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ABSTRACT

INTRODUCTION

A global and perennial goal of science education involves 
the preparation of scientifically literate individuals 
(AAAS, 1990, 1993; MONE, 2005, 2013, 2018; NRC, 

1996, 2012). Scientific literacy is defined in many ways and 
thus, there is no consensus about the definition of it. However, 
there are two mainstream visions about scientific literacy 
(Roberts, 2007). One is based on scientific concepts and 
processes, where scientifically literate individuals are expected 
to identify scientific concepts and engage in the scientific 
processes. The other one focuses on the interrelations among 
science, society, and humanities, as well as the differences 
between science and technology. According to the second one, 
scientifically literate individuals use scientific ideas, processes, 
and reasoning in science-related contexts and realize the 
relationship of science with society and science’s contributions 
to the solution of social problems (Sadler and Zeidler, 2009). 
Therefore, to reach the goal of science education, students’ 
scientific reasoning abilities emerge as an important component 
to be promoted (Gerber et al., 2001). 

Kuhn (1993) examined the process of scientific reasoning as 
formal and informal reasoning. Formal reasoning includes 
the rules of logic and mathematics on fixed and unchanging 
premises (Perkins et al., 1991; Sadler, 2004). On the other 
hand, informal reasoning implies that students make inferences 
from indefinite premises based on ill-structured, open-ended, 
and debatable problems (Kuhn, 1993). In general, scientific 

reasoning is commonly accepted as a set of intellectual skills, 
which students need to have to do science and construct 
related concepts (Lawson et al., 2000; Voss et al., 1995). More 
specifically, based on the comprehensive literature review 
synthesis, Zimmerman (2000, 2005, 2007). Zimmerman 
mentioned scientific reasoning as the skills necessary to 
control variables, generate all combinations of solutions in 
multivariable tasks, choose or generate appropriate designs 
of experiments or tests, keep records, evaluate evidence, and 
reconstruct existing beliefs with the new evidence. Zimmerman 
went on to denote that scientific reasoning includes both 
conceptual understanding (domain-specific knowledge) 
and inquiry skills (domain general-strategies) which are 
interdependent to one another. Accordingly, conceptual 
understanding comprises content and structure of naive 
domain-specific mental theories, misconceptions, conceptual 
changes, and explanatory conformity. The researcher also 
added that investigating individuals’ knowledge about 
phenomena in various content domains of science necessitates 
assessing their reasons for situations, answers to questions, or 
solutions to problems based on their current understanding. On 
the other hand, domain-general strategies include reasoning 
and problem-solving skills involved in the cycle of scientific 
inquiry. Moreover, a framework to examine the integration 
of the domain-general strategies with the domain-specific 
knowledge named as The Scientific Discovery as Dual Search 
(SDDS) was generated (Dunbar and Klahr, 1989; Klahr 
and Dunbar 1988). According to the framework, scientific 

This study examined middle school students’ scientific reasoning ability in relation to gender and learning environment perceptions. The 
data were obtained from 269 (148 girls and 121 boys) students. A two-tier multiple-choice test was used to assess students’ scientific 
reasoning ability, while a Likert scale-type self-report questionnaire was used to assess students’ learning environment perceptions. 
Results showed that there was no significant difference between girls and boys regarding their scientific reasoning abilities. On the 
other hand, students’ scientific reasoning ability was found to be positively associated with involvement, task orientation, and teacher 
support, while it was negatively related to cooperation in science learning environments. Since students spent thousands of hours in 
classrooms, it is vital to examine and deepen the knowledge about the relationship between the learning environment and student 
outcomes. The current study presented and discussed considering the context of science education in Turkey; further studies can be 
conducted in different countries and contexts.

KEY WORDS: scientific reasoning ability; learning environment; gender; middle school students; science education

How is Middle School Students’ Scientific Reasoning Ability 
Associated with Gender and Learning Environment?

Filiz Bezci1*, Semra Sungur2

1Department of Educational Sciences, Çankırı Karatekin University, Çankırı, Turkey, 2Department of Mathematics and Science Education, Middle East 
Technical University, Çankaya/Ankara, Turkey

*Corresponding Author: filizbezci@gmail.com

ORIGINAL ARTICLE

Science Education International 
32(2), 96-106 
https://doi.org/10.33828/sei.v32.i2.2 



Bezci and Sungur: Scientific reasoning ability

Science Education International  ¦ Volume 32 ¦ Issue 2 97

reasoning is like a problem-solving activity containing a dual-
search process in two related problem spaces – the hypothesis 
space and the experiment space – to discover a hypothesis 
or theory. Later, Klahr (2000, 2005) updated the dual-search 
process focusing on the evidence evaluation process.

Although the theoretical background of scientific reasoning 
is extensive, the assessment of it is more limited. The “Group 
Assessment of Logical Thinking” (Roadrangka et al., 1982) 
and “The Test of Logical Thinking” (Tobin and Capie, 1981) 
are two of them. The “Classroom Test of Scientific Reasoning” 
(Lawson, 1978, 2000) is widely used in science education 
research to assess students’ scientific reasoning ability (Han, 
2013; Hanson, 2016). From an operational perspective, 
Lawson (1978, 2000) defined the scientific reasoning as a set 
of necessary skills for scientific inquiry and assessed it in terms 
of students’ ability in grasping conservation of matter and 
volume (fundamental ideas of conservation and applications 
of conservation), proportional reasoning (basic information 
and application abilities about covariant relationships), 
control of variables (awareness of the associations between 
independent and dependent variables and application ability 
of those associations), probability reasoning (understanding 
combinational patterns to correctly interpret data and applying 
those combination patterns), correlation reasoning (ideas about 
relationships between two or more variables and application 
ability of those relationships), and hypothetical-deductive 
reasoning (major information and ability about scientific 
process as hypothesis testing). Lawson’s (1978) “Classroom 
Test of Scientific Reasoning” was revised by Lawson (2000) 
as a two-tier multiple-choice test, which is more practical for 
classroom use and appropriate for the cognitive development 
level of 8th-grade students. Therefore, Lawson’s Classroom 
Test of Scientific Reasoning (Lawson, 2000) was used to 
examine middle school students’ scientific reasoning in the 
current study. 

Scientific Reasoning Ability and Gender
Gender differences in science education outcomes have 
attracted the attention of science education researchers for 
many years (Dimitrov, 1999). Girls and women are commonly 
reported as exposed to inequalities in science education 
(Scantlebury and Baker, 2010). Many factors may trigger the 
gap between girls’ and boys’ science education outcomes. 
For instance, while children grow up if girls and boys are 
canalized to play different games with different toys; then they 
may develop different abilities which may affect their attitudes 
toward and engagement in courses later in their education life 
(Aldridge and Goldman, 2002; Tindall and Hamill, 2004). 
In general, boys tend to participate in more extracurricular 
activities related to physical sciences compared to girls (e.g., 
Dare and Roehrig, 2016). Similarly, in science classrooms, 
it is commonly reported that girls have passive roles such as 
following teachers’ instructions, reading materials, making 
observations, and writing reports; however, boys actively 
engage in activities, such as leading discussions, dominating 
tinkering equipment, and using resources (Guzzetti and 

Williams, 1996; Jones et al., 2000; Jovanovic and King, 1998; 
Woolfolk, 1998). Even teachers’ expectations and behaviors 
can promote the stereotypical role of students in science 
classrooms and enlarge the difference in their performance 
(Guzzetti and Williams, 1996; Woolfolk, 1998). 

Although gaining access to science education and the 
achievement of the girls increased in science in late 90s, their 
approaches toward science have been reported as unchanged 
(Altermatt et al., 1998). For example, according to the findings 
of a recent research study by Wieselmann et al. (2020), both 
genders were found to engage in the use of scientific equipment 
and materials equally in small group science activities, but 
girls were unlikely to take responsibility while handling 
the materials during the activities. Accordingly, the authors 
concluded that equity-related gender issues still existed. 
Examination of the related literature also indicated that there 
was a difference between boys and girls concerning scientific 
reasoning ability which was influential in their engagement 
in science classes. For example, girls were identified as 
better than boys in terms of correlational thinking (Demirtaş, 
2011). On the other hand, boys were found to be better than 
girls concerning combinational thinking (Demirtaş, 2011), 
controlling variables, probabilistic thinking (Valanides, 
1997), and proportional thinking (Yenilmez et al., 2005). In 
other studies, no significant gender differences were detected 
concerning scientific reasoning ability (Al-Zoubi et al., 2009; 
Hacıömeroğlu and Hacıömeroğlu, 2017; Piraksa et al., 2014; 
Talib et al., 2018; Valanides, 1996; Yüzüak, 2012). Since the 
above-mentioned studies were inconclusive regarding gender 
differences in scientific reasoning ability, there is a need for 
further examination of the association between these variables 
for a clearer understanding. As indicated in the aforementioned 
literature, the social environment has an influence on gender-
related issues. Thus, examination of the gender difference in 
different contexts could provide better insights. In line with 
this idea, the current study also aimed to investigate gender 
differences in 8th-grade Turkish middle school students’ 
scientific reasoning ability. 

Scientific Reasoning Ability and Learning Environment 
Perception
In the relevant literature, learning environment perceptions 
as an important factor contributing to the variance in student 
outcomes (Fraser and Walberg, 1991; Walberg, 1981, 1984) 
appear to be related to students’ scientific reasoning ability 
(Gerber et al., 2001). The learning environment is a “social, 
psychological, and pedagogical context in which learning 
occurs and which affects students’ achievement and attitudes” 
(Fraser, 1990, p. 3). The pioneering studies of Piaget (1965) 
and Vygotsky (1986) mentioned that direct experiences, 
cognitive conflict, social interaction, and discourse were 
important factors to the schemata in students’ mind. Indeed, 
scientific reasoning can be considered as a measure of the 
complexities of children’s cognitive frames (Adey and Shayer, 
1990) and social-psychological nature of the classrooms 
has been regarded as an important factor effecting students’ 
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cognitive and affective learning outcomes (Fraser, 1998). 
For example, Haertel et al. (1981) indicated that students’ 
perception about the social-psychological environment of 
their classes was related to their affective, behavioral, and 
cognitive-including formal reasoning outcomes. The direction 
of the relationship was positive which means that if students 
perceive the learning environment as positive, their learning 
outcomes are also positive or vice versa. Therefore, learning 
environments are likely to play important roles in students’ 
scientific reasoning ability (Gerber et al., 2001). In the current 
study, students’ learning environment perceptions were 
examined in terms of student cohesiveness, teacher support, 
involvement, investigation, task orientation, cooperation, 
and equity with using the What is Happening in This Class 
Questionnaire (Fraser et al., 1996) since the scale includes 
the contemporary cognitive approach to science education 
(Kim et al., 2000) and consistent with Turkish middle school 
science education curriculum in terms of social-psychological 
classroom atmosphere (Yerdelen, 2013). 

Students’ cohesiveness represents the interaction among 
students in terms of how friendly, helpful, and supportive they 
are to each other in the classroom (Yerdelen, 2013). Positive 
interdependence does more than simply motivate individuals 
to try harder; it facilitates the development of new insights 
and discoveries through promotive interaction (Gabbert 
et al., 1986; Johnson and Johnson 1981; Johnson et al., 1980; 
Skon et al., 1981). Moshman (1995) explained that much of 
reasoning ability is developed through social interaction. The 
interactions induce learners’ cognitive processes and make 
it work in a more sophisticated way, especially for complex 
learning tasks (King, 2008). Therefore, a positive association 
is expected between cohesiveness in science classrooms and 
students’ scientific reasoning ability.

Teacher support concerns the relationship between teacher 
and students concerning how helpful, friendly, and supportive 
teachers are to their students (Yerdelen, 2013). Teacher 
support has been conceptualized as teacher immediacy in 
many studies because teachers’ immediacy is seen as the 
communicative behaviors which decrease the psychological 
distance (Mehrabian, 1966). Teachers’ immediacy is seen as 
a significant predictor of teaching effectiveness (Anderson, 
1979). For example, Kelly et al. (2015) indicated that 
instructors’ positive communicative behaviors in an analytical 
reasoning course are mediated by students’ psychological 
response to immediacy which is positively related with their 
motivation, while association is negative for math anxiety. 
Hence, it is predicted that there is a positive relationship 
between students’ scientific reasoning ability and their science 
teachers’ support.

Involvement dimension is about students’ attentive interest to 
participate in class and sharing of their ideas in discussions 
(Yerdelen, 2013). Students’ engagement in the activities and 
discourses helps them to understand and interpret scientific 
phenomena (NRC, 1996). Specifically, students’ discourses 
in science classrooms represent their classroom practices and 

reflect their socially constructed reasoning and knowledge 
development (Cobb and Yackel, 1996). For example, Hogan 
et al. (2000) presented how the complexity of students’ 
scientific reasoning is differentiated in teacher-guided and 
peer discussions. Accordingly, a positive association is 
expected between students’ scientific reasoning ability and 
their involvement. 

Investigation deals with students’ skills and inquiry ability 
and their use in problem-solving and investigation (Yerdelen, 
2013). In research, it has been reported that teaching science 
with inquiry-oriented teaching approaches promotes students 
scientific reasoning ability (e.g., Adey and Shayer 1990, 
Gerber et al., 2001; Lawson 1995, Marek and Cavallo 1997). 
Specifically, Gerber et al. (2001) studied 8th-grade students 
and the researchers indicated that students’ scientific reasoning 
ability was higher in inquiry-based science classrooms 
with respect to non-inquiry-based ones. If students actively 
investigate during an activity, not depending on the content and 
the design of the activity, whether self-directed or structured, 
they enhance their scientific reasoning abilities (Kuhn et al., 
1992). Even in the software-based learning environment, a 
positive association between middle school students’ scientific 
reasoning ability and active investigation was reported (Kyza, 
2009; Lee and She, 2010). Thus, a positive relationship 
between students’ involvement and their scientific reasoning 
ability is expected. 

Task orientation is about students’ accomplishment of the given 
tasks and planned activities which students were expected 
to do (Yerdelen, 2013). Instruction assistance is important 
in scientific reasoning development (Lehrer et al., 2008). In 
different meta-analyses conducted on the effect of guidance 
on inquiry learning, the effectiveness of guidance on learning 
outcomes was revealed (Alfieri et al., 2011; Furtak et al., 2012). 
An effective guidance method implies restructuring inquiry 
tasks into controllable subtasks (Lazonder and Harmsen, 
2016). For example, Lazonder and Kamp (2012) investigated 
the effect of splitting multivariable inquiry tasks into a series 
of single-variable subtasks on elementary school students 
focusing on the topic, use of the control variable strategies, and 
regulation of the learning process. The researchers detected 
that dividing a task into subtasks facilitates students’ control 
variable strategies, a component of scientific reasoning, more 
than completing the whole task. Furthermore, structured task 
increases the performance of the learners (Rieber and Parmley, 
1995). Therefore, a positive association is anticipated for task 
orientation and scientific reasoning ability.

Cooperation dimension indicates students’ cooperation with 
each other during classroom activities (Yerdelen, 2013). 
According to Moshman (1995), because of egalitarian 
interaction among students, peer interaction has the optimal 
condition to develop reasoning skills. Johnson and Johnson 
(2008) indicated that group structure motivates the members 
to work together and enhances each other’s learning in a 
successful cooperative learning manner, and this results in 
students achieving higher-level reasoning and problem-solving 
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skills. The quality of reasoning is higher in cooperative learning 
than in competitive or individualistic learning (Johnson 2003; 
Johnson and Johnson, 1989, 2005). In addition, other research 
work provides support on the findings of the effectiveness 
of social interaction on students’ reasoning skills, and 
these are expressed in different ways such as collaboration, 
peer interaction, cooperation, and many more (Dimant and 
Bearison, 1991; Kruger, 1992; Moshman, 1995; Samaha 
and De Lisi, 2000; Wegerif et al., 1999). Hence, a positive 
relationship between the cooperation of the students in science 
classroom and their scientific reasoning ability is predicted for 
the current study.

Equity emphasizes the teachers’ equal treatment to each 
student in terms of feedback, praise, asking questions, and 
opportunities (Waldrip et al., 2009). If the teacher creates 
a conducive learning environment in which all students 
have the same and equal rights, it helps students’ scientific 
reasoning development (Acar, 2015; Wilson et al., 2009). 
Therefore, a positive association between equity in the learning 
environment and students’ scientific reasoning ability is 
expected for the present study.

Rationale
Thousands of hours allocated to students’ education are 
spent in classrooms (Fraser, 2001). Students’ experiences in 
specific learning environments are very important; hence, 
educational research has highlighted the relationship between 
learning environment and student outcome (Fraser, 2010). 
It is important that this association be examined in different 
countries considering the influence of social and cultural 
factors since cross-national educational research indicates that 
ordinary practices, beliefs, or attitudes for one country can be 
extraordinary or questionable for the other ones (Fraser, 1997). 
For instance, Aldridge et al. (1999) and Aldridge et al. (2000) 
indicated huge differences in the learning environments of 
Australia and Taiwan in the well-known cross-cultural study 
series. The reports indicated that the educational aims and the 
nature of the curricula in the two countries are different. In 
Taiwan, the educational system is more examination-based 
and highly competitive; parents, students and even teachers 
express that a good teacher possesses more content knowledge 
and uses teacher-centered methods. On the other hand, 
teachers in Australia believed that education should serve 
for the development of the students academically, socially, 
emotionally, and physically as a whole. Thus, they try to have 
good interpersonal relationships with their students and focus 
more on student-centered methods of teaching and learning. 
Moreover, classroom discipline and respect for teachers are 
more profound in Taiwan. Therefore, the association between 
the learning environment and students’ outcomes is quite 
different with respect to the country in which the study is 
being conducted. 

Indeed, relevant research demonstrated that the link between 
learning environment perceptions and adaptive student outcomes 
such as self-efficacy, metacognition, or achievement varies across 

studies conducted in different contexts (Ceylan and Berberoğlu, 
2007; Gezer et al., 2018; Meral and Taş, 2017; Yerdelen, 2013). 
For example, Ceylan and Berberoglu (2007) found out that there 
was a negative relationship between student-centered learning 
activities such as carrying out experiments, doing projects, 
making discussions about assignments, and outcomes such as 
solving problems associated with daily lives as well as science 
achievement. This was based on TIMSS 1999 data obtained 
from a Turkish sample. On the other hand, the relationship 
between teacher-centered activities and student achievement 
was found to be positive. More specifically, the results indicated 
that the students were likely to be more successful in the science 
classrooms where teachers make explanations about the concepts 
and definitions, show how to solve problems, and ask students 
about what they know about the related topics. The researchers 
further noted that the reason behind these findings could be due 
to the familiarity of the students with teacher-centered approaches 
in Turkey. Indeed, in spite of the fact that Turkish middle 
school science curriculum is student-centered, the implemented 
curriculum differs from the written curriculum (Dindar and 
Yangın 2007). Students mostly experience teacher-centered 
classroom environments (Gökçe, 2006), and the educational 
system is exam-oriented and competitive (Sungur and Senler, 
2009). Considering the varying effects of classroom learning 
environment on student-related outcomes depends on the context, 
it is reasonable to predict that the learning environments found 
to be conducive to students’ reasoning ability in countries with 
non-competitive, student-centered educational systems may not 
be effective in countries where students are used to experiencing 
teacher-centered, competitive educational system. Thus, the 
purpose of the current study was to explore Turkish middle 
school students’ scientific reasoning in relation to their classroom 
learning environment perceptions. 

Gender differences in science education outcomes have 
attracted the attention of science education researchers 
for many years (Dimitrov, 1999). In earlier studies, it was 
commonly reported that boys outperformed girls (Steinkamp 
and Maehr, 1983), middle school years were the starting 
point of the differentiation (NCES, 2000) and girls tended to 
lose interest in science as they grew older (Greenfield, 1998). 
However, Kahle et al. (1993) asserted that the sociocultural 
factors which tended to guide the association between gender 
and science education were varying. Ericson and Ericson 
(1984) asserted that understanding the nature and pattern of 
performance differences between genders gives researchers the 
opportunity to explain the difference, if any and suggest ways to 
improve science education. In line with the recommendations 
of Ericson and Ericson (1984) and Kahle et al. (1993), the 
association between gender and students’ scientific reasoning 
ability is examined in the current study.

METHODS
Participants
A total of 269 Grade 8 students (148 girls and 121 boys) 
participated in the study. Ethical considerations were taken 
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into account when conducting the research. To get information 
about the background characteristic of the students, an eleven-
item survey was administered to students. Items were about 
students’ gender, age, last term science course grade, number 
of siblings, parents’ educational level and their employment 
status, presence of a separate study room, a computer, and an 
internet connection. Students ranged in age from 14 to 16 years. 
Their mean science grade from the previous semester report 
card was 76.51(SD= 14.71). The participants were from low 
to middle socioeconomic status families. About three-quarters 
(75.5%) of the participants’ mothers were unemployed, while 
majority of their fathers (87.4%) were employed. Majority of 
the participants’ mothers (97.7%) and fathers (87.5%) had a 
high school degree and below. Only 6.3% of the participants 
were from single-child families. About 84% of participants had 
a study room and about 78% had a computer with an internet 
connection in their homes. 

Instruments
What is happening in this class questionnaire (WIHIC)
Middle school students’ learning environment perceptions 
in science classes were assessed using a 56-item version of 
the WIHIC validated by Aldridge and Fraser (2000). It is a 
5-point Likert scale ranging from 1 (never) to 5 (always). 
The WIHIC consists of seven sub-scales, namely: Student 
cohesiveness, teacher support, involvement, investigation, 
task orientation, cooperation, and equity. Sample items of the 
questionnaire were presented in the Appendix. In the current 
study, Cronbach’s alpha coefficients ranged from 0.84 to 0.90.

Classroom test of scientific reasoning (CTSR) 
A revised version of the CTSR (Lawson, 2000) was used 
to assess students’ scientific reasoning ability. The CTSR 
consisted of twelve two-tier multiple-choice items targeting six 
main aspects of the scientific reasoning namely: Conservation 
of mass and volume (n = 4 items), proportional thinking 
(n = 4 items), control of variables (n = 6 items), probabilistic 
thinking (n = 4 items), correlational thinking (n = 2 items), 
and hypothetical-deductive reasoning (n = 4 items). First-tier 
of each item required students to respond to a question and 
second-tier required students to select the best explanation 
for their answer. Items were scored one point only if students’ 
responses to both tiers were correct. Maximum possible score 
that could be obtained on the test was thirteen. In the current 
study, reliability coefficient was found to be 0.55 for the 
whole test.

RESULTS
Descriptive Statistics
Students’ scientific reasoning ability scores from the CTSR 
ranged from 0 to 10 with a mean of 2.29 (SD = 1.84). This 
finding suggested that the participants’ reasoning ability 
level was quite low and comparable for boys (M = 2.13) 
and girls (M = 2.42). Item level analysis also revealed that 
majority of the students could not respond to both tiers of all 
of 12 items in the test correctly. For example, only 8.6% of 

students could identify both the correct answer and selected 
the best explanation for one of the items assessing students’ 
hypothetical-deductive reasoning. The item was about the 
burning candle: When a drinking glass is put over a burning 
candle standing in a pan of water, the candle quickly goes out, 
and the water rises into the glass. Based on this information, 
an explanation was provided as to why water rises into glass. 
Then, in the first tier of the item, students were asked if they are 
provided with these materials plus some matches and some dry 
ice how they could test this possible explanation. In the second 
tier of the items, students were also asked what result of their 
test stated in the first tier would indicate that the explanation 
was probably wrong (Lawson et al., 2000). A more striking 
example was from an item related to controlling variables: The 
item was about the response of fruit flies put into four sealed 
glass tubes to red light. In the first tier, students were asked, 
based on the experiment stated in the item, about the response 
of fruit flies. In the second tier, they were asked to select the 
best explanation for their choice (Lawson et al., 2000). Only 
0.7% of the participants could respond to both tiers of the item 
correctly. Students were the most successful on one of the 
aspects’ (conservation of mass and volume) items compared 
to their performance on other items. The item was about two 
balls of clay having the same shape, size, and weight. The 
students were asked what the relative weights of the pieces 
will be when one of the balls is flattened into a pancake shape 
(Lawson, 1978). About 46.1% of the participants could both 
recognize the correct answer and chose the best explanation 
for the item. 

Concerning students’ classroom learning environment 
perceptions, descriptive statistics, including mean and standard 
deviation, are summarized in Table 1. As shown in the table, 
the highest mean score was obtained on the equity sub-scale 
(M = 3.69), implying that science teachers’ equal treatment of 
each student in all science classroom activities. On the other 
hand, the lowest mean scores were obtained on investigation 
(M = 3.26) subscale. Accordingly, although the mean scores 
were above mid-point of the 5-point Likert scale, it appeared 
that participants tended to work with other students in science 
classes and conducted experiments to answer questions or 
to test their ideas at moderate levels. A similar situation was 
observed for involvement (M = 3.36) and teacher support 
(M = 3.39) sub-scales. According to the results, perceived 
student cohesiveness (M = 3.67) was a relatively higher level. 

Table 1: Descriptive statistics for learning environment 
perceptions

Variables Mean SD
Student cohesiveness 3.67 0.80
Teacher support 3.39 0.97
Involvement 3.36 0.98
Investigation 3.26 0.97
Task orientation 3.65 0.69
Cooperation 3.27 0.95
Equity 3.69 0.99
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Thus, participants appeared to perceive that they worked well 
with other students in science classes.

Inferential Statistics
One-way ANOVA was conducted to determine whether gender 
made a difference in students’ scientific reasoning ability. 
Results showed that there was no significant difference between 
boys (M = 2.13, SD = 1.84) and girls (M = 2.42, SD = 1.84) 
with respect to scientific reasoning ability, F (1,267) = 1.62, 
ρ > 0.05.

Multiple regression analysis was conducted to explore 
the relationship between students’ learning environment 
perceptions in science classes and their scientific reasoning 
ability. Results revealed that students’ learning environment 
perceptions were significantly related to their scientific 
reasoning ability, R = .42, F (7,261) = 8.13, ρ < 0.05. The 
model explained 17.9% of the variance in students’ scientific 
reasoning ability. When the coefficients were examined, it 
was found that among learning environment perceptions 
variables, teacher support (β = 0.21, sr2= 0.02), involvement 
(β = 0.32, sr2= 0.04), task orientation (β = 0.18, sr2= 0.02), and 
cooperation (β = −0.22, sr2= 0.02) were significantly associated 
with the dependent variable (Table 2). Thus, these findings 
imply that science learning environments where students have 
a good interpersonal relationship with their teacher (teacher 
support), are provided with opportunities to ask questions and 
to share and discuss their ideas (involvement), and remain on 
the task being aware of the goals of the activities and tasks 
(task orientation) tend to be conducive to students scientific 
reasoning ability. On the other hand, a negative relationship 
was found between cooperation and scientific reasoning ability. 
The relationship between remaining learning environment 
perception variables including student cohesiveness, 
investigation, and equity and scientific reasoning ability was 
not significant.

DISCUSSION AND CONCLUSION
Science education aims to raise scientifically literate individuals 
in society (AAAS, 1990, 1993; MONE, 2005, 2013, 2018; 
NRC, 1996, 2012). To realize that aim, all students should be 
accustomed to use scientific ideas, processes, and reasoning in 
their real-life situations (Sadler and Zeidler, 2009). Therefore, 
it is important to detect factors triggering a gap in science 
education outcomes to provide a remedy (Ericson and Ericson, 

1983). In this direction, the association between 8th-grade 
middle school students’ gender and scientific reasoning ability 
was investigated in this study, and the results revealed that there 
was no significant difference between girls’ and boys’ scientific 
reasoning ability (F (1,267) = 1.62, ρ > 0.05). This result was 
consistent with some other studies in the literature (Al-Zoubi 
et al., 2009; Hacıömeroğlu and Hacıömeroğlu, 2017; Piraksa 
et al., 2014; Valanides, 1996; Talib et al., 2018; Yüzüak, 2012). 
At this point, it is important to note that the association between 
students’ gender and science-related outcome variables can 
be influenced by sociocultural factors (Kahle et al., 1993). 
For example, large-scale social responsibility projects and 
campaigns had been carried out against gender inequality in 
education until recently in Turkey. Such campaigns or projects 
may have played a role in the current finding that boys and 
girls are similar concerning their scientific reasoning abilities. 
However, as reported in the descriptive statistics, the mean 
scores were quite low for both genders; boys (M = 2.13) and 
girls (M = 2.42). Thus, the findings suggest that necessary 
action should be taken to improve the scientific reasoning 
ability of both genders. 

Results concerning the associations between students’ 
reasoning ability and their learning environment perceptions 
reported in the subsequent paragraphs may provide clues 
for action to be taken in science classrooms. According to 
the findings, higher level of involvement (students’ interest, 
satisfaction, and engagement in science activities), task 
orientation (students’ accomplishment of the planned tasks 
and their awareness of the expectations), and teacher support 
were associated with higher levels of scientific reasoning 
ability. These findings are in line with the expectations. 
Because previously conducted studies pointed out that 
students’ discourses in science classrooms (Cobb and Yackel, 
1996; Hogan et al., 2000); engagement in splatted task into 
subparts (Lazonder and Kamp, 2012), structured tasks (Rieber 
and Parmley, 1995); having good interpersonal relationships 
with teachers (Kelly et al., 2015) contribute to their scientific 
reasoning ability development.

Therefore, enriching learning environments with these 
characteristics, informal educational settings can be used 
to advance students’ scientific reasoning abilities. In fact, 
after synthesizing the results of the interventional studies, 
Zimmerman (2000, 2005, 2007) presented that prompts, 
scaffolds, didactic instructions, and opportunities for particular 
types of practices maintain improvement on students’ scientific 
reasoning ability. For example, using prompts in science 
classrooms provide improvements in the use of strategic 
requirements of the tasks (Kuhn and Phelps, 1982) and 
promotes self-explanations of concepts by the students (Chi 
et al., 1994). Accordingly, using prompts as teaching tools in 
science classrooms provides teacher support, involvement 
in classroom discussions and task orientation to students 
while advancing their scientific reasoning ability. Similarly, 
providing scaffolds may also create the same effect on both 
the learning environment and students’ scientific reasoning. 

Table 2: Relationship between learning environment 
perception and scientific reasoning ability

Predictor variables β ρ sr2

Student cohesiveness −0.14 0.07 0.01
Teacher support 0.21 0.01 0.02
Involvement 0.32 0.00 0.04
Investigation 0.01 0.92 0.00
Task orientation 0.18 0.03 0.02
Cooperation −0.22 0.01 0.02
Equity −0.06 0.46 0.00
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At this point, it is necessary to differentiate scaffoldings as 
provided by teacher and peers. Since the results of the currents 
study signified that mostly teacher-related variables such as 
teacher support and task orientation positively connected with 
students’ scientific reasoning ability, but peer-related ones 
such as cohesiveness and cooperation have no or negative 
association with their scientific reasoning ability. Considering 
the contextual factors of the present study, as mentioned before, 
the common teacher-centered implementation tendency in 
science classrooms (Dindar and Yangın 2007; Gökçe, 2006) 
may trigger this distinction. However, this is a speculative 
explanation and needs further research to clarify this claim.

In addition, another way to enhance the scientific reasoning 
ability development of students in a learning environment is to 
use instruction assistance (Lehrer et al., 2008). As Zimmerman 
(2000, 2005, 2007) mentioned, didactic instruction is a 
way to improve students’ scientific reasoning, especially 
on control-of-variable strategies, and it ensures students’ 
learning and strategic gains both in laboratory and classroom 
environments (Chen and Klahr, 1999; Klahr and Nigam, 
2004; Toth et al., 2000). However, teachers should be careful 
about the limit of the information given for experimentation. 
Hence, rather than presenting experimentation as a prescribed 
and canonical method, it should be offered as a form of 
argument like modeling (Lehrer et al., 2001). Accordingly, 
if didactic instruction is implemented with paying attention 
to the critical points, the learning environment can provide 
teacher support, involvement, and task orientation which are 
positively associated with students’ scientific reasoning ability. 
In addition, to provide students active participation, most 
activities in science curriculums are designed according to 
inquiry-oriented instruction. Inquiry-oriented instruction offers 
certain characteristics to the learning environment (Hofstein 
et al., 2001; Lin et al., 2009), and also, it is the most preferred 
way to promote students’ scientific reasoning in research 
(e.g., Adey and Shayer 1990, Gerber et al., 2001; Lawson 
1995, Marek and Cavallo 1997). Therefore, inquiry-oriented 
instruction can be used to arrange a learning environment 
to improve students’ scientific reasoning ability. Moreover, 
Lawson (2004) signified that one-on-one sessions are helpful 
to develop students’ scientific reasoning. Since it is not easy 
to apply informal education context, the researcher denoted 
that right implementation such as using hypothetico-deductive 
instruction also provide improvements in students’ scientific 
reasoning. In such an instruction, students can be motivated to 
think on the explanations with its alternatives on the presented 
cases and they actively involve in classroom discussions to 
express their ideas. 

On the other hand, association between other learning 
environment perception variables, including student 
cohesiveness, investigation, and equity and scientific reasoning 
ability, was non-significant. Unexpectedly the results presented 
that students’ cooperation with each other in classroom activities 
negatively related with their scientific reasoning ability. The 
non-significant findings and the negative relationship found 

between cooperation and scientific reasoning ability can be 
partly explained by the context of the study: This study was 
conducted in Turkey. Although Turkish middle school science 
curriculum is student-centered, there is a discrepancy between 
written and implemented science curriculum in Turkey (Genç 
and Küçük, 2003). This is because science teachers tend to be 
more teacher-centered while implementing suggested activities 
to transmit knowledge to the students without providing 
opportunities for active participation (Gökçe, 2006; Kozandağı, 
2001; Özmen, 2003). Thus, it may be reasonable that students 
who were not extensively exposed to student-centered 
activities, classroom environments encouraging cooperation, 
investigation, students’ cohesiveness, or equity could not have 
contributed well to their scientific reasoning ability because 
scientific reasoning includes the skills necessary for scientific 
inquiry requiring open-ended activities in student-centered 
classrooms (Roth and Roychoudhury, 1993).

In addition, as a context of this current study, Turkish 
educational system is exam-oriented and highly competitive 
(Sungur and Şenler, 2009). In such a competitive system, 
normed referenced evaluation may encourage the students to 
study individually and cooperate less with their classmates 
to carry out classroom activities. However, it is important to 
note that quality of reasoning is better in cooperative learning 
than competitive or individualistic learning environments 
(Johnson 2003; Johnson and Johnson, 1989, 2005). Therefore, 
current findings suggest that there is a need to make revisions 
in science education programs and examination systems 
to create cooperative learning environments conducive 
to students’ scientific reasoning abilities as an essential 
component of scientific literacy and having an important role 
in an individual’s real-world life. In addition, the development 
of scientific reasoning in K-12 education is demonstrated to 
have a long-term effect on students’ academic achievement 
(Adey and Shayer, 1994). 

The results of the current study are presented and discussed 
considering the context of science education in Turkey. Hence, 
further studies can be conducted to examine the generalizability 
of the findings in other countries and in different contexts. In 
addition, the findings of the current cross-sectional study rely 
on the data obtained from self-reported instruments. Thus, 
there is a need for additional qualitative studies to clarify the 
associations between the variables of interest. In addition, 
longitudinal studies can be conducted to establish cause and 
effect relations. 
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Sub‑scale of WIHIC Sample Item
cohesiveness I help the other class members who are 

having trouble with their work.
teacher support The teacher helps me when I have trouble 

with the work.
involvement My ideas and suggestions are used during 

classroom discussions.
investigation I carry out investigations to test my ideas.
task orientation Getting a certain amount of work done is 

important to me.
cooperation I cooperate with other students on  

class activities.
equity My work receives as much as praise as 

other students’ work.

APPENDIX
Sample items of what is happening in this class questionnaire (WIHIC)
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