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Helping students develop informed conceptions of 

nature of science (NOS): A ubiquitous, long-
standing, consistent, and central goal for precollege 
science education reform efforts in the US and 
around the globe past and present
(e.g., AAAS, 1971, 1990; Curriculum Council [Western Australia], 
1998; Millar & Osborne, 1998; Ministry of Education [Venezuela], 
1990; Ministry of Education [Taiwan], 1999; Ministry of National 
Education [Turkey], 2000; NRC, 1996, 2000; Next Generation Science  
Standards, ~2012; NSTA, 1982; Pan-Canadian Science Project, 1997; 
Rutherford, 1964; Wilson, 1954)

Ubiquity and longevity of NOS




Research consistently indicates that the larger 

majority of precollege students and science teachers 
continue to ascribe to naïve NOS conceptions

 Findings consistent irrespective of how NOS is 
conceptualized and assessed at the time specific 
research studies were undertaken
(e.g., Abd-El-Khalick & Lederman, 2000; Carey & Stauss, 1968 ; Dogan 
& Abd-El-Khalick 2008; Lederman, 1992, 2007; Kang, Scharmann, & 
Noh 2005; Kimball, 1967-68; Rubba & Anderson 1978; Trent, 1965)

An elusive goal




During the past 85 years, historians of science and 

science educators have repeatedly and consistently 
argued that history of science (HOS) can play a 
significant role in helping precollege students and 
science teachers develop informed NOS conceptions
(Conant, 1947; Brush, 1989; Duschl, 1990; Haywood, 1927; Klopfer & 
Watson, 1957; Matthews, 1994; Monk & Osborne, 1997; O’Brien & 
Korth, 1991; Robinson, 1969; Rutherford, 1964; Scheffler, 1973; 
Wandersee, 1992)

Using history to teach about NOS




Should HOS be used to impact learners’ 

understandings of NOS?
 HOS is the ‘stuff’ of NOS
Without HOS, teaching about NOS could be 

reduced into a set of de-contextualized platitudes
Can HOS impact learners’ understandings of 

NOS?
 Graduate students in HOS surely would develop 

sophisticated understandings of NOS

What not to ask




Whether and how HOS can be used in the context of 

the realities of precollege science classrooms and/or 
science teacher education programs to impact 
learners’ conceptions of NOS?
 Highly regulated teacher education programs with 

overly extended agendas
 Increasingly test-burdened precollege science 

classrooms with high-stakes consequences (e.g., 
NCLB, Race to the Top)

What to ask




How much HOS is enough in terms of developing 

science teachers’ understandings of NOS? Or 
enabling them to teach with and about NOS in their 
classrooms?

How can we optimize the impact of HOS courses on 
teachers’ understandings and teaching related to 
NOS?

What pedagogical approach(es) are likely to 
optimize the impact of HOS on helping precollege 
students develop informed or more sophisticated 
understandings of NOS? 

What to ask




 Even though they date back to the mid 1950s, as late 

as 2000, no systematic empirical studies in science 
education examined the much-advocated and 
assumed influence of college level HOS courses on 
college students’ and science teachers’ NOS views

 The assumed impact was very limited and mediated 
by a set of instructional factors
(Abd-El-Khalick, 1998; Abd-El-Khalick & Lederman, 2000)

E.g., Impact of HOS courses




 The label “explicit” does not to refer to any variety of 

direct or didactic instruction; has no instructional 
implications

 “Explicit” has curricular implications: Inclusion of 
specific NOS learning outcomes in any instructional 
sequence aimed at developing NOS understandings
 The goal of enhancing learners’ conceptions of NOS 

“should be planned for instead of being anticipated as a side 
effect or secondary product of” engagement with science 
learning (Akindehin, 1988, p. 73) 

Explicit-reflective NOS instruction




 “Reflective” has instructional implications
 Inclusion of structured opportunities to help learners 

examine their science learning experiences from 
within an epistemological framework

 E.g., reflection on questions about the development 
and validation, as well as the characteristics of, 
scientific knowledge

Explicit-reflective NOS instruction




 The inclusion of specific NOS learning outcomes in 

curriculum and instructional materials does not 
entail a specific instructional approach

Approach depends on the outcomes; learner abilities, 
characteristics, aptitudes, and skills; available 
resources; etc.

 Strong preference for active, student-centered, 
collaborative, and inquiry-oriented approaches

Explicit-reflective NOS instruction




 Interventions that draw on, and/or are embedded 

within
 Rich historical case studies (e.g., Howe & Rudge, 2005)

 Authentic scientific internships (e.g., Bell, Crawford, et al., 
2003)

 Inquiry-based contexts (e.g., Yacoubian & BouJaoude, 2010)

 Argumentation (e.g., McDonald, 2010), and
 Meta-cognitive instruction (e.g., Peters & Kitsantas, 2010)

Evidence for impact




HOS has been taken to task in the bid to impact 

precollege students’ conceptions of NOS more than 
40 years ago

 Part of a large scale national effort that involved 
thousands of teachers and tens of thousands of 
precollege students

Using history to teach about NOS





Gerald Holton (1922 
- )

F James Rutherford 
(1924 - )

Fletcher Watson 
(1912 – 1997)




 “A national curriculum improvement project, which was 

funded by the U.S. Office of Education, the National 
Science Foundation”

 “Includes aspects of the philosophy and history of science 
that put the development of the major ideas of physics into 
a humanistic and social context”

(Holton, Rutherford, & Watson 1971, p. 1)

(Harvard) Project Physics Course








Research on the PPC impact featured rigorous large-

scale quasi-experimental studies

A total of 17 significant positive differences favoring 
PPC were identified

However, “no significant differences were found on the . 
. . Test on Understanding Science [TOUS]”
(Welch, 1973, p. 374)

. . . but



Leopold E. Klopfer’s
History of Science 
Cases (HOSC) for 
High Schools

“The inclusion of history of 
science in science teaching 
must be planned as carefully 
as the use of any other 
instructional materials”
(Klopfer, 1969, p. 92)





“Although students studying 
The Cells of Life case will find 
that it has a good deal of 
science content, they should be 
made aware from the beginning 
that the case is not primarily a 
vehicle for learning science 
subject matter . . . but the 
primary purpose of the HOSC 
units—to teach about science 
and scientists—should remain 
permanently in the 
foreground”

(Klopfer, 1964, p. 6)



“3) A scientist’s observations 
and interpretations are 
influenced by his perceptions 
and background”

“4) A scientific theory . . . 
serves to correlate and explain 
many phenomena within its 
scope and should be fruitful in 
stimulating new scientific 
research”

(Klopfer, 1964, p. 10)



“5. A controversy over rival 
theories is resolved, ideally, by 
an appeal to experimentation. 
However, the outcome of a 
controversy can also be affected 
by the personalities and 
personal biases of the scientists 
involved . . . Scientists 
sometimes ignore facts that do 
not fit into a proposed theory”

(Klopfer 1966, p. 9)



“The objectives of HOSC can 
be effectively achieved only 
through the kinds of bringing 
out and bringing together that 
come in the framework of a 
well-led, intensive classroom 
discussion”

(Klopfer 1964a, p. 7)



“What is a scientific law? 
How can laws in science be 
established?” (p. 17)

“Are scientific ideas 
replaced very often?” (p. 
24)

“Observations do not speak 
for themselves; they must be 
interpreted” (p. 14)




 Pretest-posttest experimental study

Random assignment of the HOSC treatment to 108 
experimental and comparison classrooms

 Significant gains in the experimental students’ NOS 
understandings as measured by the TOUS           
(Klopfer & Colley, 1963)

The HOSC were effective




 There is a lot to ask and try to answer about “How 

Can the HPS Contribute to Contemporary U.S. 
Science Teaching”

 But we already know quite a bit!
 The task before us is how to carefully situate 

ourselves for the future while making sure we 
seriously take into account what we have learned 
from the past 

A final thought




Thank You!




 The search for a panacea for teaching about NOS 

continues!
New prescriptions include scientific practices, 

argumentation, and socio-scientific issues, among 
others

However, NOS is a reflective endeavor
 Thus, like with inquiry and HOS, these new contexts 

will not of themselves necessarily result in improved 
NOS understandings among learners

On context and teaching about NOS




 Effective NOS teaching
 Clearly articulate NOS learning outcomes that are 

commensurate with context
 Structure student learning experiences to embody (or, 

at least, illustrate) the target NOS learning outcomes
 Provide learners with structured opportunities to 

reflect on their learning experiences from an 
epistemological lens

Challenge with choosing and using contexts that are 
commensurate with target learning outcomes

To teach about NOS, teach about NOS




NOS instruction is most effective when it is an 

integrated and meaningful component of science 
teaching

Approaches focused on add-ons and modules (e.g., 
NOS-specific or history of science units) are less 
likely to receive serious attention from teachers 
given their expansive science curricula

Effective NOS instruction






 Teaching about NOS is instruction aimed at helping 

learners develop informed epistemological 
understandings about the generation and validation 
of scientific knowledge, and the nature of the 
resultant knowledge 

 Teaching with NOS entails designing and 
implementing science learning environments that 
take into consideration these robust epistemological 
understandings about the generation and validation 
of scientific knowledge 

Teaching with and about NOS




 Turns the ‘teaching about NOS with inquiry’ coupling on 

its head
 Helps articulate and concretize Rutherford’s (1964) claim 

that NOS understandings would result in improved 
ability among teachers to implement inquiry instruction

Abd-El-Khalick, F. (2012). Teaching with and about nature of 
science, and science teacher knowledge domains. Science & 
Education. DOI: 10.1007/s11191-012-9520-2

Teaching with and about NOS
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