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Abstract A number of authors have recognized the importance of understanding the

nature of science (NOS) for scientific literacy. Different instructional strategies such as

decontextualized, hands-on inquiry, and history of science (HOS) activities have been

proposed for teaching NOS. This article seeks to understand the contribution of HOS in

enhancing biology teachers’ understanding of NOS, and their perceptions about using HOS

to teach NOS. These teachers (N = 8), enrolled in a professional development program in

Chile are, according to the national curriculum, expected to teach NOS, but have no

specific NOS and HOS training. Teachers’ views of NOS were assessed using the VNOS-

D? questionnaire at the beginning and at the end of two modules about science instruction

and NOS. Both the pre- and the post-test were accompanied by interviews, and in the

second session we collected information about teachers’ perceptions of which interventions

had been more significant in changing their views on NOS. Finally, the teachers also had to

prepare a lesson plan for teaching NOS that included HOS. Some of the most important

study results were: significant improvements were observed in teachers’ understanding of

NOS, although they assigned different levels of importance to HOS in these improvements;

and although the teachers improved their understanding of NOS, most had difficulties in

planning lessons about NOS and articulating historical episodes that incorporated NOS.

The relationship between teachers’ improved understanding of NOS and their instructional

NOS skills is also discussed.
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1 Introduction

Understanding issues associated with the nature of science (NOS) is considered a vital

component of scientific literacy worldwide (e.g., American Association for the

Advancement of Science [AAAS] 1990; Lederman et al. 2015; Millar and Osborne 1998;

Osborne et al. 2003; Wahbeh and Abd-El-Khalick 2014). However, research studies

consistently indicate that most science teachers do not possess an adequate understanding

of NOS (Lederman and Lederman 2014).

With regard to NOS instruction, many studies have shown that explicit and reflective

teaching is the most effective approach to improving pre- and in-service teachers’ NOS

views (Abd-El-Khalick and Lederman 2000; Akerson et al. 2000; Bell et al. 2011; Matkins

and Bell 2007; Morrison et al. 2009). However, there is still much work to be done for

identifying the best model for teaching NOS (Lederman and Lederman 2014), and there is

still a lack of consensus on the most important features of an instructional model that will

generate a better understanding of NOS in students and teachers. In this context, research

studies have shown that the history of science (HOS) could be useful for teaching NOS

(e.g., Abd-El-Khalick and Lederman 2000; Allchin 2012; Höttecke et al. 2012; Lin and

Chen 2002; Rudge and Howe 2009; Rudge et al. 2014; Wahbeh and Abd-El-Khalick

2014).

In Chile, meanwhile, scientific literacy has been an objective in official curricula and

curriculum documentation since the end of the last century (Ministry of Education of Chile

2014), including the aspects of NOS that students should know. For example, the new

science curriculum states:

It is expected that during this cycle [seventh to tenth grades], whether the learning objectives of these
standards work, students should acquire a set of ideas about the nature of science (Ministry of
Education of Chile 2014, p. 145).

Accordingly, problems exist in NOS instruction because science teachers should be able to

develop informed views on NOS among their students, but in Chile, there are nearly no

opportunities to understand NOS in science teacher education or in continuing professional

development programs. As a result, science teachers hold naı̈ve views about NOS and are

not aware of effective NOS pedagogical practices.

The purpose of the present study was to explore the changes in NOS understanding by

in-service biology teachers who participated in a professional development program, which

incorporated three episodes in the history of biology that were used to explicitly and

reflectively teach NOS. Furthermore, the study also documented teachers’ perceptions of

the role of HOS in changing their NOS views and the skills they had developed for

planning NOS lessons using HOS.

2 Instructional Approaches for Teaching NOS

Currently there is a great deal of literature on instructional strategies for teaching NOS to

students and teachers (e.g., Clough 2006; Lederman and Lederman 2014) that has shown

that explicit, reflective instruction is more effective for teaching NOS than are implicit

approaches. Nevertheless, there is still a lack of consensus on the most important features

of this explicit and reflective instructional model for generating a better understanding of

NOS. For example, in terms of the contexts or types of activities used to teach NOS, the

literature includes both decontextualized (nonintegrated) and contextualized (integrated)
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activities (Clough 2006; Khishfe and Lederman 2006, 2007). Although some authors state

that contextualized or integrated activities (NOS instruction embedded within science

content) are the most effective for improving students’ and teachers’ understanding of NOS

(Clough 2006; Wahbeh and Abd-El-Khalick 2014), studies among students that consider

the instructional context have not shown significant differences between using integrated

versus nonintegrated activities (Khishfe and Lederman 2006, 2007). However, some

authors have suggested that the effectiveness of explicit, reflective NOS instruction could

be enhanced by including a conceptual change framework or including vignettes and case

studies from the history, philosophy and sociology of science (Clough 2006). An example

of the effect of including vignettes and case studies in NOS instruction is the study by Abd-

El-Khalick (2005) in which pre-service science teachers who participated in both a phi-

losophy of science and a science methods course showed deeper understanding of NOS

than did the group who attended only the science methods course.

3 The Role of the History of Science

Numerous scholars have proposed models of how the history of science should be

incorporated into science classrooms (e.g., Höttecke et al. 2012; Kampourakis 2013;

Kampourakis and McComas 2010; Monk and Osborne 1997; Paraskevopoulou and

Koliopoulos 2010; Rudge and Howe 2009; Rudge et al. 2014; Wahbeh and Abd-El-

Khalick 2014).

In one of the first proposals, Monk and Osborne (1997) generated a model for how

teachers might more successfully include HOS in their classrooms with the potential to

improve learning not only of the science content, but also of the nature of science. This

model consists of different phases: first, the teacher poses a problem to the students, and

then they propose predictions and explanations relevant to the problem; next is a historical

study that explicitly incorporates HOS; and finally, there is a group discussion about the

phenomenon in question, and the teacher presents the scientific content according to

modern textbooks. However, this model relies on an implicit understanding of NOS.

Paraskevopoulou and Koliopoulos (2010) propose a variation of the Monk and Osborne

(1997) model that is supplemented by the ‘‘story line’’ model. Their proposal is that the

teacher should provide short stories about science that aim to highlight specific scientific

content and accompany the stories with questions that direct students’ attention to specific

aspects of the nature of science that have been featured in history of science. Some very

useful examples of instructional materials that can be used in this model can be found in

Clough (2011a). This article describes 30 historical short stories designed to teach science

content and draw students’ attention to the NOS.

In another critique of Monk and Osborne’s model, Rudge and Howe (2009) proposed

another model for instruction that explicitly requires students to reflect on issues associated

with NOS. They suggest that HOS can be used to explore students’ preconceptions and

give them the opportunity to directly compare their ideas with those of scientists in the

past. Thus, HOS could help students exhibit their misconceptions, even if the reasons why

they hold them are distinct from those of scientists who held similar, but now regarded as

mistaken, views.

Moreover, various empirical studies within the science education literature have long

noted the potential role that the history of science can play in promoting different aspects

of science education, including students’ and teachers’ understanding of NOS (e.g., Abd-
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El-Khalick 2005; Abd-El-Khalick and Lederman 2000; Howe and Rudge 2005; Kim and

Irving 2009; Lin and Chen 2002; Paraskevopoulou and Koliopoulos 2010; Rudge et al.

2014). These interventions exhibit a diversity of approaches, strategies and activities, as

well as great diversity in the historical elements that are selected. Among these elements

are historical discoveries, disputes, scientific errors, historical experiments, theory devel-

opment, and a number of others.

In terms of teaching and understanding NOS, and using HOS for in-service and pre-

service science teachers, a study by Lin and Chen (2002) showed improvements in

chemistry teachers’ NOS views, specifically in areas such as the nature of scientific the-

ories, the recognition that theories guide observations, and the aspect of creativity in

science. In this intervention, which took place during a course on teaching chemistry, a

number of historical elements such as debates and classic experiments were introduced,

and aspects of NOS were addressed through reflection. Furthermore, Howe and Rudge

(2005) also reported a positive impact of an eight-session unit that used the history of

research on sickle-cell anemia to teach NOS to science teachers. The study, which involved

81 pre-service science teachers, suggested that participants’ NOS views improved with

reference to five specific issues. More recently, Rudge et al. (2014) also concluded that an

explicit and reflective use of HOS can impact pre-service elementary teachers’ NOS views,

even in a short duration unit. In this study, the authors showed that a very short intervention

of three lessons can result in a significant improvement in student understanding for some

NOS issues, especially in their understanding of theories, of the tentative nature of sci-

entific knowledge and of the role of experiments in science.

4 Research Questions and Methodology

The present study addresses three main research questions:

1. What change (if any) in biology teachers’ understanding of NOS occurs after an

explicit, reflective intervention that includes HOS?

2. What are biology teachers’ perceptions of the role of HOS in changing their NOS

understanding?

3. How did biology teachers incorporate HOS in their lesson planning for teaching NOS?

4.1 Design

The present study used a pretest/posttest single-group research design to assess the impact

of the intervention on in-service biology teachers’ NOS understanding. Qualitative and

quantitative methods were used to characterize changes in teachers’ views of NOS and

NOS planning. The data sources were an open-ended questionnaire (the VNOS-D?), semi-

structured individual interviews, and participant-generated documents.

4.2 Participants and Context of the Study

In Chile, curriculum is prescribed by the government for both public and private schools.

For science, the objective of scientific literacy has appeared since the end of the last

century (Cofré 2012). Nevertheless, what students should know about NOS or HOS is not

clearly explained.
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On the other hand, NOS and HOS are also in the new standard documents for science

teacher education (Cofré 2012; Cofré et al. 2015), but most of the country’s science teacher

education programs do not yet include NOS or HOS as topics to be covered, and the

Table 1 Schedule and summary of activities developed during modules 1 and 2 in the professional
development program and the aspects of NOS that were addressed in an explicit, reflective way

Lesson number, activity
and number of hours

Empirical Inferential Theory
and law

Creative Social
and
cultural

MSM Tentative Subjective

1. Scientific Literacy,
Science Education
and NOS talk/VNOS
pre-test (3 h)

1. Afro-American
sprinter
(argumentation &
NOS; 2 h)

X X X X

2. Floating fruits (D;
3 h)

X X

2. Twirly (D; 2 h) X X

3. Magic Tube (D; 2 h) X X

3. Sickle-cell anemia
(HOS; 3 h)

X X X X

4. Tricky tracks (D; 2 h) X X X

4. Discovery of AIDS
virus (HOS; 3 h)

X X X

5. Cube (D; 2 h) X X X X

5. Chromosome theory
of heredity (HOS;
3 h)

X X X X

6. Extinct mammals (D;
3 h)

X X X X

6. Mystery bones (D;
2 h)

X X X X X

7. Writing test (2 h)

7. Lesson planning
workshop using HOS
(3 h)

8. Feedback of lesson
planning/VNOS
Post-test (4 h)

9. Microteaching
session (5 h)

Decontextualized or
argumentation

4 7 1 4 1 2 1 5

History of science 1 2 1 2 1 3 0 2

Total 5 9 2 6 2 5 1 7

MSM myth of the scientific method, D decontextualized activity, HOS activity contextualized in history of
biology
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Chilean government has still not made NOS or HOS a priority for teacher professional

development (Cofré et al. 2010, 2015).

The required amount of schooling in Chile is 8 years of primary education (ages 6–13)

and 4 years of secondary education (ages 14–17). Secondary science teacher programs for

grades 9–12 include extensive education in one or two scientific subjects (typically more

than 15 courses in 4 years) and a very narrow cover in science instruction (typically only 2

courses) (Cofré et al. 2010, 2015). In fact, there are no science teacher education programs

in Chile that include an explicit course of nature of science, and only 14 of 37 programs in

the country include one course of History or Philosophy of Science. Therefore, it would not

be surprising if many science teachers in Chile were to hold uninformed views of NOS, as

has been shown in other countries (Lederman and Lederman 2014). Indeed, others studies

have measured such naı̈ve NOS views to be common among Chilean science teachers (e.g.,

Ravanal and Quintanilla 2010; Cofré et al. 2014). For example, Contreras (2009) found

that within a group of secondary science teachers, most believed that scientific knowledge

is objective and immutable. In summary, secondary teachers usually do not have sufficient

pedagogical content knowledge to teach NOS (Vergara and Cofré 2014) and have a very

scarce or even nonexistent knowledge about HOS, despite topics included in the national

curriculum (Cofré et al. 2010).

The Chilean educational system is a difficult environment for the implementation of a

professional development program (PDP). In primary and lower secondary classrooms, the

average class size is 30 students. The number of teaching hours per year in public sec-

ondary schools in Chile averages 860 h, which calculates to more than 30 h per week. The

salaries of teachers with at least 10 years of experience at the secondary level are not

higher than USD 15,000 per year (OECD 2009).

In this study, the intervention took place within the context of PDP about scientific skills

and teaching evolution at a private university in Santiago, Chile. The PDP lasted for

6 months, and the participants met for 5 h each Saturday morning between August and

November 2013, and for one intensive week in January 2014, for a total class time of

120 h. The program was organized into five modules, the first two of which were directly

related to conceptualizing NOS and scientific inquiry (Module 1 = 20 h) and to teaching

NOS (Module 2 = 24 h). The other modules focused on general topics about biology

instruction such as: use of models and representation, conceptual change, and others

(module 3 = 26 h), evolutionary content such as: natural selection, human evolution,

extinct mammals of Chile, and others (Module 4 = 30 h) and teaching evolution such as:

misconceptions about evolution, teaching methods, the importance of nature of science to

understanding evolution, and others (Module 5 = 20 h).

The sample comprised eight secondary biology teachers (four females and four males)

who voluntarily participated in the study. They ranged in age from 24 to 43 years old, and

they had a wide range of teaching experience (between 1 and 20 years). Pseudonyms were

assigned to each participant and are used throughout this article.

4.3 Intervention

A summary of the activities used during the intervention (modules 1 and 2) is shown in

Table 1. The materials used during these sessions are available in Spanish at: https://goo.

gl/TWdCGX.

Three lessons of 3 h each were conducted, during which we used HOS to discuss and

reflect on different aspects of NOS (Table 1) and thus improve teachers’ understanding of

J. M. Pavez et al.

123

Author's personal copy

https://goo.gl/TWdCGX
https://goo.gl/TWdCGX


NOS. These interventions used an explicit, reflective approach integrated with biological

content based on the proposals of Rudge and Howe (2009) and Paraskevopoulou and

Koliopoulos (2010). We want to clarify that our lessons were shorter than expected based

on these models because we tried to use lessons and activities that teachers themselves can

use in their own classrooms. Because of the pressure to cover all biology content in the

national curriculum, teachers usually do not have time for teaching innovations or for

including new topics (for example, NOS or HOS). Therefore, we showed them the

activities, and we delivered NOS instruction including history of biology in lessons no

longer than three school periods.

In addition, a number of explicit, decontextualized NOS activities (Lederman and Abd-

El-Khalick 1998) were also included in both modules, with one argumentation activity also

included at the beginning of module 1 (Table 1). Like many other interventions about

teaching NOS in the literature (e.g. Abd-El-Khalick and Akerson 2004), we also gave

teachers some readings that presented alternative, more informed views of the target NOS

aspects and of how to teach NOS. Three papers were in Spanish (Cofré 2012; Vergara and

Cofré 2012; Lederman and Lederman 2010) and one of them was in English (Clough

2011b).

In this study, eight aspects of NOS (Lederman et al. 2002) were targeted: subjectivity,

tentativeness, creativity and imagination, empirically based, the distinction between

observation and inferences, socio-culturally based, the myth of scientific method, and the

difference between theory and law. The purpose of both modules was to help teachers

recognize NOS as a distinct element of science and provide them with an authentic

description of how science is practiced by scientists (McComas et al. 1998). Both modules

were taught by two science educators (authors 3 and 4).

4.3.1 Lesson I: The Case of Malaria Resistance and Sickle-Cell Heterozygotes

In this lesson, the instructor guided the discussion about the discovery of the association

between sickle-cell anemia and resistance to malaria. This lesson was planned based on an

article by A. Allison (2002), ‘‘The discovery of resistance to malaria of sickle-cell

heterozygotes’’, and a video by the Howard Hughes Medical Institute (HHMI) on sickle-

cell anemia as a case of human evolution (available at https://www.youtube.com/watch?v=

Zsbhvl2nVNE). In this case, we specifically addressed only the evolutionary aspect of the

investigation (see Rudge and Howe 2009 for more extensive planning). In this activity, the

investigation was divided into three parts: medical, genetic and evolutionary research.

Because most biology teachers in Chile are familiar with the genetic and medical

aspects of sickle-cell disease, we decided to conduct the first two phases of the lesson in a

reflective way, following the model proposed by Paraskevopoulou and Koliopoulos (2010).

In the first part, the biology teachers read the stories about medical research based on the

work of James Herrick and Elizabeth Gillespie (Allison 2002) and discussed questions that

directed their attention to specific aspects of NOS. The teachers discussed: (a) the research

question addressed in the investigation, (b) the presence or absence of hypotheses in the

medical research, and (c) the type of investigation that was conducted in order to obtain the

first conclusions about the mechanistic causes of the disease. Then, in the second part of

the activity, the genetic or hereditary aspects of the disease were discussed using text and

figures based on the work of William Taliaferro and James Neel (Allison 2002). At this

point teachers were asked about: (a) what features of scientific knowledge could have been

recognized in this research, (b) what was the empirical basis of scientific work done by

Using a Professional Development Program for Enhancing…

123

Author's personal copy

https://www.youtube.com/watch?v=Zsbhvl2nVNE
https://www.youtube.com/watch?v=Zsbhvl2nVNE


doctors, and (c) how there are different ways to approach scientific problems. Their

responses were discussed in a reflective manner with the rest of the class.

In the third part of the activity (evolutionary research), we used an instructional model

following Rudge and Howe (2009). Because teachers do not know the details of the

evolutionary research on sickle-cell disease, they were placed in a more open-ended

problem-solving situation. For example, teachers examined geographic distribution data

from Africa to explain the problem of ‘‘the high frequencies of sickle-cell heterozygotes in

some areas’’. The teachers were asked to ‘‘give a hypothesis that explains this geographic

pattern’’. After that, teachers were also asked to explain why the researcher changed the

first experimental methodology and replaced it for a more correlational design (Allison

2002), i.e. ‘‘How do you explain why the researcher has discarded the first experimental

approach and replaced it for a more correlational design?’’ This aimed at making the

participants reflect on the existence of a single scientific method. After these activities the

instructor showed a video that described how Allison came to propose his hypothesis and

how it was tested. After the video, the instructor explicitly asked teachers to give some

examples of characteristics of scientific knowledge that could be evidenced in Allison’s

investigation, such as creativity and subjectivity, which were discussed with teachers. The

instructor also asked teachers about the importance of empirical data in Allison’s research.

Furthermore, the teachers reflected on the difference between the traditional definition of

the scientific method that is included in textbooks and that given by Allison in the video—

‘‘The scientific method essentially means to address a problem and try to find a solution’’—

through questions that allowed them to compare the two definitions.

4.3.2 Lesson II: The Discovery of the HIV Virus and the Beginning of Immunology

This lesson was related to the history of immunology and the discovery of the HIV virus

that is related to AIDS. The lesson plan was based on the article ‘‘AIDS in 1988’’ by Robert

C. Gallo and Luc Montagnier (1988) and on the book Beyond Love by Dominique Lapierre

(1991). The section on the beginning of immunology focused on deaths from puerperal

fever among women who gave birth at the Vienna Lying-In Hospital, data on which were

obtained from the book Vaccines: A Biography by A. Artenstein (2010). The aspects of

NOS that were discussed in this context were the differences between observation and

inference, the myth of the scientific method, and the sociocultural dimension of science. In

the first part, the teachers read historical information about the first diagnosis of AIDS in

homosexual people and the report by Dr. Michael Gottlieb in the Morbidity and Mortality

Weekly Report (CDC). At this stage of the lesson, the teachers answered questions about

how knowledge is generated based on both observations and inferences. We showed them

the observations made by physicians, and then asked them what were the most important

inferences from them. Then, the participants were introduced to the question stated by Dr.

Jim Curran from the CDC: Why were patients’ immunological systems so suppressed?

Each group was asked to propose a research design to answer this question. A number of

teachers proposed blood tests and exams and called these experimental design studies.

However, there was also one teacher that proposed to do an investigation based on a

survey. Then, in a plenary session that lasted 30 min, the proposals were discussed, and the

teachers reflected on the different methods of conducting science.

Furthermore, along the whole activity teachers were asked if the HIV viruses were

‘‘observed’’ or ‘‘inferred’’ or if the relationship between HIV and AIDS was an inference or

an observation. For example, when the virus was found in patients’ tissues we asked

teachers if this was an inference or an observation about the relationship between AIDS
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and the virus. Finally, the instructor provided some background on the relationship

between the scientific community, public health policy and research on AIDS, with

emphasis on the differences that were generated when the first cases in hemophiliacs were

diagnosed and, thus, the susceptible population was expanded. During this section, we

asked teachers about the social aspect of scientific work: ‘‘Why do you think that the

government and scientists changed their view about AIDS when the population at risk

included not only homosexual people, but also hemophilic ones?’’

The second example about immunology began with a small conceptualization of the

possible benefits of using HOS to teach NOS. Next, the instructor presented the problem of

the deaths of pregnant women that was studied by Dr. Ignaz Semmelweis. We showed

them the observations made by the physician and then asked what inferences could be

made from those observations. Once the possible inferences were discussed, the teachers

answered the following question: what are the differences between an observation and

inference? The teachers then discussed the evidence used by Semmelweis to propose the

infectious etiology of puerperal sepsis.

4.3.3 Lesson III: Developing the Chromosome Theory of Inheritance

The third lesson of NOS using HOS was the story related to the development of the

chromosome theory of inheritance. The lesson plan was based on the paper about T.

Morgan and the origins of modern genetics by Allen (2015), the book a history of genetics

(Sturtevant 1965) and A. Griffiths et al. (2008), Genetics. In the first section of the activity,

we asked the teachers if the hypothetical proposition of Sutton and Boveri about the

location of Mendelian factors on the chromosomes was enough to develop a theory of

chromosome inheritance. After that, some key historical experiments, looking to determine

the physical location of Mendelian factors, were presented to the teachers. The experiments

were such as: Elinor Carother and observations of grasshopper testes; the crosses of the

Abraxas butterfly by Doncaster and Raynor; Bateson’s crosses to study the inheritance of

plumage color in chickens; and Morgan’s work with Drosophila melanogaster. In a second

section, we tried to provide teachers with the opportunity to think like scientists and asked

them to develop different conclusions about the accuracy of Mendel’s first law in the light

of the results that the various authors had obtained (Rudge and Howe 2009). Additionally,

questions such as: ‘‘why these scientists (e.g. Bateson and Doncaster), having observed the

same results, did not reach Morgan’s conclusions about sex linkage?’’, were asked with the

intent to highlight the creative and subjective nature of science that is necessary for

developing explanations. In this case, Morgan’s creativity was in understanding the sex-

linked inheritance mechanisms, and subjectivity was discussed in an attempt to explain

why the same experimental results were interpreted in different ways by Morgan and other

biologists. Finally we asked teachers to highlight the differences between the postulates of

chromosome theory of inheritance and Mendel’s laws. After that, we had a reflective

discussion, guided by questions made by the instructor, where we asked teachers to make a

generalization about the differences between these two different types of scientific

knowledge. The groups of teachers generated conclusions that highlighted the greater

explanatory power of theories.

4.4 Procedure

At the beginning of the first module, the teachers completed the VNOS-D? questionnaire

(pretest), and then all participants were interviewed to elaborate on and clarify their
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answers. Next, the intervention was performed, which included both decontextualized

activities and the three lessons that included HOS to teach NOS (see Table 1). At the end

of the second module, each teacher individually answered a written test that was used to

assess their views on the pedagogy that had been used. At this time they also had to create

lesson plans that incorporated teaching NOS through HOS. At the end of this module,

teachers again completed the VNOS-D? (posttest). Then, semi–structured interviews were

conducted with four participants in order to elaborate on and clarify their answers and to

obtain information on the importance the teachers had given to the strategies used during

the training. Teachers who spontaneously mentioned HOS were asked what they thought

were the most important lessons and why. Finally, all were asked to apply HOS in their

classes and were asked if they felt able to teach NOS using HOS.

4.5 Data Collection and Instruments

In spite of different conceptualizations of the nature of science (see Deng et al. 2011, for

example, for a classification of type of studies in students understanding of NOS), and

some controversy still remaining about this issue (e.g. Allchin 2011; Irzik and Nola 2011;

Schwartz et al. 2012), we decided to adopt the conceptualization of NOS developed by Dr

Lederman and his colleagues (see Lederman et al. 2002), because this group have

developed reliable and valid instruments to assess NOS understanding in teachers as well

as in students. Moreover, although we know that NOS is a complex concept that can

include more than the aspects assessed in the questionnaire developed by Lederman and his

colleagues, these are aspects that have been studied for more than 60 years in science

education, and over 80 % of all the instruments that have been developed ever to assess

knowledge about NOS include them (Abd-El-Khalick 2014). In addition, NOS aspects

included in VNOS instruments are also included in most curriculum documents in the

United States (Schwartz et al. 2012) and other countries (Cofré 2012), and have been

suggest to provide an effective starting point for teaching about NOS and for addressing

students’ preconceptions about science (Kampourakis 2016).

According to this approach, the VNOS-D? questionnaire was used to assess teachers’

understanding of NOS (Lederman and Khishfe 2002). This instrument was used to

determine teachers’ views about NOS both before and after the intervention (Lederman

et al. 2002). The D ? version of the VNOS questionnaire is easily administered in\1 h

and yields very similar information to that obtained from the longer versions, VNOS-B and

VNOS-C (Lederman 2007). Because this study took place in a Spanish-speaking country,

the VNOS-D? was translated and previously validated in this language (Cofré et al. 2015).

Along with this instrument, semi-structured interviews were conducted with all eight

teachers after the pretest. After the posttest, four teachers were selected based on their

willingness to participate in a second interview. The semi-structured interviews were

intended to validate the responses to the pre and post questionnaires and to help generate

in-depth profiles of participants’ conceptions of NOS (Lederman et al. 2002).

In the posttest interviews, interviewees were provided with their pre- and post-inter-

vention VNOS-D? responses and were asked to explain and elaborate on their responses.

They were also asked about their perceptions of the impact of the intervention on their

understanding of NOS. This part of the interviews included the following questions:

• What was your most significant experience related to learning NOS in these first two

modules? Please explain why.
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• According to the questionnaire, you changed your view about (some) aspect of NOS.

Do you remember any activity (contextualized or decontextualized) that was important

to you for improving your understanding about this aspect of NOS? Please explain.

When some teachers mentioned certain HOS activities, we also asked them:

• Do you think that you could apply this activity in your class to teach NOS?

• What aspect of this NOS activity do you think you could use in your class?

Each interview was audio-recorded, and the average length was approximately 1 h. The

same two authors (1, 2) conducted all interviews. The interviewers have two (1) and ten (2)

years of experience conducting interviews in research contexts. To avoid pressuring or

influencing the teachers’ responses, these authors never met the teachers before the

interviews and had never taught any subject in the program (Lederman et al. 2002).

Another source of data collection was a written test that was administered near the end

of module 2. In this written test, each teacher had to characterize the different types of

activities that had been used in the modules to teach NOS (contextualized and decon-

textualized), and then they were asked to give their opinions on which were the most

effective activities for learning NOS. Both the written test and the post-intervention

interviews served to triangulate teachers’ views about the contributions of HOS in

changing or improving their understanding of NOS.

A fourth source of information on teachers’ use and implementation of HOS in NOS

instruction were their lesson plans. Each teacher had to include in his/her lesson plan:

• Learning objectives regarding biology content and NOS

• Which aspects of NOS they would incorporate

• A description of the history of the biology episode they would use

• The relationship between the episode and their chosen aspects of NOS

• The tools (guides, tests, PowerPoint, etc.) that they would use to explicitly teach the

aspects of NOS

• The instrument they would use to assess their students’ NOS learning

4.6 Data Analysis

Data analysis involved creating profiles for each participant based on their understanding

of NOS, as determined by their pre- and post-intervention VNOS-D? responses. Both

participants’ profiles (pre and post) were developed by evaluating their pre- and post-

responses as reflecting an informed, mixed, or naı̈ve understanding of the eight targeted

aspects of NOS according to a rubric developed based on previews works (e.g., Cofré et al.

2015; Akerson et al. 2000; Akerson and Donnelly 2010; Lederman et al. 2002). If a

response clearly demonstrated that a teacher’s understanding of the targeted characteristic

aligned with the recommended view of the rubric, the response was coded as ‘‘informed’’

(and scored as 2). If the response aligned with the recommended view of the rubric but was

not fully developed or described, or was simply a reiteration of a provided definition, it was

coded as ‘‘mixed’’ (scored as 1). If the response demonstrated that a teacher’s under-

standing was not aligned with the accurate position of the rubric, the response was coded as

‘‘naı̈ve’’ (scored as 0). The authors then met and discussed each score to achieve con-

sensus. In total, 87 % of the initial scores were identical, and all disagreements were

resolved in conversation (pretest). At the posttest, most of the authors’ codings were

identical (95 %).
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Table 2 Illustrative quotes of teachers’ naive or mixed pre-intervention and informed or mixed post-
intervention views on some aspects of NOS

NOS aspect Pretest (naive or mixed) Posttest (mixed or informed)

Inferential …Multiple evidence allowed scientist,
initially, raise generalities about what
dinosaurs looked like… Elizabeth
(naive)

Paleontologists are unsure of their
appearance [dinosaurs], …but evidence
generated from the fossil data allows
them to speculate about what they look
like… Elizabeth (informed)

Theory and law …Both are generated by the scientific
method and correspond to proven results.
Perhaps the main difference is that laws
are clearly defined variables, particularly
the relationships between them. While
theories, although their variables are well
defined, given the possibility that other
variables may be involved, their
consequences are not yet defined…
Martin (mixed)

…Theories correspond to a set of
hypotheses and inferences duly proven
capable of generating full scientific
knowledge. An example is the theory of
evolution. While laws are statements
about natural variables, such as Newton’s
laws of forces… Martin (informed)

Creative …I consider that creativity is present in
some moments, such as in making a
model… Lauren (mixed)

…I think in all moments of research,
scientists test their creativity and
imagination. For example, Pasteur was
creative to make the same experiment
performed by Spallanzani, and only
modifying the flask neck… Lauren
(informed)

Social and
cultural
embeddedness

…Science is universal… scientific
knowledge transcends cultural,
geographic, racial barriers… Frances
(naive)

Science reflects social and cultural values
because the way in which scientists
perform, interpret and use it is influenced
by the context in which it develops. For
example, the western and eastern
cultures are diametrically opposed, and
therefore naturalistic, holistic medicine is
valued differently in Chile and in
China… Frances (informed)

Myth of SM …Science is a discipline that seeks
knowledge through a universal
methodology to check and verify, then
share it so it can be applied by others…
Elizabeth (naive)

…Science is a discipline that seeks to
generate knowledge from various
methodologies based on observation and
inquiry… Elizabeth (informed)

Empirical Science studies the phenomena that occur
in nature… Albert (mixed)

Science is different from art or religion
because science studies nature through
the collection of empirical, measurable
and verifiable data… Albert (informed)

Tentative Science is constantly changing and
knowledge acquired 10 years ago can
vary… Martin (mixed)

Scientific knowledge is always perfectible
so clearly can change over time.
Consider that it is subject to influence of
technological tools and the subjective
analysis of data from scientist… Martin
(informed)

J. M. Pavez et al.

123

Author's personal copy



The analysis of the written test included only the question about the teachers’ opinions

of the role of the activities. Based on this analysis, we identified three main categories: (1)

type of activity preferred, (2) characteristics of the activity, and (3) effect of the activity.

The last phase of data analysis focused on the instruction plans generated by all teachers

following the suggestions of the NOS intervention. The analysis focused on: (a) the extent

to which teachers were successful in articulating NOS-related learning goals in their plans;

(b) the manner in which teachers planned to address these outcomes including HOS

activities; and (c) the ways in which teachers planned to assess students’ NOS under-

standing. To analyze the lesson plans, we created a rubric that followed the codes used by

Wahbeh and Abd-El-Khalick (2014), using the following three categories: Challenge

refers to any instance in which a teacher faced difficulties in planning how to teach a target

NOS aspect (for example, include one activity which did not include a real explicit

treatment of the planned NOS aspect). The category titled success refers to any instance in

which a participant effectively and correctly addressed NOS instruction (for example,

include an activity in which NOS is effectively treated both explicitly and reflectively).

The third category disconnection refers to instances in which a teacher used an HOS

activity to introduce students to NOS ideas but failed to meaningfully link the historical

ideas to the target NOS aspect.

5 Results

5.1 Impact of the Intervention on Teachers’ Understanding of NOS

From the analysis of the pre-intervention VNOS-D? responses and the subsequent inter-

views, we obtained the initial profiles of teachers’ understanding of NOS. Table 2 presents

quotes from the teachers’ VNOS-D? responses that illustrate their naive or mixed views

about the eight target NOS aspects at the beginning of the study. Based on this analysis,

most of the teachers were categorized as holding a naı̈ve or mixed understanding of NOS at

the pretest (Table 3). The aspects about which many participants exhibited a naive view of

NOS were the myth of the scientific method (MSM), the differences between theory and

law, and, to a lesser extent, the inferential and tentative aspects of NOS; no participants

demonstrated informed views in these areas. However, for creative NOS and the social and

cultural embeddedness of science, most participants demonstrated a mixed understanding

of NOS. Furthermore, before the intervention, a significant number of teachers appeared to

appreciate the role of empirical evidence in science.

Table 2 continued

NOS aspect Pretest (naive or mixed) Posttest (mixed or informed)

Subjective …Science seeks to approach the ultimate
explanations of each of the phenomena it
studies, based on objective methods,
measurable results refutable evidence
and new future history… Albert (naive)

Scientific knowledge is constantly
changing, which corresponds to a logical
progression of ideas based on the
continuous reflection of who generates
new knowledge, based on their personal
and social ideas and on new information
arising from new research that directly
influences current knowledge and
predicts future knowledge… Albert
(informed)
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At the conclusion of the intervention, seven teachers demonstrated enhanced NOS

understanding and the number of teachers who held informed views increased for all of

aspects (Table 3). Analyzing all aspects of NOS for all participants showed that a total of 53

pretest views were categorized as naive or mixed, but that 34 of these moved up one or two

categories to be categorized as mixed or informed at the posttest. It may be added that seven

of the eight biology teachers showed improvement in at least three of the studied aspects of

NOS. In the summaries of each NOS aspect, it appears that the greatest improvement was

found for creative NOS, for which six participants improved their understanding, whereas

the aspect that showed the least improvement was tentative NOS, for which only three

participants changed from mixed to informed views at posttest. Table 2 presents some of

the participants’ illustrative post-intervention VNOS-D? responses.

5.2 Teachers’ Perceptions About the Role of HOS in Changing Their
Understanding of NOS

According to teachers’ responses, three of them preferred decontextualized activities, two

teachers preferred HOS activities, and three found both decontextualized and contextual-

ized (HOS) activities to be useful (Table 4). The decontextualized activities were preferred

because they were ‘‘motivating and entertaining’’, and the HOS activities were preferred

because ‘‘they permit [teaching] both content and historical issues’’. Moreover, in the four

posttest interviews, two teachers recognized HOS activities as being directly responsible

for their improved NOS understanding. When we asked one of the teachers (Elizabeth),

What was your most significant experience related to learning NOS in the first two mod-

ules? Please explain why, she said:

…I think all of the lessons, but when we listened to the history of AIDS, that was very interesting.
Finally the teacher [in this case, the research instructor] is making students enjoy the course; you are
told something interesting, and, even if you do not like science, everyone likes to listen to stories, it’s
very interesting, and you can capture the attention of all students because all people always want to
know how things happened (Elizabeth)

More specifically, regarding the change in her understanding about the theories and laws of

NOS, the same teacher said:

I read the Lederman chapter, and you can see clearly the difference between theory and law, and in
the lesson when we made the comparison between the chromosome theory and the laws of Mendel,
the difference was also obvious (Elizabeth)

Table 3 Number of participants who had naı̈ve, transitional or informed NOS profiles for each aspect of
NOS at pre- and posttest

NOS aspect Naive Mixed Informed

Pretest Posttest Pretest Posttest Pretest Posttest

Empirical 0 0 4 1 4 7

Inferential 1 1 7 3 0 4

Theories and laws 4 0 4 6 0 2

Creative 1 0 6 1 1 7

Social and cultural 2 0 3 1 3 7

Myth of SM 6 1 1 2 1 5

Tentative 0 0 8 5 0 3

Subjective 0 0 4 2 4 6
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Another participant acknowledged HOS as being primarily responsible for his changed

view regarding creativity:

…However, mostly emphasizing the investigations that we read, such as sickle-cell anemia and the
other diseases, when we read where they [the scientists] had done research and when we could see the
creativity and flexibility of research in this investigation, these activities were the most significant
(Lauren)

An interesting result was that the four teachers interviewed at the end of the intervention

reported having recognized other aspects of NOS that had not been deliberately included in

planning the HOS activities (see Table 1). For example, the four teachers were able to

recognize two extra NOS aspects, the sociocultural influences on science and the difference

between observation and inference, in the lesson on sickle-cell anemia. They also

associated the NOS aspect of subjectivity in science with the lesson on the discovery of

AIDS, something that had not been pre-planned. In the lesson on deaths from puerperal

fever in the Vienna Lying-In hospital, the teachers identified three additional NOS aspects

to this historical event: tentativeness, creativity, and empirical-based. Finally, in the lesson

on the chromosome theory of heredity, the teachers associated with this episode a total of

three extra aspects of NOS: the tentativeness, the empirical character, and observation and

inference. Following are some illustrative quotes about these results:

Science is what the researcher sees. As in the case of AIDS, it’s not that my ideas come from
nowhere, I have a…what is it called?…I bring something even from before, and from that, I generate
ideas, and new things come to mind…(Nancy, subjectivity)

Creativity is also present, when the doctors realized that they had to change the way they handled the
material. Also to be reflective about your scientific practice, and also to see the information you
receive and the contributions of other scientists, again, it is present the tentativeness of scientific
work. (Lauren)

5.3 Teachers’ Lessons Plans Using HOS to Teach NOS

At the end of the intervention, each teacher planned lessons that aimed at incorporating

NOS through HOS. Nearly all lesson plans featured explicit learning objectives that

focused on the creative (5), inferential (4), and tentative (4) aspects of NOS. The teachers

Table 4 Biology teachers’ perceptions about the role of decontextualized (or nonintegrated) and contex-
tualized (HOS) activities in changing their NOS understanding

Teachers Type of activity Arguments

WP, MQ,
NP

Decontextualized You can include more reflection on NOS (2)
You do not need previous scientific knowledge to apply it
It is motivating (2)
You can include students’ previous ideas

EJ, EC HOS It is possible to teach NOS in a real context (2)

HA, MB, IB Both
HOS
Decontextualized

It is possible to know the historical context (2)
You can recognize the different factors that influence a scientific
investigation

It is easier to apply in a school context
You can include socio-scientific issues and scientific controversies
It is easier to include scientific concepts
Activities are simple and fun
Activities are very motivating
You can teach NOS in an explicit way
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were less successful in developing learning objectives related to the subjective (3) and

empirical aspects of NOS (2), as well as the social and cultural embeddedness of science

(2). The myth of the scientific method (1) and the nature of theories and laws (0) were the

least used NOS aspects, although two teachers included the use and understanding of

models in science. On average, each participant incorporated three NOS aspects, a mini-

mum of two and a maximum of six. Among the historical elements proposed by the

participating teachers in their planning were: theory development (evolution, spontaneous

generation), scientific discoveries (Down syndrome, hormones, penicillin and Chagas

disease), biographies (Alexander Fleming) and the development of a scientific discipline

(endocrinology).

In relation to the efficiency with which teachers developed their lesson planning, the

findings showed that six participants successfully (success category) proposed historical

episodes for teaching NOS, and two plans were classified as challenges regarding the

aspect of outcomes. For example, one of the teachers (Nancy) proposed explicitly to work

two aspects of NOS (creativity and inference) on the topic of sensory organs. However, she

did not include any explicit historical aspect, but proposed that students would create a

model of the inner ear. On the other hand, one of the teachers (Albert) who successfully

included an historical episode, suggested working on the socio-cultural aspect of nature of

science by reviewing historical and social aspects of Chagas disease, an endemic disease in

South America for which no vaccine has been developed to date.

With respect to the activities, two teachers successfully proposed HOS activities that

could be used to explicitly teach NOS. However, six of the teachers proposed HOS

activities but failed to meaningfully link the historical episodes to the target NOS aspects.

For example, one of the teachers (Anthony) explicitly proposed to work three aspects of

NOS (tentativeness, the socio-cultural context and creativity) in his lesson, through the

review of different evolutionary theories proposed at different times. However, the pro-

posed activity for the students was to make a timeline describing each of these theories,

therefore aspects of NOS were not addressed in an explicit and reflective way.

Finally, five teachers failed to suggest any instrument for assessing NOS aspects

(challenge). All of them included an instrument for assessing the content but did not

include any activity for assessing the NOS aspect targeted in his/her lesson. However, three

participants were successful in this regard. One of them (Martin), who in his lesson plan

proposed to work on the discovery of insulin and adrenaline to reflect on the tentative

aspect of scientific knowledge and the myth of the scientific method, aimed to assess

students’ understanding about the myth of the scientific method through the critical

evaluation of an extract from the biology textbook used by students, in which it was

suggested that all hormones had been discovered following the same step-by-step scientific

method.

6 Discussion and Conclusions

6.1 Impact of the Intervention on Teachers’ Understanding of NOS

Consistent with previous studies on science teachers’ views of NOS, most of the in-service

biology teachers held a naı̈ve understanding of many of the investigated aspects of NOS at

the beginning of the intervention (e.g., Akerson and Hanuscin 2007; Akerson et al. 2000;

McDonald 2010; Lederman et al. 2012; Wahbeh and Abd-El-Khalick 2014). These results
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can be explained based on the poor NOS training received by teachers in science teacher

education programs in Chile. In the present study, teachers began the intervention with

mostly naı̈ve understandings of the NOS aspects related to the difference between theory

and law, the Myth of Scientific Method and the difference between observation and

inference. In contrast, and similar to some of the literature findings (e.g., Morrison et al.

2009; Lederman et al. 2012; Wahbeh and Abd-El-Khalick 2014), in this study, biology

teachers were initially better informed about the empirical and creative aspects of NOS.

However, some of our results were not consistent with the current literature, suggesting

that teachers’ views about other aspects of NOS such as tentativeness, subjectivity or

sociocultural embeddedness are more complex to understand.

This work also aimed to describe the changes in teachers’ understanding of NOS after

the intervention. In this study, improvement was observed for all of the analyzed aspects.

The NOS aspect that showed the most improvement among participants was creativity in

scientific work, which was addressed in five activities, two of which included HOS. On the

other hand, the aspect that showed the least improvement was tentativeness; the teachers

failed to identify the causes for the changes in scientific knowledge. Importantly, this

aspect was addressed only in one lesson that included only one decontextualized activity.

Therefore, our empirical evidence suggests there could be a positive relationship between

the number of activities dedicated to work a specific aspect of NOS and the efficiency with

which teachers’ understanding of this aspect improves.

Another contribution of this work is the evidence that the instructional environment is

complicated as teachers recognized additional NOS aspects within the different lessons and

activities. As such, an activity that was planned to develop creative and empirical NOS

could also improve participants’ understanding of tentativeness. This finding could be

empirical evidence in support of the claim that aspects of NOS could be interrelated and

overlap (Osborne et al. 2003; Seung et al. 2009; Ozgelen et al. 2012). For example, the

work of Ozgelen et al. (2012) showed that elementary pre-service teachers formed con-

nections among different aspects of NOS. In the same vein, lessons that incorporate HOS

could be seen as enriched scenarios that foster understanding of various aspects of NOS,

even when they are not planned. Thus, activities with historical context (HOS) had par-

ticular relevance because these can incorporate aspects such as the sociocultural depen-

dence of scientific work, the relationships within scientific communities, the subjectivity of

scientific research and the difference between theory and law more easily than decon-

textualized activities (Kampourakis and McComas 2010; Kampourakis and Gripiotis 2015;

McComas and Kampourakis 2015).

In summary, these results seem to support the idea that a mixed model that includes not

only decontextualized, but also contextualized (HOS) activities is effective in improving

the understanding of NOS (Morrison et al. 2009; Scharmann et al. 2005; Smith and

Scharmann 2008; Seung et al. 2009; Clough 2006). This mixed model of work, focused on

participant’s understanding of NOS, may be supported by readings about NOS obtained

from the literature in science education, which are often ignored by in-service science

teachers, due to the lack of training in NOS and HOS at preservice science teacher

programs (Cofré et al. 2010, 2015).

6.2 Teachers’ Perceptions of the Role of HOS in Changing Their
Understanding of NOS

Another objective of this study was to determine teachers’ perceptions of the importance of

HOS as a strategy for improving their learning of NOS. The results suggest that
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contextualized NOS learning activities (HOS) are as important to teachers as decontex-

tualized activities. According to Clough (2006) teachers and students enjoy decontextu-

alized activities because of the curiosity and challenge they encompass, whereas

contextualized activities are useful for showing the human aspects of science.

In this study, two of the teachers interviewed at the end of the intervention acknowl-

edged HOS as being responsible for their improved understanding of NOS, and they even

cited examples during the interviews, similar to what has been observed in other studies

(Lin and Chen 2002). Similar findings were also observed in a study in which researchers

asked primary, high school and student teachers about the role of HOS in science

instruction. According to the study, these teachers also valued incorporating HOS as a

strategy that improves the understanding of the nature of scientific knowledge, the role of

science in society, and the human aspect of science, among other areas (Wang and Cox-

Petersen 2002). In another study, teachers also valued the inclusion of HOS in science

education as an element that allowed them to humanize science; visualize the relationships

between social factors, political power, and scientific activity; and understand that scien-

tists work in communities (Wang and Marsh 2002), all of which directly relate to

understanding NOS.

6.3 Teachers’ Lessons Plans on Using HOS to Teach NOS

The ultimate goal of this research was to describe how teachers incorporated HOS into

their lesson plans for teaching NOS. Although teachers were successful in proposing

learning objectives and in incorporating different NOS aspects and HOS episodes, diffi-

culties were observed in their ability to generate coherent activities that related HOS with

NOS and also to propose how to assess students’ NOS understanding. That is, although the

teachers had improved their understanding of various aspects of NOS, and although they

had already developed a number of instructional strategies for teaching NOS (including

HOS), most of them found NOS lesson planning on using HOS a challenging task. These

results are consistent with findings from the international literature (e.g., Bell et al. 2000;

Herman et al. 2013; Wahbeh and Abd-El-Khalick 2014; Henke and Höttecke 2015).

Regarding the NOS aspects that were planned by the teachers, this research coincides

with the recent work of Wahbeh and Abd-El-Khalick (2014), who showed that the NOS

aspects that were least frequently incorporated into the lesson plans of 19 secondary

teachers in Palestine were the MSM and the nature of theories and laws. Other NOS

aspects that were incorporated less frequently into the lesson plans in this research were the

empirical and sociocultural aspects. These results support the suggestion that under-

standing is a necessary but not sufficient condition for a science teacher to teach NOS

(Abd-El-Khalick 2005; Clough 2006; Herman et al. 2013; Lederman et al. 2012; Wahbeh

and Abd-El-Khalick 2014). It is important to note that in our research, subjectivity,

empirical NOS, and the difference between theory and law were also among the least

understood aspects of NOS at the beginning of the intervention and for which minor

improvement was detected at the end. In addition, two more aspects incorporated into the

planning (creativity and inference) were also the most frequently taught in our intervention

without any HOS-based intervention. However, the third aspect incorporated, which was

the tentativeness, only worked in one of the activities. According to these findings, further

research should be conducted on the relationship between understanding specific aspects of

NOS, the aspect of NOS target in each lesson, and how efficiently they are incorporated

into teachers’ lesson plans.
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6.4 Limitations

Some of the limitations of this study were associated with the nature of the intervention

that was included in the professional development program. Although the study possessed

highly effective components such as a long duration (Lederman et al. 2012), the analysis

only included teachers during their work at the university. The teachers were not observed

in their classrooms, and thus, it is not known how they would actually apply their NOS

lesson plans in their classes with their students; these data could have enriched the

information we collected. We also cannot say whether incorporating HOS as a strategy was

more effective compared to decontextualized activities or readings, because HOS was part

of a whole intervention that incorporated different approaches. Nevertheless, our results are

in agreement with results from recent literature suggesting that explicit, reflective HOS

interventions have a positive effect on students’ and teachers’ views on NOS (Rudge et al.

2014; Paraskevopoulou and Koliopoulos 2010; Kim and Irving 2009). Finally, the small

sample size included in this research is also a limitation, therefore our results are not

generalizable and we have tried to be cautious in our conclusions.

6.5 Implications and Avenues for Future Research

This study gave us some specific insights about science teacher development programs in

Chile. As discussed in the literature, in order to enhance our students’ views on NOS, it is

necessary for science teachers not only to have informed views on NOS but also to know

how to use historical events to illustrate different aspects of NOS (Abd-El-Khalick and

Lederman 2000). It has also been argued that merely exposing teachers to HOS and

historical materials increases the likelihood that they will teach HOS (Lin and Chen 2002).

Both HOS and NOS courses in professional development programs could improve

teachers’ understanding of NOS in addition to providing examples that could affect their

future NOS teaching practices (Abd-El-Khalick and Lederman 2000). Furthermore, this

research introduces the need not only to improve teachers’ views of NOS but also to

incorporate NOS teaching in training programs. The results of this study show that even

though teachers’ views on NOS improved, in general, they were not able to appropriately

apply this knowledge in their lesson plans (Lederman et al. 2012; Clough 2006).

Future research should confirm these results in new contexts because these results are

limited to the participants and the context in which this research was conducted. Future

studies should also focus on isolating the factors that influence the construction of teachers’

views of NOS (e.g., during monitoring groups, different trainings with different strategies

[decontextualized, HOS, inquiry lab,], etc.) and should track in the teachers’ classrooms

their NOS views that are transmitted implicitly in addition to how they explicitly teach this

content.

7 Conclusions

The present study documents how a group of in-service biology teachers changed their

understanding of a number of aspects of NOS after an intervention of three lessons that

used HOS to teach NOS in addition to a number of decontextualized activities. Most

teachers valued the HOS activities because they allowed them to understand the context in

which scientific research is conducted and because they thought that HOS activities were
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easier to incorporate into the school science curriculum. However, most of the teachers

faced great challenges in planning NOS lessons that incorporated HOS, especially with the

most complex aspects of NOS. Further research is required to establish the causal rela-

tionship between teachers’ understanding of NOS and their pedagogical NOS content

knowledge.
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