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1 Introduction 

There is currently a consensus that to obtain scientific literacy, the main objective of 

science education, science teachers have to teach not only scientific content but also 

how this scientific knowledge is created, and how this can impact society (Osborne et 

al. 2003, Lederman and Lederman 2014). This curricular issue, in which students learn 

how scientific knowledge is generated and tested and how scientists do what they do, is 

called the Nature of Science (NOS thereafter) (Lederman and Lederman 2014, 

McComas and Kampourakis 2015). In this context, the history of science (HS 

thereafter) can play a very relevant role because it is a bridge between the subject matter 

that a science teacher must teach and the scientific, social and cultural context in which 

this knowledge is elaborated (Abd-El-Khalick and Lederman 2000, Allchin 2012, 

Rudge and Howe 2009, McComas 2013). For example, historical episodes of 

controversy in the sciences can provide a social context that can help students 

understand how discoveries and scientific theories emerged, and can also be a useful 

tool to develop students’ argumentation skills (Clary and Wandersee 2013).  

In this context, the aim of this chapter is twofold. First, we will discuss, in general 

terms, the role of HS in the context of international works, assessing how much 

scientific evidence supports some claims about the benefits and efficiency of using 

different models for teaching NOS or subject matter. Secondly, we will show some 

empirical evidence about our research using HS to teach NOS to students and biology 

teachers, including lesson materials and activities that could be useful for in-service and 

pre-service science teachers.   

2 The role of the History of Science in science education 

For a long time HS has been proposed as an important issue to incorporate into 

science classes, both for teaching content and understanding how this knowledge is 

generated (Wang and Marsh 2002, McComas 2013). For example, some scholars argue 

that reflection on the evolution of scientific thought, fostered by HS, can help students 

to achieve critical thinking. It is also mentioned that science teaching, incorporating 

elements of HS, can promote student motivation for learning and reflection on science 

(McComas 2013). For Alvarez (2006), the interest in the teaching of HS is twofold: it 

helps with understanding science concepts that are difficult to learn, and it acts on the 

representations of science that students hold (nature of science). On the other hand, 

Chang (2010) also states that HS, and specifically historical experiments, can be used to 

encourage students questioning about nature, and therefore, including an additional 

element of motivation in the lesson. For Izquierdo et al. (2007), HS can be used to 
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model and understand scientific concepts. According to Allchin (2012), scientific errors 

may also be useful to guide a more effective teaching and a deeper understanding of the 

content. HS may also be useful for students to become aware of their conceptual 

obstacles and for teachers to identify and direct their actions towards the reorganization 

of students’ thinking (Monk and Osborne 1997). Some authors suggest that there is a 

parallel between the conceptions of students and the conceptions that scientists have 

held throughout history (Galili and Hazan 2001). In this sense, scientific errors can be 

very useful for understand students’ misconceptions (Allchin 2012). Monk and Osborne 

(1997), argue that the study of scientific ideas in their original contexts helps pupils 

understand why their thinking may be parallel to a scientist or are similar to ideas they 

present because of the opposing historical knowledge. Finally, HS has also been widely 

proposed and used to improve understanding of NOS, both by students and teachers 

(Clary and Wandersee 2013, Allchin 2012, McComas 2013, McComas and 

Kampourakis 2015, Pavez et al. 2016). 

3 Teaching NOS and subject matter through HS: looking for empirical evidence 

Recently, science educators have recognized different ways of including HS to teach 

science and NOS: the use of original papers, case studies on controversies, biographies 

and autobiographies, HS in textbooks, dramatic performances, activities, role-play and 

replication of classic experiments (Clary and Wandersee 2013, McComas 2013). 

Moreover, scholars have also proposed different teaching strategies or models to 

incorporate HS, with Monk and Osborne (1997) and Rudge and Howe (2009) being the 

most widely used (see Pavez et al. 2016 for a review). 

There are multiple interventions that have been made to promote understanding of 

NOS through HS (Niaz 2007, Kim and Irving 2010, Paraskevopoulou and Koliopoulos 

2010, Pavez et al. 2016, Williams and Rudge 2016). Table 5-1 shows some of these 

studies and their main results. Such interventions exhibit a variety of approaches, 

strategies and implemented activities, as well as a diversity in selected historical 

elements. For example, the use of scientific disputes appears to be a contribution to the 

construction of an informed view of NOS. Using the dispute between Millikan and 

Ehrenhaft about the existence of an elementary electric charge for teaching of NOS, 

Paraskevopoulou and Koliopoulos (2010) concluded that this teaching strategy served to 

improve high school students’ understanding of five NOS aspects (the empirical, 

subjective and creative nature of science and the differences between observation and 

inference).  

Author / Year Characteristics of the intervention  Activities Effect 

Solomon et al. 
(1992) 

8 sessions, 94 high school students in a course 

of scientific content. HOS was used including 
an historical discovery. 

Practical research laboratories, 

lectures, exhibition posters, 

modeling, cartoons, role playing, 

text analysis. 

Qualitative and quantitative data 

show that the HOS contributed 

to the student understanding of 

the NOS. 

Abd-El-Khalick 
& Lederman 
(2000) 

Three HOS courses lasted ten weeks. 50 to 80 

minute sessions each week. 166 

undergraduate and graduate students and 15 

pre-service secondary science teachers. HOS 
was used including scientific controversies. 

Mainly implicit approach, with 

some explicit references, 

discussion-oriented and lecture-

oriented courses; content-

embedded activities and generic 

activities, mostly of the “black-

box” variety. 

Very few and limited changes in 

participants' NOS views were 

evident at the conclusion of the 

courses. 

Lin & Chen 
(2002) 

One semester, 63 chemistry pre-service 

teachers. Course of methods of teaching 

chemistry and the current development of 

science education. HOS was used including 

debates and original discussions. 

Discussion groups, debates, 

demonstrations, projects, 
experiments. 

Positive, the experimental group 

showed a better progression in 
several aspects. 

Dass (2005) One course for four semesters (15 weeks 

each). 52 students.  HOS was used including 

review of the history of science since antiquity 

Debate and discussion of 

historical events class to class, 

according to the textbook 

chapter. Assay construction. 

Minimum improvement in 

students about  NOSE 
understanding  
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until the mid-twentieth century. Final exam. 

 Howe & Rudge 
(2005) 

One unit at the end of the course, eight lessons 

of two and a half hour. 24 elementary 

educator students.  HOS was used including 
the development of the research.  

Explicit and reflective approach, 

constructivist approaches, 

groups work, discussion, 
analysis of real data. 

Explicit and reflective methods 

can positively affect (change or 

enrich) students’ NOS views for 
some of the aspects addressed. 

Niaz (2007) 11 weeks (62 hrs.) in a chemistry method 

course. 17 in service teachers’ methodological 

course. HOS was used including scientific 
controversy.  

Written reports, class 

discussions based on student 

presentations, written exams. 

The use of several controversial 

episodes is directly related to 

the improved understanding of 
NOS of teachers. 

Kim & Irving 
(2010) 

7 activities in a biology high school course. 33 

students of 10th grade.  HOS was used 

including the development of a theory (theory 
of heredity). 

Reflections, discussions and 

learning groups. Activities 

include explicit questions related 
to the NOS. 

The tests show that the 

experimental group showed a 

greater understanding of NOS 
after intervention 

Paraskevopoulou 
& Koliopoulos 
(2010) 

6 units of instruction in a physic course. 24 

students of 10th grade high school (15/16 

years). HOS was used including scientific 
controversy.  

HOS (4 small stories followed of 

questions that focus students on 

the NOS aspect of this story). 

There were improvements into 

view of the participants in the 5 

aspects of NOS worked. 

Forato et al. 
(2012) 

20 hours of lessons (two hours daily for two 

weeks) in an experimental course on the 

history of optics. 38 high school students.  

HOS was used including scientific 
controversy. 

Using a reflexive, explicit and 

implicit approach NOS. Games, 
guides, discussions and debates. 

Evidence positive change 

around the NOS in some 

aspects (Only description data 

not shown). 

Rudge et al. 
(2016) 

 

3 days of an introductory biology course. 130 

students in Elementary School Teachers (pre-

service).  HOS was used including the 

development of research (industrial 
melanism). 

Guided discussions, individual 

and group work, review of a film 

("Evolution in Progress"). 

There are significant 

improvements in some aspects 

of NOS. 

Kampourakis & 
Gripiotis (2015) 

Five lessons, 45 minutes each. Fifty 17-year-

old students.  HOS was used including short 

stories about the social, cultural and scientific 

factors that influenced the development of 

Darwin's theory. 

Historical case study, 

presentations of the historical 

events, analysis and discussion 
of original writings. 

It is concluded that this kind of 

highly contextualized nature of 

science instruction can provide 

students with a more authentic 

view of science. 

Pavez et al. 
(2016) 

Three sessions of two hours in a professional 

development program about NOS and 

teaching Evolution. 8 biology teachers.  HOS 

was used including 3 historical episodes of 
research in biology.  

They used an integrated 

biological explicit content 

reflective approach. Activities 

for discussion, debate and 

reflection. Planning a class that 
included NOS through HOS. 

significant improvements were 

found in understanding of 8 
aspects of NOS  

Williams & 
Rudge (2016) 

One unit. Three 2.5-hours lessons in an 

introductory biology course for pre-service 

elementary teachers. 11 teachers between 18 

and 26 years old.  HOS was used including the 
history of Mendel classic work.   

Explicit and thoughtful 

approach, lecture-format lab 

course, mini-lectures, work in 

small groups, discussion 

questions and research ''silver 

box” activity. 

The data collected indicate that 

students showed improvements 

related observations, inferences 

and the influence of culture on 
science. 

Table 5-1. Summary of empirical research about the role of History of Science on the learning 
about nature of science. 

In another experience with secondary students, Kim and Irving (2010) used the 

development of the theory of heredity to illustrate the differences between theories and 

scientific laws, the nature of the experiments and observations, and the tentativeness and 

social effect of science. Through reflections and group discussions, guided by questions 

that explicitly directed attention to the aspects of NOS mentioned, the experimental 

group showed a better understanding of NOS than participants in the control group at 

the end of the study. Furthermore, these authors note that using classroom time for HS 

was not a waste of time but was valuable for providing students with insights into how 

science works while maintaining significant achievement in the science content area. 

On this last issue, there is little effort to explore the effectiveness of HS on students’ 

learning of content knowledge. In Table 5-2, we can see that there is some evidence that 

HS can improve problem-solving abilities in chemistry (Lin et al. 2002) or promote the 

students’ attitudes toward science (Lin et al. 2010). However, it is also evidence that 

lessons including HS do not result in better outcomes than control groups (Seker and 

Welsh 2006, Kim and Irving 2010; as well as Figures 5-4 and 5-5 in this chapter). 

Therefore, further research is needed for a clearer conclusion on this issue.  
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Author & 

year 

Characteristics of 

intervention  

Learning Activities Object to include HOS Outcomes 

Tsatsarelis et 
al.  (2000) 

1 lesson, 2 pupils, 12 

year-old in year 7. 

Elementary Science 

Class. 

Narrative based on a 

metaphor, observation of 

cells under the microscope, 

elaboration of their own 

analogy and metaphor, 

historical pictures of cells, 

drawings of cells. 

To shape pupils views about the 
concept of cell. 

The rhetorical way that 

entities were constructed is 

similar for early scientists 

and young pupils. 

Dedes  & 
Ravanis 
(2009) 

Two stages, with three 

and two tasks 

respectively. Forty 

eight students from 

different schools, 12–
16 year old.  

Recreation of Kepler’s 

historic experiment, 

making predictions, 

immediate validation, 

discussions, guidance and 
interpretations. 

To investigate the effectiveness 

of a teaching conflict 

experimental procedure in the 

transition from a spontaneously 

formatted pupil’s 

representations to one 

compatible with the scientific 
view. 

The main goal was 

accomplished. The majority 

of the subjects accepted the 

model of geometrical optics.  

Serglou  et 
al. (1998) 

109 13-years old 

pupils and 148 

student- teachers 

participate in the 
questionnaire. 

Galdano and Giblert’s 

experiment, Faraday’s 

experiment, electric, 

magnetic, thermal and 
gravity experimental tasks. 

To search for pupil’s alternative 

ideas in the HOS. To overcome 

pupil’s alternative ideas by 

using early experiments carried 
out by scientist in the past. 

Most of the students-teachers 

and pupils relate electrostatic 

with magnetic phenomena, 

in the same way scientist did, 

therefore help pupils and 

teachers overcome their 

alternative ideas. 

Dibattista, & 
Morgese 
(2013) 

5 to 18 hours, 

depending on 

teacher’s unit plan. 

Twenty-four teachers 

and classes of 9 to 65 

students (10-18 years 

old), depending on the 
school.  

The fifteen teaching units 

built include various types 

of products ranging from 

written tests to scientific 

instruments built as 

models, multimedia 

products, lab activities. 

To increase students appeal of 

science; learning of science and 

to promote a more complete 

perception of science. 

According to the students’ 

responses on the 

questionnaire most 

objectives were achieved.  

Lin et al. 
(2010) 

The class met four 

periods a week and the 

experiment extended 

over a period of one-

and-a-half months.329 

students in Grade 7 

Junior high schools 
class. 

Control group was taught 

using the textbook only, 

while the experimental 

group was taught using the 

textbook plus HEM 

(Historical episodes map) 

materials and associated 
discussion. 

Understanding the effect of 

inclusion of the HOS in science 

teaching on promoting an 

understanding of the nature of 

science as well as the attitudes 

toward science. 

The findings reveal that the 

exposure of students to HEM 

materials did promote the 

students’ attitudes toward 
science. 

Lin et al. 
(2002) 

One year of teaching. 

Two classes of 8th 

graders (n = 74). 
Physics 8

th
 grade class. 

Historical-rich 

supplementary materials, 

which include simulations 

of previous scientists’ 

experiments, debates, and 

discussions of their ideas, 

demonstrations or hands-on 

activities, small group 

discussions and student 
presentations. 

To investigate the efficacy of 

promoting students’ problem-

solving ability through the 
history of science teaching. 

The experimental group 

students outperformed their 

counterparts in the chemistry 

conceptual problem- solving 

ability. 

Kim & 
Irving 
(2010) 

7 activities. 33 

students in 10
th
 grade 

high school. Science 

content course (honors 

biology). 

Reflections, discussions 

and learning groups. 

To promote genetics content 

knowledge and learning of 
nature of science. 

Experimental and control 

group shows similar genetics 
knowledge in the posttest. 

Seker & 
Welsh 
(2006) 

4 months. 91 8
th
 grade 

students randomly 

assigned to four 

classes 

Science class in an 

urban school. 

HOS cases, historical ideas 

of scientific phenomena, 

scientist’s opposite ideas, 

discussions, stories from 
famous scientists’ lives. 

To promote learning science, 

understanding the nature of 

science (NOS), and students’ 

interest in science. 

Data showed a positive 

effect, in the change of 

perceptions of the NOS, and 

of interest in science. But, 

the changes between classes 

in the Meaningful Learning 

did not show differences 

Table 5-2. Summary of investigations about the role of History of Science on other different 

aspect instead of learning of NOS, for example science learning or science attitude. 

4 Teaching NOS and evolution using the history of science 

In Chile, the understanding of NOS has been an objective in official curricula since 

the end of the last century (Ministry of Education of Chile 2014). Nevertheless, what 
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students should know about NOS or HS is not clearly explained. Furthermore, NOS and 

HS have also been included 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 HS as topics to be covered (Pavez et al. 

2016), and the Chilean government has still not made NOS or HS a priority for teacher 

professional development (Cofré et al. 2010, 2015). Therefore, it would not be 

surprising if many science teachers in Chile hold uninformed views of NOS (Cofré et al. 

2014, Pavez et al. 2016).  

In the following sections we will show some preliminary findings about using HS for 

teaching NOS and evolutionary theory. The study with in-service biology teachers used 

a pretest/posttest single-group research design to understand the impact of HS 

intervention on biology teachers’ NOS understandings. Qualitative and quantitative 

methods were used to characterize changes in teachers’ views of NOS. The study 

involving high school students used a pretest/posttest quasi-experimental design with 

one control group and two treatments using HS instruction to teach NOS and evolution.   

4.1 Teaching NOS using HS with in-service biology teachers 

From 2013 onwards, we developed research about teaching NOS and evolution to 

high school students (Cofré et al. in press) and biology teachers (Cofré et al. 2016, 

Pavez et al. 2016, Bravo and Cofré 2016). The results showed here come from an 

intervention administered within the context of a professional development program 

(PDP) about NOS and teaching evolution at a private university in Santiago, Chile. The 

PDP lasted for six months, and the participants met for five hours each Saturday 

morning between August and November 2015, and for one intensive week in January 

2016, for a total class time of 120 hours. Some of the HS activities used during the 

intervention are available in Spanish at: https://goo.gl/TWdCGX (for more detail about 

the intervention see also Pavez et al. 2016). 

The sample comprised seven secondary biology teachers (five females and two 

males) who voluntarily participated in the study. They ranged in age from 24 to 45 years 

old, and they had a wide range of teaching experience (between 1 and 18 years). At the 

beginning of the first module, the teachers completed the VNOS-D+ questionnaire (pre-

test), and then all participants were interviewed to clarify their answers (Lederman and 

Khishfe 2002). Next, the intervention was performed, which included first 

decontextualized activities and then lessons that included HS to teach NOS. At the end 

of the lessons, including decontextualized activities, each teacher individually answered 

a written test that was used to assess their views of four aspects of NOS. At the end of 

the second module, after the lessons including HS instruction, teachers again completed 

the VNOS-D+ (post-test). Then, a final semi-structured interview was conducted. Data 

analysis involved the assignation of an informed, mixed or naïve understanding of the 

eight targeted aspects of NOS according to a rubric developed based on previous works 

(Cofré et al. 2014, Pavez et al. 2016). The authors then met and discussed each score to 

achieve consensus. In total, 90% of the initial scores were identical, and all 

disagreements were resolved in conversation (pre-test). At the post-test, most of the 

authors’ coding was identical (95%). To generate a quantitative analysis in addition to 

the qualitative description of the profile of each teacher, a variable “understanding of 

NOS” was created by the sum of the values obtained for each aspect for each student. 

For the current analysis, only four aspects were studied, and due to the range of values 

for understanding NOS being between 0 and 2, the quantitative profile of each teacher 

could fluctuate between 0 and 8 points.   
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The results of the intervention are shown in Figure 5-1. After the first part of the 

intervention, based on mainly decontextualized activities, most of the teachers increased 

their NOS understanding significantly (t [6] = –3.44; p = 0.014; r = 0.66). After this part 

of the intervention, we implemented a group of lessons focused on teaching NOS using 

HS. The instruction in these lessons was conducted using mainly the model proposed by 

Rudge and Howe (2009), in which participants (in this case biology teachers) face the 

data, questions and/or the observations made by the scientist (for more details about the 

HS lessons see Pavez et al. 2016). Similar to the first part of the intervention, significant 

improvements were observed in teachers’ understanding of NOS after the HS lessons (t 

[6] = –3.0; p = 0.03; r = 0.60). On the other hand, as in our first study (Pavez et al. 

2016), most of the biology teachers participating in this new program valued the HS 

activities because they allowed them to understand the context in which scientific 

research is conducted and because HS activities were easier to incorporate into the 

school science curriculum than decontextualized ones: 

The first, the tube activity was very significant, but the activities that I really 

enjoyed were the historical ones… the VIH activity or the activity about 
chromosomal theory, everything, as a story was very enjoyable. I think that when 

you tell a history, and you stop and you ask questions to students, and they make 

predictions or propose explanations it is very exciting for them. They want to know 
what happened at the end: Am I right? What did the scientist find? I think it is 

much more dynamic… (Teacher 1)  
 

I think they are not mutually exclusive, and must be worked in a continuous way, 
first without context and then with biological context ... I think considering HS is a 

good element, especially to capture this other group of students not so interested in 

science, but who like history ... that student that may be interested in the context 
and data as the scientist lived, and indeed when one highlights the aspects of 

sociocultural science, that kind of student is put on alert ... (Teacher 2). 

 

Figure 5-1. Total NOS score for four aspects by teachers in the pre–test, middle test, and post–

test. Because only four aspects of NOS were studied, and the informed view was scored as 2, 
mixed view as 1 and naïve view as 0 the maximum value reached by one teacher is 8. 

4.2 Teaching evolution and NOS using History of Science for high school students  

In this intervention, four lessons of 90 minutes were applied in three classes of 

eleven grades by a biology teacher that finished our TDP. In this program, she knew HS 
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resources, literature about teaching NOS with HS and about teaching evolution. The 

intervention included one class as a control (n = 25) and two classes as treatments (n = 

50). The control class was exposed to four lessons about natural selection and evolution 

without any explicit instruction of NOS and without any reference to HS. The four 

lessons used in treatment classes included a first lesson about NOS (reviewing concepts 

of theory, hypothesis and law in the context of the theory of evolution by Darwin and 

Wallace); a second lesson that included the historical review of T. Dobzhansky’s 

research (see Appendix); a third lesson about the field work of Rosemary and Peter 

Grant, who collected empirical data for more than 40 years about evolution in 

Galapagos finches; and a last lesson about the historical development of the 

evolutionary hypothesis about lactose intolerance in humans.   

We used the Assessment of Contextual Reasoning about Natural Selection 

(ACORNS) instrument to assess the understanding about the natural selection 

mechanism (Nehm et al. 2012) because it is one of the most widespread questionnaires 

used in the current literature (Ha et al. 2015) and because a detailed study of validity 

and reliability had been reported (Nehm et al. 2012). From the open questionnaire 

responses, ACORNS could determine both the correct items in the answers (ten) and the 

presence of misconceptions (six). Key Concept (KC) scores for each item could range 

from 0 to 10, and alternative conception scores could range from 0 to -6. The analysis of 

the responses was conducted by two authors, and a rate of 92% consistency was 

obtained. To perform a quantitative analysis of change in students’ understanding of 

natural selection, for each question (4 in total) we counted the number of correct 

concepts and the number of preconceptions included in each answer.  

After the intervention, it was shown that HS has a different effect on the learning of 

NOS and of evolution. On one hand, we found that on average students learned 

significantly more NOS in treatment classes (t [50] = –4.11; p < 0.001; r = 0.5) than 

students in control classes without explicit NOS instruction (t [25] = –1.75; p = 0.1; r = 

0.3). Figure 5-2 shows the distribution values of NOS scores for control classes (pre and 

post) and Figure 5-3 shows the distribution values of NOS scores for treatment classes 

(pre and post).  

 

Figure 5-2.  Pre-test and post-test in class without NOS and HOS. The mean value of NOS 

score before instruction was 9,7 and after instruction was 10,3.  Because seven aspects of NOS 
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were studied, and the informed view was scored as 3, the maximum possible value by student 

was 21. 

 
Figure 5-3. Pre–test and post–test in classes with NOS and HOS. The mean value of NOS score 

before the intervention was 9, 8 and after the intervention was 11, 1.  Because we studied seven 
aspects of NOS and the informed view was scored as 3 the maximum score was 21 points. 

On the other hand, in relation to the learning of evolution (specifically about the 

natural selection mechanism), the data showed that there is no significant difference 

between treatments (t [43] = –10.91; p < 0.001; r = 0.74) and the control (t [19] = –5.55; 

p < 0.001; r = 0.63). Figure 5-4 show that students in the control group increased their 

knowledge about natural selection, in a very similar way to the students in the treatment 

classes (Figure 5-5). Therefore, the effect of including NOS and HS was not statistically 

significant. It is important to highlight that the control treatment was not a didactic or 

traditional instruction but was a student-centered instruction without any explicit 

references to the nature of science and the history of science. 

 

Figure 5-4. Histograms of ACORN score of students’ responses in the pre–test and post–test in 
class without NOS and HOS. The mean value of ACORN score before instruction was -2,8 and 

after instruction was 5,6. 
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Figure 5-5. Histograms of ACORN score of students’ responses in the pre–test and post–test in 

class with NOS and HOS. The mean value of ACORN score before instruction was -3,3 and 

after instruction was 7,4. 

5 Some examples of lessons using HS for teaching NOS and biology 

In the following activities, the history of science was utilized as an instructional 

intervention to promote both NOS and scientific content knowledge. The activities are 

based on the proposed models of Rudge and Howe (2009), and Paraskevopoulou and 

Koliopoulos (2010). The first activities were used to teach NOS in the study with in-

service biology teachers, and the second was used to teach evolution and NOS in high 

school students. 

5.1 Teaching Cellular Theory and the Nature of Science 

The session: “The Untold Story of the Cell Theory”, was based on the articles “The 

invention of the cell” (Vial 1999) and “The history of science in teaching the cell”, 

(Carrillo et al. 2011). The first is a detailed account of the events in the laboratory of 

Johannes Müller in Berlin during the second half of the 1830s, when Theodor Schwann 

and Matthias Schleiden agreed to work together, compare notes and determine patterns 

in the microscopic organization of plant and animal tissues (see also: 

https://goo.gl/TWdCGX). Comments on the cell reproduction of Rudolf Virchow, 

another pupil of Müller, are also described. The author emphasizes the series of errors 

and random events that gave rise to what we now know as the statements of the cell 

theory. The second paper introduces the story of Vial (1999) and ends with the 

discoveries of the twentieth century that allowed shaping a more complex model cell. 

The aim of the activity knows biographical aspects about the origin of the cell theory, to 

discuss the effect of incorporating elements of HS in teaching biology.  

The emphasized aspects of NOS were the subjectivity, the distinction between theory 

and law, and how science is influenced by society and culture. In the first stage, teachers 

were presented with some background on the role of teaching HS in a biology class and 

some working modalities. Later, they were asked about their own experience as biology 

teachers, about how they had been taught cell theory and about how they teach it to their 

students. There was a consensus that everyone had learned and taught more or less the 

same: the statements of the cell theory, without any context or background that would 

allow them to give meaning to this content. They were immediately asked to read a 

passage of Vial (1999) and discuss to what extent this reading modified their perception 
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of the cell theory (see: https://goo.gl/TWdCGX) to obtain the summary of the article 

used in the activity). The specific questions in the activity were:   

1. To what extent does this reading change your perception about cell theory? 

2. A teacher believes that such information impairs the teaching of biology. Another 

teacher believes that the information could benefit it. Who agrees? Why? 

3. Review the Curriculum Learning Objectives. Which of them would be relevant 

for addressing elements of the History of Science? Why? 

Most teachers answered that they had changed their perception on this subject, but it 

also made them think about the ease with which they have accepted a large amount of 

biological knowledge, such as dogmas, during the training process. They were 

especially struck by the absence of intent in the investigation that led to the cell theory. 

Subsequently, they are shown the results of the implementation of a similar activity, but 

with 9th-grade students. The results of subsequent evaluations after the intervention 

showed reasonable difficulty in understanding the margins of the validity of a theory 

concerning a law and accepting that science is influenced by the socio-cultural context. 

After giving time to discuss the possible causes of such difficulties, biology teachers 

relate to whether to deliver this type of “additional content information”. After a brief 

discussion, the teachers agreed together that showing the obstacles and circumstances 

that have developed theories underlying the discipline they teach cannot be considered a 

detriment to affect the validity of the content. Based on reading Carrillo et al. (2011) 

they recognize a benefit to the extent that HS is able to approach the figure of the 

scientist to the student and unfold aspects of the construction of scientific knowledge. 

5.2 Teaching T. Dobzhansky’s contribution to evolutionary theory and NOS 

The session “Discovering evidence of evolutionary change in wild populations” was 

based on the articles “Genetics of natural populations IX. Temporal changes in the 

composition of population of Drosophila pseudoobscura” (Dobzhansky 1943) and 

“Variations in the gene arrangement in the chromosomes of Drosophila pseudoobscura” 

(Dobzhansky and Sturtevant 1938). In the lesson work was conducted on 

preconceptions associated with NOS and evolution concerning that the “theory of 

evolution only has fossil evidence” and “evolutionary theory is just what Darwin 

proposed”. Thus, students worked explicitly on NOS aspects of tentativeness and 

empirical basis. 

The lesson begins by briefly contextualizing students about the academic historical 

context in the development of synthetic theory of evolution. Based on this context, the 

activity is presented as a possible answer to the question of the existence of evolutionary 

change in natural populations. The activity consists of three parts (see appendix). In the 

first part, students observe a picture of the natural environment where Dobzhansky 

conducted his investigation. According to this observation, the students are asked to 

propose some fly adaptations. After that, information on the methods of collecting 

samples in the field by Dobzhansky is delivered. In the second part of the activity, 

students work with a second picture, which identifies the different mutants of 

chromosome 3 found by Dobzhansky. They are asked to observe and describe one of 

the mutants (Chiricahua), as the researcher did. In the third part, they are faced with 

Dobzhansky’s question in relation to the change of allele frequencies in Drosophila, and 

they worked with a third picture that included data in a table (see appendix) that 

includes the frequency of the described chromosomal mutation (Chiricahua) in the 

population. Students are asked to plot the frequency and observe the pattern to answer 

the question. 
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Finally we discussed questions with the students that led to reflection on obtaining 

empirical evidence for evolution (unlike fossils) by T. Dobzhansky and reflection on the 

contribution of this and other scientific developments to the theory of evolution.  

6 Discussion and conclusions  

In this chapter, we showed that in the current literature as well as in our own research 

there exists empirical evidence that suggests that HS serves as a rich instructional 

context for teaching different aspects of NOS (Table 5-1, Figures 5-1 and 5-3, Pavez et 

al. 2016). There is also empirical evidence that HS is more efficient when lessons are 

deeply contextualized into research-specific situations, e.g., development of inheritance 

theory (Kim and Irwin 2010), development of the synthetic theory of evolution (this 

chapter, see also Nuñez & Cofré in preparation); and when students have an opportunity 

to reflect and discuss both NOS and content within specific historical and research 

contexts.  

On the other hand, some studies reviewed here (see Table 5-2), and also our own 

data found that students in experimental groups, with HS as instructional context, did 

not demonstrate more content knowledge in the post test than in the control groups. 

However, it is important to note that the historical materials provided to the 

experimental groups neither helped nor hindered students’ content learning. Therefore, 

science teachers need to realize that using classroom time for HS is not a waste of time, 

but is valuable for providing students with an insight into how science works (NOS), 

while maintaining significant achievement in the science content area (Kim and Irwin 

2010, Nuñez and Cofré in preparation). It is also important to note that lessons in 

control groups in many investigations (Kim and Irwin 2010, this chapter, Nuñez and 

Cofré, in preparation) usually are not a didactic or traditional intervention. The control 

lessons usually have been student–centered practices including inquiry activities that 

only differ with treatment groups in the lack of explicit and reflective work with HS and 

NOS.  

In conclusion, we can state that including HS for teach NOS is an effective 

instructional context, but more research is needed to state how or to what extent HS is a 

better context for teaching subject matter in comparison with the socio scientific or 

inquiry contexts. These results are very important for the teacher development program 

and pre-service science teacher training in South America because we know that in most 

of the country teachers do not have much experience or training in the history of 

science.  
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Appendix. Student handout for the Dobzhansky NOS and evolution activity.  

 

Introduction 

 

Theodosius Dobzhansky was one of the most influential scientists in the development of the modern 

synthesis. Thanks to his work and that of other researchers, evolution was re-defined as “changes in 

the frequency of genes that occur in populations over time.” However, is there evidence of changes 
over time in the frequency of genes in natural populations? 

 

 

Activities 

 

1: Look at picture 1 (Mount San Jacinto, California) and describe the environment where Drosophila 

pseudoobscura lives and propose one adaptation of the species to this habitat.  

 

 

2: Look at chromosome 3 of Drosophila pseudoobscura in picture 2 (Plate I in Dobzhansky and 

Sturtevant 1938). As known, some flies naturally had mutated versions of this chromosome. For 
example, mutations Arrowhead, Santa Cruz and Chiricahua. Now look at Chiricahua and describe 

what is distinctive about it (take into account the inversions or deletions).  

 

 

3: When T. Dobzhansky found these different mutants in natural populations he wondered, Will the 

proportion of mutant flies within populations change over time? In Table 1 you can find the gene 

frequency data obtained by Dobzhansky, for Chiricahua mutant. Now, make a graph with these data 

and then answer Dobzhansky’s question. 

 

 

 

Table 1. Monthly data during four years of the frequencies of Chiricahua gene arrangements in the 

third chromosome in the populations of Andreas Canyon (Modified from Dobzhansky 1943). 

 

 

Years 
Months/ 

day 
Freq. n   

Year

s 

 Months/ 

day 
Freq. n   

Year

s 

Months / 

day 
Freq. n 

1939 apr-24 6,6 106   1940 apr-20 26,0 100   1941 oct-04 15,4 26 

1939 may-13 11,3 62   1940 may-19 28,3 60   1941 nov-08 11,0 100 

1939 jun-04 36,8 38   1940 oct-19 6,0 100   1941 dec-6 15,0 100 

1939 sep-21 20,6 102   1940 nov-20 9,1 37   1942 jan-11 0,6 146 

1939 oct-28 10,8 102   1940 dec-31 6,2 32   1942 feb-02 15,0 100 

1939 dec-9 19,2 104   1941 feb-10 13,8 93   1942 mar-14 6,8 44 

1940 jan-13 14,4 104   1941 mar-08 14,0 114   1942 apr-2 9,6 104 

1940 feb-10 6,1 114   1941 apr-19 12,0 100   1942 may-02 20,7 116 

1940 mar-28 12 126   1941 sep-06 14,8 122   1942 jun-12 38,5 104 

 
 

 

 

 

 

 
 

 

 

 

 

Figure 1. Graph template of the frequencies of Chiricahua gene arrangements in the populations of 
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Andreas Canyon. 

 

 

 

 

 

 

4: According to the graph, Do you think that it is possible to say that there is empirical evidence for 

evolution in natural populations? Explain.  

 

 

5: Read the following statement and explain whether you agree with it or not, basing your answer with 

what worked in today's session. “The theory of evolution, proposed by Darwin over 100 years ago, 

has remained as a knowledge unchanged until today”. 

 

 

 

 

6: If due to the current climate warming, the summer temperature in the 40s in Andreas Canyon 

currently can be observed all year round. Explain, by the mechanism of natural selection, how this 

new selection pressure could result in a new subspecies of D. pseudoobscura. 

 


