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Learning a scientific way of thinking is a fundamental aim of university education. It means that there are certain thinking skills that students across all disciplines should learn during their studies. For example, critical thinking and reasoning skills are essential for all university graduates. In addition, students are expected to achieve certain skill levels related to scientific research, for example: learning the basic concepts of science and research methodology, understanding the research process and understanding the nature and origins of scientific knowledge. We call these skills research competence and see research competence as one of the main elements of scientific thinking. We assume that understanding the basic concepts of science is a starting point for the development of research competence and more broadly, for scientific thinking. However, previous studies have shown that scientific concepts are not easy for students to learn. The aim of this study is to increase our understanding of a particular aspect of university students’ research competence by exploring teacher education students’ (N = 179) conceptions of one of these challenging concepts, the concept of theory. The results illustrate that understanding the concept of theory is challenging even for graduating (fourth and fifth year) master students. Only half of them were able to describe the concept of theory in a scientific context suggesting that the other half had unscientific conceptions of theory, named here as non-scientific conceptions. When looking at the students’ who reported scientific conceptions of theory, one quarter of graduating students and a few early stage (first and second year) students had a declarative approach meaning that they were able to describe the concept of theory by using some basic scientific terms. About one fifth of graduating and early stage students had a procedural approach meaning that they were able to describe theory related to research as “doing”. Only a small number of students showed an understanding of the nature and origins of scientific knowledge and the role of research and theory, called here an epistemic approach.
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INTRODUCTION
Information of many kinds is growing exponentially and social media allows us to share it incredibly quickly. People around the world make decisions based on news and research shared by other social media users. Separating fake news or fake research from scientific reports is difficult without the skills to understand scientific research. Thus, critical thinking skills (see e.g. Hyytinen, Toom & Shavelson, 2019) and skills to understand research have become more important than ever before. These skills are especially important for students who are graduating from universities and who will work as experts in their field in the future (Murtonen & Balloo, 2019). Previous research (Murtonen & Salmento, 2019) has shown that there are certain thinking skills that can be seen as common learning goals for university students in all disciplines. We call these scientific thinking skills. Traditionally, scientific thinking has been understood quite narrowly and the words “science” and “scientific” are often associated only with natural sciences. However, when talking about scientific thinking we refer to all disciplines of universities. Based on the theory of scientific thinking in higher education (Murtonen & Salmento 2019), both university teachers and students emphasise the role of research skills (or research competence) as a fundamental part of scientific thinking. The other aspects of the theory were critical thinking skills, epistemic understanding (skills to understand the nature and sources of knowledge), evidence-based reasoning and contextual understanding (disciplinary and more generic understanding in situating knowledge).
Research Competence in University Education
Earlier research suggests that teacher education students are not always able to connect the theoretical parts of their studies with practice (Puustinen, Säntti, Koski & TammiMurtonen, Olkinuora, Tynjälä & Lehtinen, 2008;2018; van Katwijk, Berry, Jansen, & van Veen, 2019). However, students are expected to learn certain research skills during their university education, called here research competence. There is variation in how research competence is defined in the literature. Some of the studies concentrate on disciplinary specific competencies (see e.g. Valter & Akerlind, 2010) and some concentrate more on some phase of research process (see e.g. Chang, Chen, Guo, Cheng, Lin & Jen, 2011). Some researchers have approached the phenomena more generally and for example Thiel and Böttcher (2014) have created a model presenting research competences across various academic disciplines (see also Böttcher & Thiel, 2018). According to their findings, regardless of discipline, higher education students’ research competences comprise for example content knowledge, skills in reviewing the state of research, methodological skills, skills in reflecting on research findings and communication skills.
Previous studies have shown that university students face many difficulties in learning research skills (Earley, 2014; Wagner, Garner & Kawulich, 2011) and even the most central concepts are not easy for students to learn (Murtonen, Aiston & Kiley 2006; Murtonen, 2015; Kiley & Wisker, 2009). For example, students in bachelor’s and master’s programmes have been reported to have substantial problems in the learning of the central conceptions of research methods, such as theoretic and empiric concepts (Murtonen 2015). We assume that understanding the most central scientific concepts, like concept of theory in this study, is a starting point to be able to learn more advanced research skills and thus, forms a starting point for research competence. Because university teachers are very familiar with these concepts, it may sometimes be difficult for them to understand that they are challenging for students to learn. Also, some teachers see students’ research skills as more important than others and use different teaching methods to support their students’ learning (Brew & Mantai, 2017; Lorencová, Jarošová, Avgitidou & Dimitriadou, 2019; Brew & Saunders, 2020). As Balloo (2019) states, teachers should be aware of the issues with which their students struggle in methodological courses and pay attention to see if the pedagogical approaches they are using are likely to help students to get over the possible barriers.
Understanding the Concept of Theory
Defining the concept of theory is not unambiguous because the concept is used in many different ways (Kiley 2015, 52; Kuhn & Pearsall 2000, 116; Murtonen et al., 2006, 142; Tight 2015, 86). Many concepts are understood differently in everyday speech and within academic communities. Understanding the scientific meaning of the concept of theory may be difficult for students because of the way the concept is used in everyday speech, which is more familiar to them than in academic use, especially at the beginning of their studies. According to Kuhn (2010) very young children begin to organize their experience by constructing theories, and the coordination of theory and evidence is common both for early theory revision and scientific thinking. What is different between these is that the early theory revision often occurs implicitly without conscious awareness while scientific thinking is associated with conscious activity. Thus, university students need to have opportunities to deliberately practise to understand and use the concept of theory. In earlier work Kiley and Wisker (2009) argued that theory was one of several threshold concepts in learning to be a researcher (see also Kiley, 2019). As Meyer & Land (2006) proposed, a threshold concept is “something distinct within what university teachers would typically describe as ‘core concepts” (p. 6). They elaborated by suggesting that the characteristics of a threshold concept are likely to be transformative, irreversible, integrative, (possibly) bounded in any conceptual space, and (potentially) troublesome (pp. 7–8). Hence, as outlined below, the concept of theory was considered to be critical for research students to fully understand in order for them to progress and develop as researchers.
Based on a previous study (Murtonen, 2015) there are differences at least in students’ conceptions of the origins and the aim of theory. Students may have problems for example in understanding what theories are, where they come from and what they are needed for. Additionally, students may have very different conceptions of theory and it is likely that many of these arise from the non-scientific way of using the word theory in everyday language. For example, in daily speech it is common to see theory and practice separated from each other. This is quite general and students may have difficulty understanding the link between theory and practice especially in the beginning of their university studies. Furthermore, they may be confused by the role of theory, and as Knight (2015) argues, it is common for students to hope that there was ‘more practice rather than theory’ in their studies. According to him the suggestion that the conception of theory is something that is separated from practice can be seen in the literature. Previous studies have reported, for example that teacher education students have difficulties understanding the value of integrating theory to classroom practice (Knight, 2015, 145) On a positive note, however, according to Knight’s (2015) findings, students seem to eventually find the value of theory if given time.
Another conception that is general in everyday thinking is the idea that theories are there to explain practice, for example people’s behavior, different phenomena or events, without requiring any scientific evidence. Students may also be confused where the theories come from. They may have many different kinds of thoughts about the essence of theory, whether theories are certain or uncertain, and whether they are stable or able to change over time. In this way students’ conceptions of theory are linked also with their epistemological beliefs (Salmento & Murtonen 2019), that is, beliefs about knowledge and knowing (see for example, Kuhn & Weinstock 2002; Nussbaum, Sinatra & Poliquin, 2008). Theories can be seen as existing products created by others or as a fact or truth. For example, the grand theories like Darwin’s theory of evolution or Einstein’s theory of relativity are often understood in that way. Students may find it difficult to understand that new theories can be generated on the basis of each study and research can change the existing theories. During their university studies students need to develop an understanding that the existing theories are able to change and new theories are emerging all the time. It would be important for students to understand that the existing theories are used as a theoretical framework for research and in addition, new theories can be created through the results of the new research.
Research Competence and Conceptions of Theory
Understanding the link between theory and research is causing problems for students as well (Kiley 2015; Murtonen 2015). According to Murtonen (2015) theory and research are often linked together, but the link is not unequivocal. Creation or modification of theories can be seen as the aim of research. In a study by Murtonen (2015), some students made a link between qualitative research and theory in the meaning that qualitative research produces theory while some students made a link between quantitative research and theory in a sense that in quantitative research theories are tested. What made these linkages problematic was that some students thought ‘theoretical’ is only connected to qualitative or quantitative research but not to both. Theory can also be seen as bringing credibility and reliability to research. Kiley (2015) reported in her study that research supervisors reported that it was not uncommon for doctoral candidates to experience difficulties understanding the concept of theory and appreciating the role of theory in research. For example, it was reported that candidates experienced difficulties in using theory as a framework for research, and also in forming a new theory based on research. Given a widespread view of the importance of understanding the concept of theory, and also being able to use theory in research, Kiley argued that this is critical for the development of a researcher.
As described above, many concepts are understood differently in everyday life compared with a scientific context and we assume that it is common for students to have everyday conceptions of scientific concepts especially in the beginning of their studies. Understanding the concepts at an everyday level is a starting point and university studies can then support students to move forward and learn to understand the scientific meaning of these concepts. The results of a previous study analyzing university students’ conceptions of research (Salmento & Murtonen, 2019) revealed that there are different levels of how students’ understand research. Some students had conceptions at the lowest, declarative level, meaning that they used some core concepts of scientific research, e.g. objectivity and repeatability when talking about research. Some students had conceptions at a more advanced, procedural level meaning that their conceptions were related to doing, for example participating in, or conducting research. Some students were able to describe research at the most advanced, epistemic level. These students have the understanding to reflect the nature and sources of scientific knowledge and show understanding that even scientific knowledge is uncertain and created by people. We assume that reaching the declarative level (understanding the core concepts of scientific research) is a requirement to be able to move onto the procedural level (to be able to participate on scientific knowledge construction) and reaching both of these levels is a requirement for being able to move to the next, the epistemic level (understanding the nature and sources of scientific knowledge).
The aim of this study is to increase our understanding of teacher education students’ research competence by exploring how they understand one of the most fundamental scientific concepts; the concept of theory. By exploring how students’ comprehend the concept of theory, one of the core concepts of science, we aim to increase our understanding of how well teacher education students really handle the concept and if there is a need to pay more attention to how university teachers could support their students to develop their understanding of this kind of core concept. On the basis of the scarce prior research on this area, it appears that the concept of theory has been found to be difficult to understand for masters level students (Murtonen, Aiston & Kiley 2006; Murtonen, 2015) and even for doctoral students (Kiley & Wisker, 2009). In this study we aim to explore at which levels students understand the concept of theory and if there are differences between students’ conceptions at different phases of their studies.
Given This Background the Research Questions Are

1. What kind of conceptions of theory teacher education students have?
2. Are there differences in conceptions of theory between early stage (first or second year) students and graduating (third or fourth year) students?
MATERIALS AND METHODS
The participants (N = 179) of this study were Finnish teacher education students. Of the participants, 114 were first or second year students (called here early stage students) and 65 were fourth or fifth year students (called here graduating students). The data was collected by a questionnaire consisting of background information and an open-ended question. Background questions consisted of age, sex, and study year and the open-ended question was: “What do you think the concept of theory means? Describe shortly in your own words”. Approximately two thirds of the participants (N = 126) answered by completing a traditional paper-and-pencil hard copy questionnaire. The first author of this study visited their lectures and told them some basic things about the research and all of the students received the same information before responding to the questionnaire. About one third of the students (N = 53) completed the questionnaire online. They received the same instructions by email. Students were informed that the aim of the research is to explore what they think about some certain concepts. They were told that answering is voluntary and the data will be stored, analyzed and reported by following the university’s ethical recommendations and instructions.
Data-Analysis
Firstly then students’ open-ended answers were transcribed and the data was anonymized by giving an ID-number for each student and then entered into IBM SPSS statistics program. Variables were created also for background information including study year. As detailed below, conceptions of theory were entered by using codes 1 (non-scientific conceptions), 2 (scientific conceptions in declarative level), 3 (scientific conceptions in procedural level) and 4 (scientific conceptions in epistemic level). Differences in conceptions of theory between early stage (first and second year) students and graduating (fourth and fifth year) students were explored by crosstabulations. The length of students’ answers varied between 3–104 words and the total of the transcribed answers was 15 pages. The answers were read and analysed to answer the research question “What kind of conceptions teacher education students have of the concept of theory”. Two researchers read the answers and created individually a preliminary categorisation of the answers. Then, categorisations were compared and a final categorisation was created. It was clear that the data driven analysis showed that there were two kinds of answers: 1) answers, that did not include any scientific concepts and were more related to everyday-conceptions, like explaining practice, being a solution to some practical problem or being a fact or truth and 2) answers that showed some kind of understanding of the concept of theory in a scientific context. Thus, the categoristation was made firstly by separating the answers in two main categories: 1) non-scientific conceptions and 2) scientific conceptions of the concept of theory. Then, the answers that were categorized to the category scientific conceptions were analysed in more detail.
According to previous research results (Salmento & Murtonen, 2019), students’ understand, or are able to describe research at three different levels: 1) declarative, 2) procedural and 3) epistemic. Although these original categorizations were based on conceptions of research, the idea of the categorization showed to be applicable to conceptions of theory. Thus, in this study, students’ answers that showed scientific conceptions of the concept of theory were categorized by utilizing the idea of these levels. Thus, three sub-categories for scientific conceptions of theory were created and were named as declarative level, procedural level and epistemic level. The categorization was conducted by a top-down method meaning, that when reading each answer the researcher checked first, to see if the answer reached the highest, epistemic level. If it did, the answer was categorized to this category. If not but when checked it reached the next, procedural level it was then categorized to the procedural category. If not, when checked and the answer reached the lowest level that is declarative level it was categorized to this category. However, if the answer could not be categorized to one of these three categories, then in conjuction with a co-reseacher it was considered whether the answer should have been categorised as a non-scientific conceptions already in the beginning of the analysis. Note, however, that these cases were scarce in this study.
We assume that these categories describe the developmental stages, meaning that one must have reached declarative level before to be able to understand the concept in procedural level and both declarative and procedural level must have been reached before to be able to understand the concept in epistemic level. In this study we were interested in the level of their current conceptions. Each answer was categorized to only one category because the aim of the analysis was to find out in which of these levels each student’s conceptions currently stand, i.e. what it the highest of these levels that each student’s answer reaches. The first and the second author of this study analysed 30% of the data by coding the answers on the basis of the categorisation. Inter-rater reliability was 86%. The first author analysed the rest of the data. The idea of categorization is explained more detailed in Figure 1.
[image: Figure 1]FIGURE 1 | The categorization of students’ scientific conceptions of theory.
RESULTS
Students’ Conceptions of Theory
The analysis of students’ open–ended answers showed that there are clear differences in how they understand the concept of theory. The most notable difference was that some of the answers showed the understanding of the concept of theory in a scientific context, but many of the answers did not. Instead, they were more related to ‘everyday thinking’ and did not show any kind of understanding of the concept of theory in its scientific meaning. These students seemed to combine the concept of theory to practical thinking in everyday life, for example explaining practice, being a solution to some problem or being a fact or truth. The first category, named as non-scientific conceptions was created for this kind of conceptions. Examples of students’ answers classified to this category are presented in Table 1.
TABLE 1 | Examples of students’ answers in the category non-scientific conceptions.
[image: Table 1]The rest of the answers, that is, answers that showed understanding the concept of theory in a scientific context were analysed in more detail. The data driven analysis revealed that some of the answers showed deeper understanding than the others. Some were very declarative and quite superficial and some were more advanced and showed some kind of understanding of how and where theories come from (i.e. the relation between research and theories, related to doing). Some of the answers showed deeper understanding of the concept of theory and the nature and origins of scientific knowledge. Similar kinds of differences between students’ answers were found in a previous study exploring students’ conceptions of research (Salmento & Murtonen, 2019). The basic idea of three-step categorization (declarative, procedural and epistemic level) that was created in that study for university students’ conceptions of research showed to be applicable also to students’ conceptions of theory. Thus, in this study students’ answers that showed scientific conceptions of the concept of theory were categorized by utilizing the basic idea of these levels. Students’ answers showing conceptions of theory in scientific context were classified to following categories:
1) Conceptions of theory at the declarative level: some of the students described the concept of theory by using some terms that were related to science, for example the term scientific.
2) Conceptions of theory at the procedural level: some of the students showed understanding of where theories come from, and what theories can be used for. Their answers were related to research and “doing”.
3) Conceptions of theory at an epistemic level: some of the students showed epistemic views in their answers. For example, understanding that theories are pursued through scientific research by researchers using different research methods and that scientific knowledge is uncertain, unstable and created by people.
As noted earlier, we assumed that the levels of understanding, that is, declarative, procedural and epistemic are hierarchical in nature. Thus, the answers were analysed by interpreting that in which of these levels each student is currently able to describe the concept. Examples of students’ answers in these categories are presented in Table 2.
TABLE 2 | Examples of students’ answers in the categories declarative, procedural and epistemic level.
[image: Table 2]The total number of students’ answers classified to each category is presented in Table 3. Strengthening our assumption about the complex nature of the concept of theory, the analysis revealed that over half (53.6%) of all the students’ were not able to report their conception of theory in a scientific context. When looking at the scientific conceptions, only a few students showed understanding of the concept at the epistemic level. About one fifth of the students were able to describe the concept at procedural level and about the same number of students at the declarative level.
TABLE 3 | Students’ conceptions of theory.
[image: Table 3]Conceptions of Theory Between Early Stage Students and Graduating Students
To find out if there are differences between conceptions of students in different phases of their studies, we compared early stage (first and second year) students’ and graduating (fourth and fifth year) students’ answers. Early stage students had more non-scientific conceptions (65.40%) than graduating students, but it is noteworthy, that a little under half (44.10%) of all graduating students did not show a scientific understanding of the concept. When looking at the scientific conceptions, only a small number of graduating students (8.50%) and early stage students (7.50%) showed understanding about the concept at the epistemic level. The result strengthens our assumption that reaching the epistemic level might not be very typical for university students. About one fifth of both graduating students (22%) and early stage students (18.7%) demonstrated a procedural approach meaning that they were able to describe theory related to research and “doing. The number of graduating students in this level would have been assumed to be higher. On the other hand, this confirms the complex nature of the concept of theory in learning. About one quarter (25.4%) of graduating students and few early stage students (8.4%) showed understanding the concept of theory in declarative level, i.e. were able to use some scientific terms in their answers. The differences between students’ conceptions are presented in Figure 2.
[image: Figure 2]FIGURE 2 | Differences in conceptions of theory between first and second year students and Master’s degree students.
DISCUSSION
The aim of this study was to increase our understanding of teacher education students’ research competence by exploring how they understand the concept of theory. The results of this study are in line with previous studies (Murtonen, Aiston & Kiley 2006; Kiley & Wisker, 2009; Murtonen, 2015; Earley, 2014; Wagner, Garner & Kawulich, 2011) showing that students face problems in learning research skills and understanding the most central scientific concepts such as empirical and theorethical (Murtonen, 2015). According to our findings, over half of the students’ were not able to describe the concept of theory in a scientific context meaning that under half of the students demonstrated a scientific understanding of the concept. Early stage (first and second year) students reported more non-scientific conceptions than graduating (fourth and fifth year) students, but what was quite worrying, almost half of the graduating students didn’t report scientific conceptions of the concept of theory meaning, that they understood, or were able to report the concept in non-scientific context. The finding is significant, because we assume that understanding the most central scientific concepts, like the concept of theory in this case, is crucial for the development of more advances research skills.
The analysis of the scientific conceptions that students had reported revealed, that only a few of the students, regardless of their study phase, showed an understanding the concept at the most advanced, epistemic level. This is quite understandable, because understanding the nature and origins of scientific knowledge is a sophisticated skill. This understanding applies to scientific knowledge and an understanding of the fundamental origins of scientific knowledge that develops hand in hand with experience, practice and expertise. About one fifth of both early stage and graduating students showed that they understood the concept of theory at a procedural level, meaning that they saw it related to research and doing. We assume that this level is needed to reach to be able to utilise and understand research results, and also possibly participate in scientific knowledge construction. This is already very advanced and we suppose that a lot of practice and experience is needed to be able to reach this level. One quarter of graduating students were able to describe theory at a declarative level meaning that they had skills to describe the concepts in some basic scientific level by using some scientific terms. The number of early stage students in this level was clearly lower than graduating students, suggesting that graduating students might have learned to understand the concept in declarative level during their studies. That is a starting point to be able to move forward to more advanced levels in a scientific context.
There are some limitations concerning the data and the method used in this study. The data was collected by asking students to answer a simple open-ended question and many of the students’ answers were quite short and possibly superficial. Thus, it could be argued that the method was not sufficiently multifaceted to be able to gain a truly deep understanding of students’ thinking. When comparing answers that were categorised to different categories, the answers that showed non-scientific conceptions were typically shorter than the answers categorised to the scientific conceptions. The reason might be, that these students’ really didn’t have much to say, because the question is very difficult to answer if you don’t understand the scientific meaning of the concept. More advanced methods, for example interviews would have given us much deeper understanding of students thinking. In the future, different and more advanced research methods could be used to deepen understanding of the topic. For example, interviews would allow to get deeper to participant thoughts. The data of this study consisted only of teacher education students. Exploring their research competence is important, because teachers’ own research learning experiences are related their teaching strategies that they use in their own teaching (Brew & Saunders, 2020). In the future, also disciplinary differences could be explored.
The findings of this study provide important information for university teachers and perspectives for future research. If half of the students understand the concept of theory in non-scientific context, more attention needs to be paid to the methods of how these kinds of central scientific concepts are taught at universities. Also, teachers are not always necessarily aware of the problems that their students face with learning these conceptions especially if the learning outcomes are measured only in the end of the course. Exploring what kind of pre-conceptions students have about the most central concepts would be important to be able to support their learning. For example, if students’ conceptions of theory seems to be related more to everyday thinking than the meaning of the concept in scientific context, teacher is able to consider what are the best pedagogical solutions to support students’ learning, or ‘help students over possible barriers’, as Balloo (2019) argues. Also, more attention needs to be paid to teachers’ approaches to supporting their students to learn these central scientific concepts. Not all the teachers see the development of their students’ research competence as important as do others and this can be related to their way of teaching (Brew & Mantai, 2017; Brew & Saunders, 2020).
In the future, more advanced research methods could be used to deepen our understanding of the topic from the viewpoint of university students. For example, interviews would allow researchers to gain a deeper understanding of students’ conceptions. In addition, it would be important to also explore the topic from the viewpoint of university teachers to find out 1) how explicitly they aim to teach central scientific concepts, such as the concept of theory, 2) how aware they are of the various level of their students’ understanding these concepts and 3) how, and in which phases of their courses or study years students understanding is evaluated.
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Non-scientific conceptions

“Theory is knowledge about something. Theory is explaining practice.” (4)

“..the opposite of concreteness.” (6)

“Truth about something, why something is in the way it s or happens in a certain way.” (26)

“That it is not real or based on facts.” (34)

“Theory is an explenation or solution to a problem.” (37)

“Justified point of view” (56)

“Belief or assumption about how something happens” (59)

“Theory is a view of how something in practise, for example certain kind of behavior is possible, where it comes from and where it leads.” (103)
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Declarative level

“Scientific description of some issue, defined at
conceptual level” (44)

“Abstract, scientific model for how some
phenomena appears and works in the
world." (74)

“Theory is a scientific model to explains
things.” (86)

“Theory aims to model some phenomena and
its action in a scientific way.” (101)

Procedural level

“Knowledge that is based on reseach results” (16)

“A combination of definitions and studies concentrating on
certain topic. For example Evolution theory includes
concepts and studies that form the theory” (43)

“Theory means gathered knowledge of some thing or
phenomena, and theory s aiming to explain that with the
help of research” (106)

“Theory is a view of some certain topic and it's developed
through research or researchers. This topic is aimed to
explain with the help of theory.” (111)

“Theory is a conceptual view of some phenomena or topic
and it's based on research. Theory is a model based
description developed by one or several people and it
describes the different aspects of the topic and the
interaction between these aspects.” (112)

Epistemic level

“A conception of how some phenomena occurs based on
researchers. Theory is always a context based view of the
phenomena and it's made from the viewpoint of some
certain researcher.” (19)

“Theory can be seen s a pattern or solution to the
phenomena thatis under research. It explains and specifis.
There are several theories for the same phenomena. Theory
is a research result made by one or several people.” (96)
“Theory is that knowledge that has been received on the
grounds of research. Theory is generalized knowledge. New
studies can be done based on theory and thus the theory
can be broadened.” (98)
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