1988; Parker et al., 2012; Marmaroti & Galanopolou, 2006; Stavy, Eisen,
& Yaakobi, 1987; Waheed & Lucas, 1992).

Several suggestions have been made regarding how to improve the teaching of photosynthesis. Among them,
Nas (2012) suggested that fewer formulas should be used in class, and when used, the formulas should be connected
with specific living plant material. Helldén (2005), and Nas and Ottander (2008) also stressed the importance of the
use of living plant material for understanding photosynthesis and the development of ecological understanding.

Problem of Research

Most of the research about the understanding of photosynthesis was done in the 1990s. It showed that people
of all ages (from pupils to adults) held similar misconceptions about photosynthesis, and that the amount of sci-
ence education they had received did not directly influence their misconceptions (Amir & Tamir, 1994; Anderson,
Sheldon, & Dubay, 1990; Cafal, 1999; Eisen & Stavy, 1992; Waheed & Lucas; 1992). More recent research showed
similar results about the knowledge of photosynthesis (Duschl, Schweingruber, & Shouse, 2007; Gobec & Strgar,
2019; KOse, 2008; Nds, 2012; Marmaroti & Galanopolou, 2006; Ross, Tronson, & Ritchie, 2006; Skribe Dimec & Strgar,
2017; Svandova, 2014; Yenilmez & Tekkaya, 2006). This showed that improvements that had been suggested as a
consequence of findings in previous research were either not implemented in teaching and learning processes
or were not effective.

Photosynthesis is essential in the food chain and, more broadly, it is connected to topics such as global climate
change (Koba & Tweed, 2009). Understanding concepts related to photosynthesis (release of oxygen from plants,
respiration, autotropism, nutrients, exploitation of sunlight energy) is a prerequisite for understanding relations
between organisms in the ecosystem and the functioning of ecosystems (Eisen & Stavy, 1988) which is one of the
main goals of biological education. Especially students in the field of agriculture should understand basics of biology
to be able to cooperate fully in their workplace and make proper decisions about topics connected to agricultural
production and processing (Warnick, Thompson, & Gummer, 2004), so they do not implement senseless measures
that are detrimental to the environment, society, and human health.

In Slovenia, secondary school students in agricultural education (vocational programmes of Country Farmer
and Gardener, and technical programmes of Agricultural-Entrepreneurial Technician and Horticultural Technician)
lacked satisfactory knowledge of photosynthesis and also held characteristic misconceptions about it (Gobec &
Strgar, 2019). One of their misconceptions that is of great importance for agricultural production was the concept
of increasing the mass of plants. If this misconception could be effectively approached, then the method could
be applied in teacher education programmes in agricultural education and further in educational settings (Clark,
Threeton, & Ewing, 2010).

Research Focus

Yenilmez and Tekkaya (2006) reported that teaching using the method of conceptual change significantly
improves the understanding of students on all levels of education and is especially effective in topics about which
students hold misconceptions, which is true for photosynthesis. Based on this, the following research questions
were formulated:

e Couldteaching unitthatincludes the method of conceptual change bring about better understanding
of the concept of increasing the mass of plants than traditional teaching unit could?

e [sthe effectiveness of the method of conceptual change related to the students’attitudes toward biol-
ogy and photosynthesis?
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General Background

INCREASE
(P. 569-582)

The research design was quantitative and quasi-experimental in nature. Descriptive and correlational methods
were used. Knowledge of Slovenian students in agricultural education about the factors that contribute to increas-
ing the mass of plants and their attitudes toward biology and photosynthesis were explored by administering a

knowledge test and a questionnaire. The research was conducted in the 2017-18 school year.

Sample

In the sample were included all the students from one agricultural school in Slovenia (School Centre Sentjur)
who attended classes at the time this research was conducted (N = 414). There were 45.2% of female participants
in the sample. Students involved in the research attended four types of educational programmes: first to fourth
year of secondary technical programmes, first to third year of secondary vocational programmes, first to second
year of vocational-technical programmes, and first to second year of vocational college (Table 1). In pre-test all
414 students took part. Then the students in each class were randomly allocated to either control (n = 202) or
experimental (n = 211) group (with one student absent).

The research was anonymous. Approval to conduct it was secured from the School Centre Sentjur authorities,
the parents of all underage participants, and the adult participants themselves.

Table 1. Distribution of participants according to the educational programme and year of study.
Participants

Educational programme Year of study Typical age N f(%)
Secondary technical and vocational 1 15 61 14.7
Secondary technical and vocational 2 16 64 15.5
Secondary technical and vocational 3 17 76 18.4

Secondary technical 4 18 20 48

Vocational-technical 1 18 31 75

Vocational-technical 2 19 21 5.1
Vocational college 1 19 87 21.0
Vocational college 2 20 54 13.0
Total 414 100.0

The knowledge test about photosynthesis contained seven questions:
How much does sunlight energy add to the mass of the plant?
How much do molecules of carbon dioxide add to the mass of the plant?

1.

NouwuhswnN

Instrument and Procedures

How much do molecules of minerals that a plant receives through roots add to the mass of the plant?
How much do molecules of water that a plant receives through roots add to the mass of the plant?

Which pair of substances are the reactants in photosynthesis?
Which pair of substances are the products of photosynthesis?

Which pair of substances is needed in photosynthesis, and which pair of substances are the products

of photosynthesis?

With each questions the participants had to choose one answer out of three to five. Questions 1-4 were
formed based on the results of prior research (Eisen & Stavy, 1988; Parker et al., 2012) that had shown misconcep-
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tions about the concept of increasing the mass of plants. Questions 5 and 6 were used in the survey by Marmaroti
and Galanopoulou (2006), and Gobec and Strgar (2019). Questions 5 and 6 were compiled into a new item (item
7) which acted as a control question. Cronbach’s alphas for all seven questions on the pre-test, on the post-test for
the control group, and on the post-test for the experimental group were between .84 and .88.

The survey questionnaire contained five statements, assessing students’ attitudes towards biology and
photosynthesis because attitudes are an essential factor in learning science (George, 2006; Nasr & Soltani, 2011;
Osborne et al., 2003; Partin & Haney, 2012). These statements have already been used in The Relevance of Science
Education study (The ROSE questionnaire, n.d.) and in the research of Gobec and Strgar (2019). The questionnaire
used a 5-point Likert scale, ranging from strongly disagree (1) to strongly agree (5). Cronbach’s alphas for all five
statements on the pre-survey, on the post- survey for the control group, and on the post- survey for the experi-
mental group were between .76 and .80.

Participants first completed the knowledge test and the questionnaire. Then each class was randomly divided
into two groups, and each group participated in a different teaching unit about photosynthesis. Both teaching units
followed the same objectives of the curriculum in agricultural education. One half of the students (211) participated
in a traditional one-hour teaching unit (the control group) in which the topic about increasing the mass of plants
was presented by the methods of explanation and discussion. The other half of students (202) participated in a
two-hour teaching unit in which the method of conceptual change that was introduced by Strike and Posner (1992)
was used (the experimental group). Students in this group conducted an experiment in small groups of three to
four. In the first lesson, they prepared an experiment titled ‘the impact of carbon dioxide on the increase in the
mass of plants; which was a combination of experiments proposed by Albrechtova et al. (2007) and Ebert-May,
Batzli, and Lim (2003). In the next lesson a few days later, students checked the results. They were given enough
time to think about the results because to be able to understand such a complex concept as photosynthesis they
have to construct their conceptual system (Koba, Tweed, 2009, Nds, 2012; Vosniadou, 2002). The experiment and
presented theory were kept simple to avoid confusion and assist in understanding (Radanovic et al., 2016).

The essential criteria for selecting the experiment were as follows: (1) materials for carrying out the experi-
ment are simple and easily accessible in schools, (2) ease of implementation in time-limited frames, and (3) live
organisms (plants) are included. In the experimental work, the conditions, strategies, and processes that various
authors had proposed for the implementation of the method of conceptual change (Carey, 1991; Champagne,
Gunstone, & Klopfer, 1983; Chinn & Brewer, 1993, Posner et al., 1982; Stepans, 1996) were combined. However, the
implementation of the experimental work is best described by a four-stage strategy for the conceptual change
proposed by Nussbaum & Novick (1982): (1) discovering misconceptions, (2) encouraging students to discuss and
evaluate their misconceptions, (3) creating a conceptual conflict by an event that cannot be explained by the exist-
ing conception; once students are confronted with their own misconceptions, are aware of them, and dissatisfied
with them, a conceptual conflict arises (Davis, 2001), (4) stimulating and guiding conceptual restructuring: the
teacher presents a scientific explanation that must be understandable and credible, then students are encouraged
to reconstruct their conceptions and replace them with biologically correct ones.

At the end of the teaching units, the control and the experimental group completed the same knowledge test
and the questionnaire again to check whether the conceptual change in students actually took place and whether
there were any changes in students’ attitudes. After the teaching unit, the experimental group rated two more
statements on a 5-point Likert scale to determine to what extent the students liked the experiment (1 - 1 did not
like it atall; 5 - I liked it very much) and how helpful they found the experiment in promoting their understanding
of the topic (1 - 1 did not understand anything; 5 - | understood a lot).

Data Analysis

The descriptive statistics (frequencies) was used on the knowledge test about photosynthesis. Data were tested
for normal distribution with the Kolmogorov-Smirnov test for all seven questions; because the distribution of data
was not normal (ps < 0.001), non-parametric testing was used. Statistical significance of differences in knowledge
between the control and the experimental group on pre-test and post-test was established by a chi-square test or,
where expected values were smaller than 5, by a Fisher’s exact test. A Cramer’s V was used to identify effect size.

The descriptive statistics (average, standard error) was used on the questionnaire data. The distribution of
the data for all five statements was not normal (Kolmogorov-Smirnov test; ps < 0.001), so the non-parametric test-
ing had to be used. Statistical significance of differences in attitudes between the control and the experimental
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group on the pre-test and the post-test was established by a Mann-Whitney U test. Effect size r was calculated
using equation r=Z/vN.

Correlations between students’ knowledge and their attitudes toward biology and photosynthesis were
established using Spearman’s correlation coefficient (r,). Comparisons of these correlations before the lesson and
after the lesson were also calculated; it was then assessed, using equation Z =(z, Z,z)/\/{”/(N;. 3)+[1/(N,+3)]}

difference

(Field, 2009, p 191), whether the differences between correlations were statistically significant.
Research Results
Students’ Knowledge about Photosynthesis

The average level of knowledge of students on the seven items about photosynthesis on the pre-test was
48.1%. On the post-test, the average knowledge level of students in the control group was 57.0%; in the experi-
mental group, it was 68.7%.

Concerning the reasons for the increased mass of the plants (items 1-4), students’ knowledge of the pre-test
was very diverse (5.6%-76.5%). On the post-test, it was better in the control group (10.6%-80.9%) and even better
in the experimental group (43.4%-96.7%) There was only one exception to this pattern, namely item 4 (Molecules
of water that plant receives through roots add to the mass of the plant a lot), for which knowledge in the experi-
mental group dropped significantly from 76.5% on the pre-test to 43.9 % on the post-test. In the control group, it
raised insignificantly from 76.5% to 80.9% (Figure 1).

Concerning reactants and products in photosynthesis (items 5-7), students achieved 54.2%-65.5% on the
pre-test. On the post-test, the knowledge in the control group was better (63.0%-70.3%) and in the experimental
group even better (80.7%-89.6%) (Figure 1).

There were three statistically significant differences (items 1, 2, 3) between the knowledge on the pre-test and
the knowledge of the control group on the post-test; knowledge on the post-test was better in all three items. There
were seven statistically significant differences between knowledge of students on the pre-test and the knowledge
of the experimental group on the post-test; in six of these items, knowledge on the post-test was better,and in one
item it was worse (item 4). Comparison of the knowledge of the control and the experimental group on post-test
showed six significant differences; the control group had better knowledge in one item (4) while the experimental
group had better knowledge in five items (1, 2, 5, 6, 7) (Table 2).

The effect sizes of changes of knowledge between the pre-test and the control group on the post-test were
small (Cramer’s V = .03-.23). The effect sizes of changes of knowledge between pre-test and the experimental
group on post-test were small in items 3 and 6 (Cramer’s V = .16-.18), medium in items 3, 4, and 7 (Cramer’s V =
.26-.32), and large in items 1 and 2 (Cramer’s V = .46-.51). Effect sizes of differences between the control and the
experimental groups on post-test were small in items 3, 5, 6, and 7 (Cramer’s V = .07-.24), and medium in items 1,
2,and 4 (Cramer’s V= .37-.38) (Table 2).

After the teaching unit, the students in the experimental group were asked to rate the experimental work
about photosynthesis on the scale from 1 (low) to 5 (high). The results show that students liked the experiment
(M = 4.04, SD = .772) and found that it helped them to understand better the concept of increasing the mass of
plants (M = 3.97, SD = .840).
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Figure1. Knowledge of photosynthesis among tested students (pre-test: N = 414; post-test control group: n
= 202; post-test experimental group: n=211).
Table2.  Differencesinthe knowledge of students, and effect sizes of differences (pre-test: N=414; post-test
control group: n = 202; post-test experimental group: n=211; df = 2).
Difference
Pre-test/Post- Pre-test/Post- Post-test
Effect test Effect Control/ Effect
test . . . . .
Size Experimental Size Experimental Size
Control Group
Group Group
5 Cramer’s ) Cramer’s ) Cramer’s
Item Correct answer x P Ve p Va p
14 vV vV
Sunlight energy does not add to the mass of « * ¥
L plant at all 7.864 015 A2 129.786  <.001 46 60.101  <.001 37
Molecules of carbon dioxide add to the mass % * ¥
2 fthe plant a lot. 33407 <.001 23 198.683 <.001 51 66.841 <.001 .38
Molecules of minerals that plant receives
3 through the roots add a medium amount of *11.600  .001 14 *16.842  <.001 .16 *1.850  .380 .07
mass to the plant.
Molecules of water that plant receives through ¥ X
4 oots add to the mass of the plant a lot. 4489 084 .09 64.372  <.001 32 61.795 <.001 .38
Carbon dioxide and water are the reactants in X ¥ *
5 photosynthesis. 4692 063 .09 46.085  <.001 26 17.618  <.001 21
6 Glucose and oxygen are the products of *0.486 952 03 91522 <001 18 15155 <.001 19
photosynthesis. ’ ) ’ ’ ’ ‘ ) ’ ’
Carbon dioxide and water are reactants in
7 photosynthesis and glucose, and oxygen are *4.818  .055 .09 *59.425 <.001 29 *24.322  <.001 24

the products of photosynthesis.

Note. Statistically significant values are shown in bold type. *Fisher’s Exact Test; **x* test.
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Students’ Attitudes toward Biology and Photosynthesis

On the pre-survey about students’ attitudes toward biology and photosynthesis, students’ rating was the
highest in Statement 3 (Photosynthesis is important for life on Earth; M = 4.33, SD = 1.126), followed by Statement
4 (Knowledge of photosynthesis is important for general knowledge; M = 3.44, SD = 1.042), Statement 2 (Photo-
synthesis is interesting; M = 3.32, SD = 1.077), Statement 1 (Biology is interesting; M = 3.04, SD = 1.186), and finally
Statement 5 (Knowledge of photosynthesis is important for my personal career; M = 2.98, SD = 1.136) (Figure 2).
On the post-survey, after having participated in teaching units about photosynthesis, the control group rated one
statement insignificantly higher and four statements lower, two of them significantly lower (Statements 2 and 3).
The experimental group rated all statements higher than before the teaching unit, four of them significantly higher
(Statements 1, 2, 4, 5). The difference between ratings of the control and the experimental group after the teaching
units was significant in all five statements (Table 3).

The effect sizes of changes in ratings of the control group before and after the teaching unit were mostly
small. The effect sizes of changes in ratings of experimental group before and after the teaching unit were small
to medium. The effect sizes of differences between the control and the experimental group on a post-survey after
the teaching units were mostly medium (Table 3).
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Figure2. Attitudes of students toward biology and photosynthesis (M and SD) (pre- survey: N = 414; post-
survey control group: n = 202; post-survey experiment group: n = 211) (Error Bars: +/- 2 SD).
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Table3.  Differencesinattitudes of students toward biology and photosynthesis, and effect sizes of differences
(pre-survey: N = 414; post-survey control group: n = 202; post-survey experiment group: n=211).

Difference (Mann-Whitney U test)

Post-survey

Pre-survey/Post-survey Effect Pre-survey/Post-survey Effect - Effect
. . . Control/Experimental <
Control group Size Experimental group Size group Size
Statement U z p r u z p r U z p r
Biology is interesting. 41582.00 -0.116 .908 -01 36937.500 -3.365 .001 -14 17962.500 -2.968 .003 -.15

Photosynthesis is interesting. ~ 37904.500 -1.969 .049 -08 36503.000 3.627 <001 -16 15822.500 -4.817 <.001 -24

Photosynthesis is important
for life on Earth. 33104.000 -4.688 <001 -19 40360.500 -1.877 .060 -08 18240.000 -2.826 .005 -.14

Knowledge of photosynthe-
sis is important for general 38918.000 -1.476 140 -06 35819.500 -4.021 <001 -16 15913.500 -4.754 <.001 -23
knowledge.

Knowledge of photosynthesis
is important for my personal 41678.500 -0.068 946 -00 35026.500 -4.282 <.001
career.

-17 1707200 -3.692 <001 -18

Py

Note. Statistically significant values are shown in bold type.

Correlations between Students’ Knowledge about Photosynthesis
and their Attitudes toward Biology and Photosynthesis

On the pre-test, 57.5% (23) of correlations between students’knowledge about photosynthesis and their atti-
tudes toward biology and photosynthesis were statistically significant. There were 27.5% (11) significant correlations
on the post-test in the control group and 15.0% (6) on the post-test in the experimental group. The correlations
were predominantly (90%) weak. Most of them were positive; however, there was one negative correlation concern-
ing the importance of the knowledge of photosynthesis for general knowledge, and three negative correlations
concerning the importance of the knowledge of photosynthesis for students’ career (Table 4).

Comparisons of correlations between the students’ knowledge about photosynthesis and their attitudes
toward biology and photosynthesis were also calculated. After the teaching units, 97% of calculated correlations
in the control and the experimental groups were significantly different than before the teaching units (ps < .001).
Also, after the teaching units, the correlations between the knowledge and the attitudes in the control group were
significantly different from those in the experimental group (ps <.001).

Table4.  Correlations between the students’ knowledge about photosynthesis and their attitudes toward
biology and photosynthesis (pre-survey: N = 414; post-survey control group: n = 202; post-survey
experiment group: n=211).

Knowledge of Knowledge of
. . Photosynthesis  photosynthesis ge of
Biology Photosynthesis . . - photosynthesis
. p - - important for life important .
interesting interesting important for my
on Earth for general
career
knowledge
Item Correct answer Pre PoC PoE Pre PoC PoE Pre PoC PoE Pre PoC PoE Pre PoC PoE

Sunlight energy does not add to ; ; . ok ; " g
1 the mass of the plant at all 02 07 1 -07 A5 -01 13 09 .06 -03 .16 .08 -12* .10 .08

Molecules of carbon dioxide add to X . . N "
2 the mass of the plant a lot 0% .07 -09 13 .00 03 .20 -04 -06 .M 01 .02 .10 .01 .04
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Knowledge of

Photosynthesis  photosynthesis Knowledge of

Biology Photosynthesis photosynthesis

. p . . important for life important .
interesting interesting on Earth for general important for my
career
knowledge
Item Correct answer Pre PoC PoE Pre PoC PoE Pre PoC PoE Pre PoC PoE Pre PoC PoE

Molecules of minerals that plant

3 [eceweslioughtherootsadda g9 4g+ .03 06 0 -13 00 03 05 -01 04 -1 -08 07 -02

plant.

Molecules of water that plant
4 receives through roots add to the 09 .08 -04 4= -04 02 21* 05 -03 .19* .04 -13 .18* -18 -AT*
mass of the plant a lot.

Carbon dioxide and water are the " ok * " & ¥ X " *
5 reactants in photosynthesis. 08 11 07 120 .30 05 100 18 15 1* 15% 18 12¢ 10 .01
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Discussion

The first research question dealt with whether a teaching unit that includes the method of the concep-
tual change could bring about a better understanding of the concept of increasing the mass of plants than
a traditional teaching unit could.

Students in agricultural education first completed a pre-test that consisted of seven items. With four
items, the knowledge of the reasons for increasing the mass of the plants was tested. With the other three
items, the insight into the basic knowledge of what are substances (reactants (carbon dioxide and water) and
products (glucose and oxygen)) involved in photosynthesis was gained. The average knowledge of students
on these seven items on the pre-test was 48.1%, which was well below the 60% that was set as the limit of
adequate knowledge. This result was not surprising, as photosynthesis is a very difficult topic for students at
all levels of education (Stavy, Eisen, & Yaakobi, 1987; Waheed & Lucas, 1992).

Results showed that students found it easier to recognise the products of photosynthesis (65.4% correct
answers) in comparison to reactants (54.2%). This is in line with the research of Marmaroti and Galanopoulou
(2006) which was done on a sample of pupils aged 13. At the same time, it contradicts the research of Gobec
and Strgar (2019) in which the knowledge of students aged 15-18 about the reactants in photosynthesis
(61.2%) was not very different from that about the products (66.1%).

Considering four items dealing with the possible reasons for increasing the mass of plants (contribution
of water, solar energy, carbon dioxide, and minerals), the majority of students (76.5%) correctly answered
that molecules of water add a lot to the mass of plants. The results concerning water are in line with those of
Anderson, Sheldon, and Dubay (1990), and Simpson and Arnold (1982), who stated that students think that
plants increase biomass from substances they receive from the soil, and that plants’feeding is similar to that
of animals, except that they receive food through the roots instead of through the mouth. This also explains
why most students (67.9%) thought that minerals that plants also receive from the soil add a lot to the mass
of plants. Only 27.8% of students knew that minerals, in fact, add little mass.

Many students (45.3%) knew that carbon dioxide contributes a lot to the plant mass. This is surprising
because many students find it difficult to connect it to the “solid” matter of plants, because of the gaseous
nature of carbon dioxide. Research showed that students did not seem to be able to perceive gases as sub-
stances that have weight and can add to mass (Eisen & Stavy; 1988; Stavy, Eisen, & Yaakobi, 1987; Parker et
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al.; 2012). Only 5.6% of students knew that sunlight energy does not add to the mass of the plants at all. Most
frequently (74.9%) they answered that sunlight energy contributes a lot which suggests that they considered
it to be a substance that is incorporated into the mass of plants (Kdse, 2008; Hartley et al., 2011; Parker et al.,
2012). This means that they do not understand the transformation of energy, which, as Liu, Ebenezer, and
Fraser (2002) stated, may be a consequence of poor understanding of basic physical concepts. Results of the
knowledge test, therefore, showed that understanding the reasons for increasing the mass of plants is not
satisfactory among agricultural students.

After having completed the knowledge test, the students took part in teaching units that dealt with
reasons for increasing the mass of plants. The control group participated in a theoretical explanation of this
process combined with a discussion. The experimental group carried out the experiment “the impact of
carbon dioxide on the increase in plant mass”. The aim of this was to provoke cognitive conflict in students.
This, in turn, should allow for a change in understanding once the students had realised that with their exist-
ing knowledge, they could not satisfactorily explain the results of the experiment. At this point, the teacher
presented the correct answers which were then a subject of evaluation and discussion, as proposed by Strike
& Posner (1992). Care was taken that answers were based on students’ questions (Thompson & Zeuli, 1999),
and that students played an active role in learning because understanding concepts cannot be transferred
from teacher to student (Millar, 2004).

After the lessons, all students completed the knowledge test about photosynthesis again (post-test). Re-
sults of the post-test showed that average knowledge improved in both groups. In the control group, average
knowledge was 57.0% which is still below the 60% limit of adequate knowledge, while in the experimental
group it was satisfactory (68.7%). More detailed results showed that during the teaching units, students in
both groups improved their knowledge on every item, except in the experimental group on Item 4 (molecules
of water add a lot to the mass of plants). On the post-test, the experimental group had a significantly better
understanding than the control group of the contribution of solar energy and carbon dioxide to the increase in
the mass of plants (Items 1 and 2), as well as about the reactants and the products in photosynthesis (Items 5-7).
About the contribution of the minerals (Item 3), there was no significant difference in improvement between
the control and the experimental groups. Very interestingly, concerning the contribution of water to the mass
of plants (Item 4) students in the experimental group in the post-test had a much lower score (43.9%) than
in the control group (80.9%). Furthermore, the knowledge of the experimental group on this item was much
lower than before the teaching unit, when it was 76.5%. This apparent deterioration of knowledge revealed
that the correct response on the pre-test was, in fact, not a consequence of students’ good understanding
but rather of their misconception that the substances received through roots increase the mass of plants. Be-
cause of good results concerning the water in the pre-test, this substance was neglected during the teaching
unit and more emphasis was placed on the contribution of solar energy, carbon dioxide and minerals to the
increase in the mass of plants. These results showed that gaining an understanding of concepts is a gradual
process (Millar, 2004) during which students are easily confused and can even develop new misconceptions.

In the present research, the method of conceptual change was chosen because the literature suggested
itis especially effective for topics about which students hold misconceptions (Yenilmez & Tekkaya, 2006). The
results of the present research on agricultural students support the conclusion that the method of conceptual
change was more effective than the traditional method in improving the understanding of the concept of
increasing the mass of plants.

Before and after the teaching units, students were also asked to rate five survey statements concern-
ing their attitudes toward biology and photosynthesis. The results showed that before the teaching units,
students were aware of the importance of photosynthesis for life on Earth (M = 4.33), but were slightly less
convinced that the knowledge of photosynthesis was important for general knowledge (M = 3.44), and even
less so that it was important for their careers (M = 2.98). Prokop, Tuncer, and Chuda (2007) also reported that
most students were aware of the importance of biology but did not find it necessary for their daily life. The
students were undecided about how interesting biology and photosynthesis were (M = 3.32; M = 3.04). After
the teaching units, the control group found photosynthesis significantly less interesting and less important
for life on Earth, while the other changes were not significant (and mostly negative). This showed that the
traditional teaching unit not only failed to persuade students about the importance of photosynthesis but
had even the opposite effect.
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In contrast with that, after the teaching units, the experimental group found biology and photosynthesis
significantly more interesting, and photosynthesis significantly more important for general knowledge and
their career. Beside the teaching unit itself, some other factors may also have contributed to better attitudes.
One is the fact that live plants were used during the experiment which had a positive impact on attitudes
toward biology as Prokop, Tuncer, & Chuda (2007) reported. The other factor was laboratory work because
students usually find it interesting (Sorgo & Spernjak, 2009).

The second research question attempted to determine whether the effectiveness of the method of
conceptual change is related to the students’ attitudes toward biology and photosynthesis. Identification of
attitudes has become an essential topic in pedagogical research, as there is evidence of a relationship between
attitudes and knowledge. Several authors reported that the attitudes toward biology (Gobec & Strgar. 2019;
Prokop, Tuncer, & Chuda, 2007; Zeidan & Jayosi, 2015), as well as individual interest of students (Harackiewicz
et al., 2002; Randler & Bogner, 2007), were positively related with the knowledge. In the present research, be-
fore the teaching units, students with better knowledge of photosynthesis predominantly (57.5% significant
relations) expressed slightly more positive attitudes toward biology and photosynthesis. As a consequence
of the traditional teaching unit, the percentage of significant relations plummeted to 27.5%, and after the
teaching unit based on the practical laboratory work, it sank to 15.0%. Taking into account the results of the
knowledge test and the survey it can, therefore, be concluded that the attitudes did not improve as much
as the knowledge did.

Students in the experimental group expressed that the practical work they undertook helped improve
their understanding of the impact of carbon dioxide on the mass of plants in photosynthesis, and that they
liked doing it. The latter may have had some positive influence on their knowledge as according to Nasr &
Soltani (2011) better knowledge is related to how fun students find biology.

Conclusions

This research showed that students in agricultural education in Slovenia did not have adequate initial
understanding of photosynthesis. Two teaching units (traditional and experimental) that addressed the same
curricular objectives were prepared and implemented in classes. The knowledge in the experimental group
where the method of conceptual change was used improved significantly more than in the control group
in all but two items. Results suggested that the method of conceptual change combined with experimental
work in small groups of students can help students in understanding topics that are counter-intuitive, such
as the mass of gases. This is especially important for students in agricultural education who need convincing
examples with straightforward and gradual presentation of topics.

A surprising finding was that during the teaching unit students in the experimental group developed a
new misconception about the contribution of water to the mass of plants. This was most likely the result of
their previous misconception, which was not recognised and therefore not tackled adequately in the teach-
ing unit. This suggested that even a very well prepared, and structured teaching unit is no guarantee that
students will understand it the way it was intended. The experiment presented should be undertaken again
with a new generation of students to verify this presumption. Further analysis should also be conducted to
ascertain the depth of the knowledge regarding the contribution of the minerals to the mass of plants.

The limitation of this research is the sample, which is large enough but limited to one school in Slovenia,
so the results cannot be generalised.

Conservation agriculture as a foundation of sustainable agriculture requires good basic knowledge of
biology in agricultural students. The role of biology teachers is of great importance here. Therefore, teachers
could use the design and findings of this research to plan their teaching units. The results provide insight
into possible changes in several aspects of the tested teaching unit. The unit in its improved version will be
prepared and spread among interested schools. One way to assist the teachers is also to address pre-service
teachers. They should be made aware of the problematic topics that are reported by researchers. Furthermore,
they must receive the necessary didactical knowledge about those topics as well as the skills to teach them
more effectively. Based on the results of this research, other topics such as the cellular respiration of plants
and the role of sunlight as a source of energy could be prepared with the method of the conceptual change
and included in regular pre-service biology teacher’s programmes.
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