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Abstract Study provides qualitative analysis of data that

answers the following research question: how college sci-

ence faculty teach science and NOS and incorporate

aspects of NOS and the history of science into their

undergraduate courses? Study concentrates on four cases

and more specifically on three introductory science classes

and on four instructors who taught those courses. These

instructors were chosen as case studies to explore in greater

detail what occurs inside introductory science courses in

one particular higher institution in the Northeastern United

States. Participants’ teaching styles are presented through a

combined and detailed presentation of interview data and

classroom observations supported with examples from their

classroom activities. Constant comparative approach was

used in the process of organizing and analyzing data.

Findings revealed that participants preferred to use the

traditional teacher-centered lecturing as their teaching style

and whose main concern was to cover more content,

develop the problem solving skills of their students, and

who wanted to teach the fundamental principles of their

subjects without paying special importance to the NOS

aspects. The study also revealed that other variables of

teaching science, such as large class size, lack of man-

agement and organizational skills, teaching experience, and

instructors’ concerns for students’ abilities and motivation

are more important for these scientists then teaching for

understanding of NOS.

Keywords Nature of science � College science teaching �
Science education � Case study

Introduction

The long history of the advocacy for teaching about nature of

science (NOS) in science classrooms is evidenced by the

National Society for the Study of Education (1960) and Hurd

(1960). These two resources claim the existence of move-

ment for teaching this goal in American schools as early as

1920. However, given science’s tentative nature, the specific

topics that we should teach about NOS, has changed over

time (Lederman 1992). In the beginning of the twentieth

century, science educators expressed NOS objectives in

terms of increased emphasis on the scientific method (Hurd

1960). In the 1960s, the objective focused on inquiry and

scientific process skills such as observing, hypothesizing,

inferring, interpreting data, and designing experiments

(Welch 1979). In the 1980s, psychological factors, such as

the theory-laden nature of observations in science and the

role of human creativity in developing scientific explana-

tions, as well as sociological factors, such as the social

structure of scientific organizations and the role of social

discourse in validating scientific claims, started to appear in

the objectives of NOS (National Science Teachers Associ-

ation (NSTA) 1982). Currently, the National Research

Council (NRC) has clearly stated the most recent objectives

of science education with the following statement:

‘‘Science is a way of knowing that is characterized by

empirical criteria, logical argument, and skeptical

review. Students should develop an understanding of

what science is, what science is not, what science can

and cannot do, and how science contributes to cul-

ture.’’ (National Research Council 1996, p. 21)

Additionally, American Association for the Advance-

ment of Science (AAAS) further supported the advocacy

for teaching about NOS with the following statement:
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‘‘Education in science is more than the transmission

of factual information: it must provide students with a

knowledge base that enables them to educate them-

selves about the scientific and technological issues of

their times; it must provide students with an under-

standing of the nature of science and its place in

society; and it must provide them with an under-

standing of the methods and processes of scientific

inquiry.’’ (American Association for the Advance-

ment of Science 1989, p. xii)

Most recently NOS has started to be considered as a

critical component of scientific literacy (AAAS 1989;

National Science Teachers Association 1982; National

Research Council 1996). This was based on the assumption

that an understanding of NOS will enable students and

general public to be informed consumers of science, so that

they can make informed decisions when confronted with

scientific issues.

In order for someone to acquire scientific literacy, it is

important to understand how scientific knowledge is gen-

erated. As indicated earlier, the National Science

Educational Standards (National Research Council 1996)

explicitly state that helping students develop adequate

understanding of NOS should be one of the primary

objectives of all science teachers. However, in order for

science teachers to teach about NOS, they need instruction

that explicitly addresses the history, philosophy and the

workings of science not only in their science methods

courses, but also in their undergraduate science courses.

NOS has been defined in many ways in science educa-

tion literature. In spite of the significant progress toward

characterizing science there is no single NOS definition

that fully describes all scientific knowledge and enterprises

(Schwartz and Lederman 2002) and there is always likely

to be an active debate at the philosophical level about what

NOS is (McComas 1998, as cited in Irez 2006). However,

at the level of helping individuals understand the basics of

science in order to promote effective science literacy, there

is some basic agreement about the aspects of NOS among

science educators. The understanding is that scientific

knowledge is tentative (subject to change), empirically

based (based on and/or derived from observations of the

natural world), subjective (theory-laden), partly the product

of human inference, imagination, and creativity (involves

the invention of explanation), and socially and culturally

embedded (Lederman 1992). Two additional aspects are

the distinction between observations and inferences, and

the functions of and relationships between scientific theo-

ries and laws (Lederman 1992; Lederman et al. 2000).

Clearly, science educators (such as, Abd-El-Khalick,

and Lederman 2000; Duschl 1985; Kimball 1967–68;

Lederman 1992; Saunders 1955 and number of others) and

scientists have been persistent in their advocacy for

improved student understanding of NOS over the past

several decades. The development of an ‘‘adequate

understanding of the nature of science’’ or an understand-

ing of ‘‘science as a way of knowing’’ continues to be

convincingly advocated as desired outcome of science

instruction (Lederman 1992, p. 331).

In line with this advocacy, the present study investigates

how four faculty who teach introductory science courses

including the fields of chemistry, physics, and earth science

understand and communicate NOS to their students. The

outcome of this study will help us to better understand

the use of NOS aspects in introductory science courses and

the extent to which science professors at college level

incorporate aspects of NOS into their courses.

Theoretical Framework and Significance of the Study

The existing body of research on NOS has mainly con-

centrated on K-12 students’, teachers’, and pre-service

teachers’ understandings of NOS. The research on pre-

service teachers’ understanding of NOS has been gathered

primarily by looking at their pre-service teacher methods

courses. There are very few studies that focus on college

science faculty and their views on NOS, and the way they

use NOS instances in their instruction. Furthermore, the

few existing studies of scientists’ views on NOS lack

descriptive details. These studies are comparable to the

studies of teachers’ and students’ views of NOS, in the

sense that they imply scientists do not necessarily hold

views that are in line with currently accepted views of NOS

advocated for K-16 science education (Behnke 1961;

Glasson and Bentley 2000; Kimball 1967–68; Pomeroy

1993; Schmidt 1967; Schwartz 2004).

Consequently, there is a gap in the existing research that

overlooks the influence of introductory science courses on

science teachers’ NOS knowledge development, and more

importantly, on college science faculty members’ under-

standing and teaching of NOS. This study will attempt to

close this gap in the research. The result of this investi-

gation will enable researchers in science education to see

how introductory science courses address the understand-

ing of NOS. College science faculty do not share the same

definition of ‘science’ in their practice, and thus, they may

teach about the method of science in diverse ways that need

to be better understood, so that their impact on future

science teachers can be examined.

Prospective science teachers will encounter numerous

variations in science instruction in their introductory

courses, prior to taking any science method classes. For

instance, Zeidler and Lederman (1989) gave specific

attention to the nature of teacher-student interactions and
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the specific language used in high school classrooms. The

researchers hypothesized that conceptions of NOS may be

implicitly communicated to students by the language

teachers use in presenting subject matter. They found that

when teachers used ‘‘ordinary language’’ without clarifi-

cation (e.g. discussing the structure of an atom without

stressing that it is a model), students were inclined to adopt

a realistic conception of science (as cited in Lederman

1992). This conception views ‘‘scientific knowledge as

true, real, existing independently of personal experience,

and where some scientific objects (e.g. atoms, light, ions)

have the same ontological status as ordinary objects (e.g.

chair, table)’’ (p. 772). On the other hand, when teachers

were careful to use precise language with appropriate

clarifications, students were inclined to adopt an instru-

mentalist conception (Lederman 1992). The instrumentalist

view is an alternative conception of science in which

‘‘scientific description represents statements of practical

utility’’ (p. 772). Such a conception emphasizes ‘‘scientific

knowledge as a product of human imagination and crea-

tivity; it is used in a theoretical fashion to allow us to make

inferences and construct arbitrary models to explain the

behavior of physical phenomena’’ (p. 772). This concep-

tion does not view ‘‘scientific knowledge as a true, real, and

dependable account of reality, instead, scientific knowl-

edge consists of man’s attempts at accounting for

observations by inventing explanations’’ (Munby 1976,

p. 118). This conception stresses the tentative nature of

scientific knowledge.

Although, Zeidler and Lederman (1989) looked at the

high school teachers’ use of language, these findings show

that the language used by science faculty in introductory

classes could be very important in shaping students’ views

about NOS. Furthermore, introductory science courses are

especially important because these classes are the first

science classes taken by future science teachers at the

undergraduate level as they could potentially lay the

foundation for better understanding of science and NOS in

their more advanced science courses. Having science

instructors who teach in accordance with NOS objectives

and who use ‘precise language’ in their instruction might

help future science teachers to acquire ‘adequate’ con-

ceptions of NOS. This study examines the extent to which

college science faculty model this behavior.

Additionally, how we teach is determined largely by

how we personally learn best and how we are taught. Thus,

having the example of science faculty who teach in line

with NOS objectives might help prospective teachers learn

the techniques for teaching NOS. Having science instruc-

tors who teach in accordance with the NOS aspects

explained above, would help science educators attain the

National Science Foundation (NSF)’s call for more inclu-

sive undergraduate science education, one that makes

science interesting, understandable, and more relevant to

all students. Specifically, the NSF argues that:

‘‘All students [must] have access to supportive,

excellent undergraduate education in science, math-

ematics, engineering, and technology (SME&T), and

all students [must] learn these subjects by direct

experience with the methods and processes of

inquiry. America’s undergraduates – all of them

– must attain a higher level of competence in science,

mathematics, engineering, and technology. Amer-

ica’s institutions of higher education must expect all

students to learn more SME&T, must no longer see

study in these fields solely as narrow preparation for

one specified career, but must accept them as

important to every student. America’s SME&T fac-

ulty must actively engage those students preparing to

become K-12 teachers; technicians; professional sci-

entists, mathematicians, or engineers; business or

public leaders; and other types of ‘‘knowledge

workers’’ and knowledgeable citizens.’’ (National

Science Foundation 1996, p. ii).

The questions and concerns discussed above form the

foundation of this study. The summaries of research by

Lederman (1992); and Abd-El-Khalick and Lederman

(2000), and research studies by Durkee and Cossman

(1976), Glasson and Bentley (2000); Irez (2006), Kimball

(1967–68), Pomeroy (1993); and Schwartz (2004) con-

tributed in developing working conceptions of beliefs for

this study. These studies argue that teachers cannot be

expected to teach about NOS if they do not really under-

stand NOS, and that simply possessing the necessary

knowledge about NOS does not guarantee its effective

communication to students (Lederman 1992). This study

argues that prospective science teachers should not only be

made aware of NOS and taught how to teach NOS in

science methods courses, but should have the opportunity

to see appropriate teaching practices about NOS in their

introductory science courses.

Methods and Participants

This study provides qualitative analysis of data that

explores how science faculty teach science and NOS in

their classrooms. The study answers the following research

question: how college science faculty teach science and

NOS, and incorporate aspects of NOS and history of sci-

ence into their undergraduate courses. The research studies

three introductory level science classes and four instructors

who taught those courses. Jack, Max, Chris, and Lena (all

names are pseudonyms) were chosen as case studies to

explore in greater detail what occurs inside the introductory
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science courses in one particular higher institution in the

Northeastern United States. Results are presented through a

combined and detailed presentation of interview data and

classroom observations supported with examples from

classroom activities in relation to professors’ views of

NOS, their teaching approaches, student actions, student

reflections, classroom settings, teaching rationale, and

future suggestions.

Data Collection

One in-depth individual interview with each of the partic-

ipants was conducted prior to the beginning of the

observation in spring semester of 2005 in order to explicate

participants’ understanding of NOS. Interviews were

arranged according to participants’ schedules by visiting

them in their offices. Interview times ranged between

25 min (Lena’s) and 1 h and 30 min (Jack’s), the average

interview time was 50 min. All participants gave their

consent to participate in the study. All interviews were

conducted in person in each instructor’s office. Three of the

interviews were conducted in a single session. Jack’s

interview was conducted in two sessions, because of time

constraints.

Jack, Max, Chris, and Lena were chosen for lecture

observations based on their teaching in different discipline

areas, and willingness to participate in further research.

Follow-up interviews with the each of the observed faculty

were conducted in the fall of 2005 in order to further

explicate their understandings of NOS and to obtain their

rationales for using or not using NOS in their instruction.

These interviews were clinical in nature and deliberately

covered aspects of NOS and teaching practices identified

from the analysis of the initial interviews and classroom

observations. Thus interview questions were different for

each one of them. Participants for the classroom observa-

tions were purposefully selected from the private research

university because of travel convenience for the

investigator.

This study employed an ethnographic research design in

collecting data. Ethnographic designs, as Creswell (2002)

describes them, ‘‘are qualitative research procedures for

describing, analyzing, and interpreting a culture-sharing

group’s shared patterns of behavior, beliefs, and language

that develop over time’’ (p. 481). As such, by using this

research design and utilizing in-depth interviews and

classroom observations, the study explored the ‘culture-

sharing’ behaviors, beliefs, and language among four col-

lege science faculty. Moreover, the study focused on the

process of teaching of the concepts of NOS and how sci-

ence professors’ views of NSO had emerged. The in-depth/

open-ended nature of the interview, as Bogdan and Biklen

(1998) write, ‘‘allows the subjects to answer from their own

frame of reference rather than from one structured by

prearranged questions’’ (p. 3). Also, the present study used

loosely structured interview guides (see Appendix 1), as

recommended by Bogdan and Biklen (1998), in order to

‘‘get the subjects to freely express their thoughts around

particular topics’’ (p. 3). In this study the topic was the

understanding of NOS. Loosely structured interview

questions used in this study were developed by the

researcher and with the help of few science educators in a

period of more than one year.

The initial questions for the interviews developed

through several processes:

• Research apprenticeship project in one qualitative

research methods class, which sought to investigate

six scientists’ views on NOS.

• Looking at various survey instruments measuring

students’ and teachers’ understanding of NOS, such

as VNOS-A, B, C questionnaires (Lederman et al.

2002).

• Consulting with the instructor of the methods class.

• Finding and adding additional questions after each

interview.

Thus, the questions evolved over time. Interviews were

recorded on a digital voice recorded and later on trans-

ferred to PC computer and written on a CD.

Classroom observations provided another set of infor-

mation on the way science faculty structure their lectures

and the way they use or do not use instances of NOS in

their teaching practices. Classroom observations made

visible teacher-student interactions and the specific lan-

guage used by the instructors, as was the case in the Zeidler

et al.’s (1989) study. Interviewing does not necessarily

produce a clear understanding of participants’ conceptions

of NOS, even if they use the appropriate vocabulary for it

(Duneier 1999). Thus, observing faculty in classroom

environment enabled further explication of their concep-

tions of NOS.

Observing in a classroom setting requires good

listening skills and careful attention to every detail, both

visual and non-visual (Creswell 2002). It also requires

dealing with issues such as the potential deception by

participants being observed and the initial awkwardness

of being an outsider without initial personal support in a

setting (Hammersley and Atkinson 1995). The researcher

tried to control for these disadvantages in the classroom

observations by wearing jeans and sweatshirts to blend in

more easily with the students, and by sitting in different

places during the lectures. The researcher blended very

successfully with the students in the classrooms to the

point that students will ask him questions about instruc-

tors’ homework assignments, exams, and the hand

writing on the slides.
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For the purpose of the study, the investigator took

complete records of any chalkboard notes. He obtained

class handouts and assignments. He noted the physical

environment of the class and took notes on teacher man-

nerisms and nonverbal cues during the lecture (Zeidler

et al. 1989). For example, the investigator wrote down

whether the instructor was moving around the classroom

and making eye contacts with students.

With each observation the researcher’s way of taking

notes changed. At the beginning of the observations he was

trying to write down everything the instructor wrote on a

board or on an overhead slide, but later he started to look

for more specific interactions between the instructor and

the students, and among the students themselves. Thus, the

note taking during the observations was also evolutionary

in nature. The general purpose of the observations was to

generate a picture of what the instructor and the students

did during a given lecture.

Data Analysis

Continuous data analysis was performed as information

was collected during the duration of the study. The

interviews were transcribed by the researcher on a PC

computer using a software program that slows down the

interview pace. The first step taken in the analysis of the

data was data organization procedures recommended by

Bogdan and Biklen (1998). In organizing the data, the

researcher revisited each interview and listened to each

audiotape while reviewing the transcripts to ensure the

accuracy of the data. Each participant’s interview tran-

script was later analyzed according to data analysis

procedures described by Bogdan and Biklen (1998),

which call for development of coding categories,

mechanical sorting of the data, and analysis of the data

within each coding category. Each participant interviews’

were coded separately according to participant’s views on

NOS as well as on various emerging themes, and later on

repeated themes among the interviews were grouped into

coding categories. The field notes were written immedi-

ately following each classroom observation, and later

coded and grouped based on common themes, such as use

of history of science, use of NOS language, class size

effect, students’ distractions and disinterest with a lecture,

and use of Q & A in instruction. The initial codes were

supplemented with emergent main categories and sub-

codes (Bogdan and Biklen 1998). Analytical memos were

written for each observed participant’s teaching styles.

Teaching styles were described by looking at instructors’

interactions with the students and whether their teaching

was student-centered or teacher-centered, or whether they

used group work.

The constant comparative approach (Glaser 1992) was

used in the process of organizing and analyzing the data.

The use of constant comparative method results in the

saturation of categories and the emergence of theory.

Theory emerges through the continual analysis and dou-

bling back for more collection of data and coding (Bogdan

and Biklen 1998; Glaser 1992) By this method, each item

of the data collected (interview transcripts, participant

observation notes, and course documents) were reviewed in

search of key issues, recurrent events, or activities in the

data that became categories of focus. Initially, categories

defined by the theoretical framework were followed, but as

more data were collected, new categories emerged and

were defined while old categories were redefined. Data for

each participant were reviewed multiple times for confir-

matory and contradictory statements until data were

organized to satisfactory categories and sub-codes to

address the research question.

In this study, a realist mode was used to represent the

participants’ perspectives through closely edited quotations

and interpretations of those quotations (Creswell 2002; Van

Maanen 1988). The investigator shares Roth and Lucas’

(1997) view that informants’ talk about their attitudes and

beliefs depend on context and are highly variable for a

given individual. Thus, the researcher makes no claims that

the data gathered represents informants’ permanent and

deep-seated views; rather he reads them as socially con-

structed in the moment.

Limitations of the Study

There are several limitations to this study. First, the

sample was formed out of volunteers and therefore self-

selected. The results are limited to this group of scientists

and caution should be exercised when attempting to infer

about any of the results with regard to other populations.

Second, relevant topics of NOS in K-16 science education

guided the development of the interview questions used in

collecting data for this study. There may be additional

features of epistemological views held by these subjects

that were not elicited in this study. Nevertheless, the

perspectives pursued and gained through the present study

were those deemed most relevant for K-16 science edu-

cation. Third, the researcher was the main instrument of

data analysis. The analyses and results are a product of

the researcher’s interpretation of the data. The interpre-

tation was based on the researcher’s knowledge and

experience in science and science education and his social

location. Therefore, the theory-laden nature of the inves-

tigation is a recognized limitation. However, it poses also

as a strength due to lack of interference from other

researchers’ views.
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Results

Participants’ Views on NOS

Participants backgrounds are presented in Table 1. Anal-

yses of participants’ first interviews revealed their views on

science and NOS. These views are presented below in

Table 2 as quotations in their own words.

These views reveal that Jack, Max, and Chris had

mixed views on some NOS aspects. They all believed

science is an empirical and creative endeavor. Lena,

Chris and Max believed that science is subjective and

socially and culturally embedded. Jack had mixed views

on the subjective and socio-cultural aspects of science.

Lena, Chris and Max believed that science is tentative,

however, Jack tented to view science as absolute and

objective body of knowledge. According to Jack theories

and laws in science are different and that there is no

hierarchical relationship between them. Lena, Max and

Chris also thought theories and laws are different, but

they believed that there is a hierarchical relationship

between them. Lena and Jack clearly distinguished

between observation and inference in science, but Max

and Chris had hard times distinguishing between obser-

vation and inference in science. Lena had the most

contemporary and informed views on the NOS aspects.

Her only limitation was that she thought there might be

some hierarchical relationship between theories and laws.

Participants Teaching Style

I observed Jack, Lena, Max, and Chris during the spring

semester of 2005. I observed Max during the first and Chris

during the second part of the semester for two months each.

Jack was teaching introductory chemistry for science

majors. Max and Chris were co-teaching an introductory

astronomy for non-science majors. Lena was teaching an

introductory Earth science for non-science majors. I

observed Jack in almost all of his lectures, because he held

the most traditionalist views of the NOS aspects and he was

teaching in a most traditional way, and I was trying to see

whether he used any NOS examples, or history of science

in his instruction. I observed him in 23 lectures of the 28

total. The ones that I did not observe were either midterm

or final exams or review sessions for the exams. There were

two sessions of Jack’s course each week, one on Tuesday,

and one on Thursday from 12:30 pm till 1:50 pm. I

observed Max in 8 lectures, of total possible 14 and Chris

in 10 lectures, of total possible 14. There were two sessions

of the astronomy course each week one in Tuesday, and

one in Thursday at 2:00 pm till 3:50 pm., so I had 10 min

to walk to Max and Chris’ course from Jack’s course. I

observed Lena in 16 lectures, out of possible 28. There

were two sessions of the Earth science course each week

one in Monday and one on Wednesday at 10:30 am till

11:25 am. I tried to sit in different places during observa-

tions, so that I would have different views of the classroom

Table 1 Shows participants background and their interest in science

Features Jack (Chemistry) Max (Physics) Chris (Physics) Lena (Geology)

Grew up Miami Beach New Zealand Barcelona, Spain Connecticut

K-12 schools Public schools Public schools Private schools Public schools

Undergraduate U. of Chicago New Zealand U. of Zurich Syracuse University

PhD U. of Illinois Caltech U. of Munich Harvard University

Post doctorate None Yale University U. of Chicago. U. of Michigan

Teaching years 19 19 1 5

Parental

support

Did not guide him in becoming a

scientist

Did not guide him in

becoming a scientist

Did not guide him in

becoming a

scientist

No any guidance for choosing

geology as her career

First interest in

science

Middle school as a self-interest Elementary school as self-

interest

High school as self-

interest

Before elementary school ‘‘ever

since’’ she ‘‘was a little kid

Reads History books and area journals Popular science,

mathematics, cosmology

and superconductivity.

Subject books, area

journals, no

pleasure reading

Area journals, books on natural

history, forensic science,

mysteries, and horses

Best science

teacher

Enthusiastic, funny, encouraging, and

who ‘‘explain things in a plain

way.’’

Challenges students, and

asks open questions

Clear, motivating

and

knowledgeable

Enthusiastic and knowledgeable

Understood

how science

works in

Nothing in his education was

designed to help him understand

how science works

Grad school Grad school Very late in college
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activities. I spread out the observations throughout the

semester by making at least one observation each week.

Jack’s course had a lab attached to it, but four graduate

Teaching Assistants taught the lab. Lena, Max and Chris’

courses did not have labs. The settings were large audito-

riums with nearly 300 seats. Emerging themes from the

observations are presented below.

Professors’ teaching approaches

Jack’s instruction was a very traditional, teacher-centered

lecture, where he used complex chemical language, or a

series of math and chemical formulas in his explanations

with little indication of their meaning. Below is an example:

‘‘The instructor talked about how we measure mole-

cules by looking at spectrum. He said ‘I had to say

the magical word spectrum. We can measure the

hydrogen molecule by look at a spectrum. We can do

that with many, many things now.’ Then he wrote an

example on the projector:

Calculating average reaction rate for:

2N2O5ðgÞ ! 4 NO2ðgÞ þ O2ðgÞ

Then he asked students what they can say about

this equation, but no one answered. Then he said ‘this

gas is what you see during the night at airports. This

is the brown cloud after sunset at airports.’ He wrote:

Data: time(s)/1200 concentration O2 mol/l 0.0036;

0.0048

D {O2}/Dt = {0.0048–0.0036} mol/l/{1800–1200}

sec

D {O2}/Dt = 2.00

Then he calculated average concentration for O2 by

putting the numbers on the formula. He said ‘this

class will kill you with number units. I like numbers.

You will see why I like numbers at the end.’ He

continued ‘it is either right or either wrong with the

numbers. That is what separates us from other sci-

ences.’’’ (Obs. # 2 of Jack, 01/20/05)

Jack always stayed in front of the overhead projector

and did not move at all around the auditorium. Jack was

writing his explanations on the projector and from time to

time looked at the students in the front rows. He was

explaining a concept or solving a problem in all of the

observations I made during the semester. Jack’s main

activity during the lectures was concentrated on problem

solving; he would introduce a new concept and start

solving problems related to that concept. Jack incorporated,

in few lectures, a question-answer type teaching strategy.

Students asked questions both about the explanations of a

concept or his hand writing. He had poor hand writing and

students had hard time reading what he wrote on the slide.

During the semester, several times, Jack emphasized the

importance of units, numbers and mathematics in science

and said ‘‘practice makes it prefect’’ meaning solving a lot

of problems will make students good in the numbers and

the units. He realized in few occasions that students

became bored with the lecture and used some humor to

draw students’ attention. In one of the lectures he made

students do physical exercise. His attempts were mostly

unsuccessful.

Max’s instruction combined teacher-centered traditional

lecturing, group work, and question-answer type teaching

strategy. In the latter, he employed the wait-time (Budd-

Rowe 1986) rule quite appropriately. Almost after every

question he asked, he waited at least for 15 s. Max also

used some group work while lecturing; he set apart 5 min

of his lecture time for students to work in groups of two or

three, where students answered a question usually from the

previous lecture. Here is an excerpt that points out this

teaching strategy:

‘‘The instructor showed a slide ‘Question from last

lecture’ and gave students 5 min to come up with a

brief answer or several descriptions to the question of

how stars work. Under the slide he asked students to

turn to their left or right and work in groups. Some

students were working in groups; some were working

alone, and some not working at all.’’ (Obs. #3 of Max,

02/17/05)

However, students mostly spent their time of group

work talking to each other and not about the problem, and

did not work in groups. Sometimes Max used demonstra-

tions while lecturing to explain a concept further, and

sometimes he used visual aids such as showing a video of

star formation for a couple of minutes to explain a concept.

Occasionally, Max used the technology inappropriately by

moving very fast from slide to slide and sometimes using

tables on the slide, which were quite small to read. Max

seldom used complex science language, such as physical

units, without explaining their meaning. Few times he used

positive language, such as ‘‘it is a very good answer’’, to

encourage students when they answered his questions

correctly.

The instruction of Chris was again a mixture of teacher-

centered traditional lecturing with some use of technology,

such as Power Point presentation and use of computer

animations to explain a certain concept. He incorporated

question-answer type teaching strategy, where sometimes

he used wait time. Chris used demonstrations while lec-

turing to explain a concept further, such as picking up two

or more students and bringing them in front of the audi-

torium to demonstrate the expansion of the universe, and

sometimes he used visual aids, such as showing computed

animations on the screen while explaining the special
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relativity theory or showing a video of star formation. He

also used examples from everyday life to explain certain

concepts, for example, when explaining the special rela-

tivity theory he gave examples from moving cars.

Sometimes Chris used the technology inappropriately. He

moved very fast from slide to slide and used tables on the

slides which were quite small to read, and sometimes had

problems showing some animations. This could be due to

the fact that this was his first year teaching an introductory

science course in such a big class. Furthermore, Chris

talked very fast which prompted students to complain. He

also had a thick accent so some students had hard time

understanding him. Some students also complained about

the difficulty of the exams. He then changed the grading

system of the exams instead of addressing the core issues –

the level of difficulty. He no longer reduced points for false

answer in the multiple choice exams. On a few occasions

he was not able to exert his authority over the students. He

believed that they should not go to the restroom whenever

they need and he warned them not to go out but the stu-

dents were still leaving whenever they wanted. In most of

the question-answer type instruction Chris was not able to

get responses from students, and in most occasions he had

to force them to give him an answer.

Lena’s instruction represented a teacher-centered tradi-

tional lecturing, employing however technology, such as

Power Point presentation and visual aids, such as photos

and graphic illustrations. She also incorporated, in few

lectures, a question-answer type teaching strategy, where

she used some wait time, but not always, and where stu-

dents did not participate willingly. Lena was enthusiastic

about her topics; she moved all around the auditorium

while explaining the material. On the negative side, she

spoke very fast and sometimes moved through the slides

quickly. The researcher assumes that this was because she

wanted to cover everything about a concept in one lecture

time.

Lena also used examples from recent global and local

events to explain certain concept; for example, she used

photos of people running on streets from an earthquake in

Kyoto, Japan, or photos from the tsunami in Indonesia. She

also incorporated real life stories and events in her

instruction, and in few occasions made jokes to keep stu-

dents’ attention on the lecture. On a few occasions, Lena

displayed classroom management skills, she warned stu-

dents to listen to her when they become noisy during the

lecture.

Student-teacher interactions

Jack made eye contact only with the students sitting in the

front rows, who were listening attentively. But the students

in the back rows after a while usually lost interest with the

lecture and started to show signs of disinterest and bore-

dom by talking among themselves in groups of two or three

in a low voice, some just looking disinterested with the

lecture, some reading the school newspaper or solving a

puzzle on it, some playing with their cell phones, some

reading a novel or a magazine, some solving math prob-

lems for another class, some eating food in class, and some

sleeping. The class period was scheduled for lunch time

and so some students were bringing lunch to eat it in class.

This eating prevented them from concentrating on the

lecture. The researcher observed these signs of disinterest

and boredom in Max, Chris, and Lena’s lectures.

Start of the lecture

Jack usually opened up his lectures with a relaxing talk

about recent events in the media, such as the Super Bowl,

or made jokes. He always asked students whether they had

any questions about anything at all in the beginning of the

lecture. Usually students asked questions about the proce-

dures of an upcoming exam. In few lectures he made few

announcements about the upcoming exams. Jack usually

started with a summary of last lecture. Several times during

the semester the teacher had some classroom management

problems at the beginning of the lecture. The class atmo-

sphere before the lecture can be inferred from the following

observation excerpt:

‘‘I arrived at 12:20 pm. There were few students in

the class, around 40 students. Students were entering

a few at a time, some sitting in the front rows and

some in the back rows. I sat on the right seventh front

row next to the wall in the auditorium. There were

few students reading newspapers in the front rows.

Students were talking among themselves and students

in the back were talking louder than students in front

rows. Students were now coming in steadily. The

teacher came at 12:30 pm and put his bags on the

front desk. The instructor put the overhead projector

on the front table and prepared it for class. The first

two blinds were closed already. Students were talking

loudly and a few more were coming still, some were

leaving for the restrooms. The instructor was pre-

paring his notes. A few students in the front rows

were still reading the school newspaper. Students

were still talking loudly among themselves. The

teacher turned off the lights and said ‘Hello, how are

we doing? It is no Miami Beach out there I can tell

you that.’ He reminded students that they have an

exam next week and said ‘Any questions about

anything?’ A girl asked a question about the seating

in the exam and the instructor answered. A boy asked

a question about whether he will do a review section
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at all. Jack said that he did not plan for that, but he

will give them a practice exam today and will answer

it next Tuesday, which is the class before the exam.

The instructor then said ‘Are we good? Any other

question of any kind?’ there were no question asked

from the students. Jack continued, ‘Patriots were

good. Next year the Dolphins, my team, will do better

than this year.’ He opened up the lecture with a

current event, which was the Super Bowl played on

Sunday night, to get the students attention and started

the lecture.’’ (Obs. #8 of Jack, 02/10/05)

Max, Chris and Lena usually also started their lecture

with a summary of previous lecture, making few general

announcements, giving an introduction to the material they

will cover for the day, and asked students whether they had

any questions about the last lecture.

Lena also used some warm up conversation with the

students as Jack did, such as making jokes or discussing

Super Bowl. She also gave assignments in the beginning of

some of her lectures for extra credits, such as writing one

page essays about evolution, listening to visiting scientists

and writing their opinions about the presentation, or

watching a special movie on Discovery Channel and

writing a small paper. Lena was also highlighting the

important concepts that will be included in the exams and

how to study for them.

Incorporating NOS language in instruction

Jack hardly used any NOS language in his instruction. In

two or three lectures, he used history of science in his

instruction by giving background information about the

development of the equilibrium concept or the life of a

scientist, such as Newton. Here are some examples:

‘‘The instructor stated to explain a new theory from

chapter 14.5 on the book. The theory was temperature

half rate collision theory or more known as transition

state theory. The teacher then explained that this

theory started in 1950s and gave a brief history of

how this theory developed.’’ (Obs. # 3 of Jack, 01/25/

05)

‘‘Jack gave some example from the history of science

he said ‘‘Arrhenius did his equation as a dissertation

and got the lowest possible grade for it and 15 years

later he got the Noble Prize. That shows us that it is

not so bad to have multiple-choice exams. That

shows us that grading is subjective.’’(Obs. # 5 of

Jack, 02/01/05)

In one occasion he gave an incorrect example of NOS

language. He suggested that there is only one kind of sci-

entific method in science and wrote on a slide the so-called

steps of the scientific method. This kind of instruction is

not recommended by science educators, such as McComas

(1998) who says that ‘‘this is one myth that may eventually

be displaced … in favor of discussion of methods of sci-

ence’’ (p. 58, italics from the author).

In one lecture he appropriately incorporated the subject

of science and religion in this lecture. He devoted nearly

10 min of his instructional time to science and religion.

Here is the excerpt from that observation:

‘‘At 13:33 the instructor stopped the lecture and took

time to talk about what he saw on the web last night

about the guy who invented the laser and maser. Jack

said that the guy who invented the laser won the

Templeton award which is $1.6 million dollars and

which is given to people who reconcile science and

religion. Then he asked the following question: ‘‘Do

people think that there is some connection between

science and religion? Raise your hands if you think

so.’’ Five students raised their hands. Then the tea-

cher asked students to raise their hands if they think

that there is no any connection between religion and

science. Three students raised their hands. The

instructor then asked students to raise their hands if

they think that it doesn’t matter if there is connection

or not. Around ten students raised their hands. Jack

then started talking about the religion and science

connection and said that these people in Templeton

awards were crazy to waste their money in something

that does not contribute to society at all and asked

students for their opinion. A white female said that

she is religious person, but also a science major and

that she coincides them with no problem at all.’’

(Obs. #15 of Jack, 03/10/05)

Jack hardly showed any signs of enthusiasm about his

subject, he spoke in a monotonous voice during the entire

semester. On a few occasions during the semester he

pointed out the benefits of chemistry to the society. He also

sometimes incorporated relevant examples from recent and

everyday events to explain chemical concept. Here is an

excerpt that highlights his strategy:

‘‘Jack tried to make students interested in studying

science. He gave the example of space ship that

landed on the moon of Saturn, which is called Titan.

He said ‘we placed a ship on the moon of Saturn. If

that does not amaze you I don’t know what will.’ He

tried to make the point that science is interesting to

study. Then he proceeded with the lecture by

describing the velocity of an unknown molecule.’’

(Obs. #1of Jack, 01/18/05)

Max also rarely used history of science as a NOS

teaching strategy. He provided background information
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about some of the scientists he mentioned while explaining

a concept, however, he did not explicitly emphasize the

NOS aspects. Few times he did not provide background

information about some of the scientists he mentioned.

Chris, few times, used inappropriate NOS language,

such as emphasizing importance of the units and equations

in science. For example, once he said ‘‘I am teaching you

science, and equations are language of science’’ meaning

that students have to learn how to use the equations in

science and once he said ‘‘you have to know something

about some scientific facts if you want to pass this class’’.

Although scientific facts belong to NOS, just stating this

without clarifying the NOS language undermines the ten-

tative and creative aspect of science. In most of his lectures

Chris used history of science as a NOS teaching strategy,

he gave background information about scientists and in one

occasion he gave a brief history of the beginning of the

science of cosmology from early Greeks until now. On the

negative side, he also did not elaborate on the names he

referred to in his lectures.

Lena used a lot of NOS language in her instruction,

almost in every lecture, to point out the tentative, sub-

jective, empirical, experimental nature of science. She used

history of science by giving background information about

scientists and scientific concepts. In a few lectures she

talked about the myths of science and about scientists in

their real life laboratories by showing photos of scientists.

Lena also devoted entire two lectures of her instructional

time to nature of science and how science works, she talked

about science versus religion, science versus creationism,

what is science and what is not, explained the difference

between what is a theory and what is scientific fact. In one

lecture Lena raised politically sensitive issues, such as the

Kyoto agreement on global warming. Here is an example:

‘‘The teacher showed a photo of President Bush and

said, ‘‘you know a little bit now on how science

works, you have to make your minds when making

political decisions. Ok, I am showing my true colors,

I am a liberal (laughingly).’’ A few students laughed

too. Lena showed few more slides explaining global

warming at 10:56 and a slide ‘Sea-Level Rise’. The

females on back were talking in a little bit loud voice

from time to time. The teacher showed few more

slides explaining sea level rise and what will happen

if sea level rises. Students were quiet, listening and

some taking notes. The instructor then talked about

Global Climate Models and how they work as com-

puter simulations and showed a slide ‘The Kyoto

Protocol’ and talked about how it came in effect and

how President Bush, before the 2000 elections, sup-

ported it and then changed his mind while in office

and his lack of understanding of this issue. A white

female left the class angrily after these comments at

11:12 slamming the door, while the teacher was

talking about Bush’s policies on Kyoto protocol.’’

(Obs. #14 of Lena, 04/13/05)

Class size

The class size of all three courses were quite large. It

changed from lecture to lecture, but the average size was

around 130, some days it was 90 and some lectures,

especially during the review sessions, it was near 250. In

the beginning of the semester there were usually around

200 students inside Jack’s auditorium, but at the end of the

semester the class size dropped dramatically some times to

50 students in attendance. The female-male ratio was in

favor of males in Max and Chris’ course and in favor of

females in Lena and Jack’s classes. There were very few

minority students in all of the courses. Around 30 out of

150 students comprised the minority population. There

were a little bit more African American students and

slightly more Asian American students in Lena’s class

compared to the other two classes. The big class size

affected teacher-student interactions, because sometimes

instructors did not see students who held their hands up,

and missed the opportunity to interact with them.

Student actions

Students in the three classes were usually not in time for

the lectures, few students were coming 10–15 min late and

few students were coming maybe half or one hour late.

Furthermore, students were leaving the classes at random

times, usually for the restrooms or to get food from the

vending machines outside the auditoriums. They would

leave for 5 min and come back again, and sometimes they

would leave with their belongings early without waiting till

the end of the lecture. In all of the classes there were some

students, who showed signs of boredom and distraction

from the lecture, such as playing with their cell phones,

reading the school newspaper or solving a puzzle on it,

eating food, sleeping, and very few playing with their

laptops. Students usually showed these signs of boredom in

the beginning and at the end of the lectures and were

preparing to leave class or became noisy when the time was

up for the lecture, even though the teacher was still talking.

All the instructors usually finished their lecture with a

summary. Students who were interested in the lecture

usually preferred to sit in the front rows and were atten-

tively listening with some taking notes and generally they

were the same students throughout the semester. Overall,

students in Max, Chris and Lena’s classes were usually

attentively listening with some students taking notes.
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Students in Jack’s class seemed more disinterested and

showed more signs of boredom with the lectures compared

to the other three instructors. On a few occasions, I saw

signs that students did not understand Jack’s explanation,

as they were talking among themselves and asking students

next to them what the instructor was saying.

From the above sub-themes about participants’ teaching

we can see that Jack has a traditional teacher-centered

instruction style, where he is mainly concentrated on

problem solving, and Max, Chris and Lena have instruction

that is a mixture among teacher-centered traditional lec-

turing, group work, and question-answer type teaching

strategy. Jack, Max, and Chris had an instruction with very

little incorporation of history and philosophy of science

and very little or no instruction geared towards the various

aspects of NOS as recommended by researchers, such as

Akindehin (1988); Billeh and Hasan (1975), Carey and

Stauss (1968), Jones (1969); Lavach (1969), Lederman

(1999), and Ogunniyi (1983). It appears that the critical

role and possible influences of other variables of teaching

science, such as pressure to cover more content and solve

more problems, large class size, lack of management and

organizational skills, instructors concerns for students’

abilities and motivation, students’ disinterest, instructional

constrains, teaching experience and lack of recourses and

experiences for assessing conceptions of NOS are more

important for Jack, Max and Chris than teaching for

understanding of NOS. Even though Lena used the same

teaching strategies as Chris, Max, and Jack, she used a lot

of NOS instances in her instruction, and purposefully

incorporated history of science. Lena’s teaching strategy

was different from theirs, because she held the most

informed views on NOS, was very passionate about her

subject, focused on teaching creationism versus evolution

in schools and thought that students should know the dif-

ference between scientific and other ways of knowing.

From Lena’s instruction we can conclude that even if there

were various constrains, such as drive to cover more con-

tent, larger class size, and students’ disinterest that prevent

incorporation of the various NOS aspects, college science

instructors still can teach for understanding of those

aspects, if they clearly understood its importance.

Instructors’ Rationales for their Teaching

Participants gave various explanations of their teaching and

provided rationales for using or not using certain teaching

techniques in their follow-up interviews. In what follows

these views are presented and grouped according to

emerging themes.

Class Size Effect

Jack, Max, Lena, and Chris, all emphasized that they

encountered various problems when teaching in a large

introductory class. Jack said the class size effect ‘‘is

enormous, it makes all the difference,’’ because it is hard to

interact with students in a class of over 100. ‘‘It is hard to

get students to talk; it is hard to get students to be fully

engaged, to have any single back-and-forth.’’ He pointed

out peer pressure as a reason not to participate in lecture in

such a large class:

‘‘even if they are concerned about how the professor

thinks, they are also concerned very much about how

their peers think. Not that they are necessarily either

right or wrong about what they are saying, but there

are other things that come up. Is this guy a suck up,

because he is talking to the professor, is he just brown

nose trying to win points, or he is an idiot, or he is

really smart, but still is sucking up? Nobody wants to

look like an idiot, not because they care what the

professor thinks, but because of what that pretty girl

over there thinks or that good looking guy over there

thinks, or they don’t want to look like they are talking

to the professor, because they will think that guy over

there will think that she is too smart and not attrac-

tive. I mean all those weird, strange things come into

play.’’ (Jack)

Jack personally believed ‘‘classes work best when stu-

dents have a question or even an idea that can be blurted

out at the time, but it is harder to get that to happen in a big

class.’’ He thought, ‘‘whenever you can have a smaller

class it is a better class and it works really well, because it

is easier to maintain collective focus of what you are trying

to talk about.’’ Max said, it is ‘‘difficult to be able to gage

how individuals are following,’’ and it is hard to check if

students ‘‘are doing the readings before hand that they are

supposed to do’’ in a large class. Max further explained:

‘‘and you tend to be more influenced by maybe the

portion of the class that is not following, so you can

bore the people who are following; all those kinds of

things are more difficult in a larger class, and defi-

nitely influence your instruction.’’ (Max)

Chris also said that it is hard to make sure that every-

body is following the lecture in a large class. Lena said that

‘‘it is hard to do any real interaction with 300 people,’’ it is

hard to get ‘‘any kind of feedback,’’ and it is easy for

students to tune out of the lecture in a large class. Chris and

Jack explained that the reason why they have large classes

in their university is that they don’t have enough professors

who can teach those introductory classes.
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Use of Technology and Demonstrations in Instruction

All four of the scientists used some kind of technological

device when presenting their lecture, such as an overhead

projector and Power Point slides. They gave various rea-

sons. Jack said that using overhead projector slows him

down and gives the students better chance to take notes.

And also ‘‘in a very odd sort of way,’’ because his ‘‘hand

writing is very horrible, students have to struggle to be able

to read it, but that means they are reading it, they actually

have to figure out’’ what he wrote. Max said, astronomy is

a field that ‘‘is rich in visual imagery, you can show a lot of

nice pictures, you can show animations, which motivates

people’’ and makes them active listeners. Lena said

‘‘geology is a pretty visual thing’’ and using visual images

on Power Point presentation help her ‘‘sort of bring the

excitement about the subject.’’ Chris said that he uses

animations and demonstrations to make some concepts

more understandable to students. These explanations show

that incorporation of some visual imagery or animation, or

making demonstrations helps in motivating students and in

their understanding of some science and NOS concepts.

Perspectives on the use of Group Work in Instruction

Chris and Max used group work in their instruction and

when asked why Chris said group work helps students to

communicate their thoughts in front of someone else and

makes them think about the subject. Max said that group

work helps students to learn from each other and ‘‘some-

times students are less threatened by a fellow student, so

they don’t mind saying that they don’t understand some-

thing to a fellow student than they will to an instructor.’’

Jack pointed out that the large class size and pressure to

cover content prevents him from utilizing group work in

his instruction. He has ‘‘an open mind to different modes of

instruction, but wouldn’t know how to do that with a class

that size.’’ These explanations reveal that even in a very

large class some group work can be incorporated in a

lecture, however instructors should be shown how to do

that and if the large class size problem is overcame uti-

lizing group work could be much easier. This in turn could

help instructors to incorporate some aspects of NOS in

these group work activities.

Use of Sophisticated Science Language

Max, Chris and Jack, at one point in their instruction, used

complex sophisticated science language, such as some

science units and formulas that can sometimes be hard for

students to understand. When asked why, they gave dif-

ferent explanations. Max said ‘‘partly the education is

about coming familiar with another language, so

sometimes we will use that language before all the ideas

are there, and then when they see it a second or third time

they should think better.’’ Chris said that he used units and

equations to help students understand how to ‘‘formularize

thought relation in an equation.’’ Jack said ‘‘the units are

extremely important’’ and that there is an art to them. He

also said that units and equations are ‘‘the language of

chemistry.’’ Jack, Max, and Chris saw using units and

formulas as extremely important. On the other hand, Lena

did not use units and formulas often in her instruction. This

can be due to the fact that she was in a different field, an

Earth scientist, as compared to Jack, the chemist, and Max

and Chris, the physicists.

Use of Q&A in Instruction

All of the participants incorporated, to some degree,

question and answer (Q&A) type teaching in their

instruction and gave varying reasons why they did it. Jack

said he used Q&A just to keep the lecture ‘‘more inter-

esting’’ for students and that ‘‘it is a question of getting

information from the students’’ with the hope to modify the

‘‘interface with the students better,’’ but acknowledged that

‘‘it is just hard to get students to do it.’’ He pointed that it is

a matter of communication skills and that it ‘‘is a inter-

personal dynamic, a complex thing, some people are very

good at it, and some people get better at it as they get older

and some more confidence, and some people are never

good at it and that is the way it is.’’ Jack emphasized that

‘‘people do not get jobs as professors, because they are

going to be great teachers’’, but because they are going to

be good researchers with good communication skills who

care, which is worrying for science education in general,

especially in the introductory classes, where students need

the most capable instructors with a good pedagogical

background to help them understand the workings of sci-

ence according to their developmental level. Max uses

Q&A to help student to improve their writing and com-

munication skills and to practice for the exams, and tries to

incorporate as much as possible Q&A in his instruction.

Lena and Chris said they use Q&A to keep students awake

enough and engaged enough and to force them to think

about the subject and that they start paying attention to the

lecture. Clearly Q&A was seen by the instructors, as good

instructional strategy that can engage students with the

lecture and help them see students’ level of understanding

of the lecture.

Use of History of Science in Instruction

Max, Lena, Chris, and Jack all incorporated some history

of science in their instruction. They all talked about the

important scientists relevant to their subjects. Max said he
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incorporated history of science, because it helps students

‘‘to realize that science is done by ordinary people’’, and

because he hopes to ‘‘appeal to people interested in the

social sciences, and humanities.’’ Max uses history of

science when it is relevant to a particular topic and when it

clarifies some ideas and explains the complexities about

our world. Chris incorporates history of science to put

science in a ‘‘bigger picture, to give them an historical

perspective or who the people are behind the names that

appear.’’ Jack also includes history to put ‘‘the scientific

information, a scientific knowledge in a human context’’

and to make ‘‘something relevant.’’ He uses history of

science ‘‘every chance’’ he gets. Lena said that using his-

tory in instruction helps students to ‘‘identify with those old

people’’ and make science more accessible to students. She

uses history when it comes up in the lecture, when she is

talking about the ‘‘really big concepts.’’ The observed

faculty clearly saw use of history of science as an important

instructional strategy that can help them to put ‘‘the sci-

entific information in a human context’’ and to make

science relevant to students. They incorporate history of

science when they see it is relevant and important in a

lecture. This shows that if intended instructors can incor-

porate history of science in their instruction as

recommended by various science philosophers and

educators.

Use of Problem Solving as a Primary Instructional Tool

Jack was the only one who used problem solving as his

main instructional tool. He solved problems after every

new concept he introduced. Jack said the reason why he

uses problem solving is because ‘‘in chemistry that is the

way it is done, chemistry is all about solving problems, you

live and die by problems, problems are what actually

illustrates the concepts, illustrates the mechanics of how

you do it.’’ The fact that Jack saw problem solving as the

main feature of chemistry contradicts science education

literature, because such a priority in teaching science to

freshmen students gives a false image of science and makes

students think that science is all about mathematics. Also,

such a way of teaching science leaves very little room for

incorporating demonstrations, relevant examples and some

of the NOS aspects in instruction, as Jack said he wants to

incorporate.

Use of Assignments

Lena was the only one, who gave students assignments for

extra credit. She explained that she wanted to give ‘‘stu-

dents who are interested and engaged another outlet to

express what they think,’’ and further said the large class

size prevents her from using more assignments in

instruction. This compounds the issues with class size

explained above and can be another reason for reducing the

class size in the introductory science courses.

Reasons for Students Distractions with the Lecture

In all of the classes that I observed, there were various

levels of distraction and a number of distractors. Some

students were not involved with the lecture at all, some

were leaving for the restrooms, some were coming late to

class, some were leaving the class early, some were reading

the school newspaper, some were solving puzzles, and

some were sleeping. Lena said she hardly noticed any of

those activities going on in her class. The researcher is

assuming that the reason for this is that she was enthusi-

astic about her topic and fully immersed in her

explanations. When asked why students come to class if

they are not going to listen, she said that ‘‘there is enough

guilt involved with not going to class that they figured they

better go, but they don’t think it is important enough to

actually listen.’’ Chris also said he hardly notices any of the

above mentioned activities and if he notices he ‘‘will do

something about it.’’ Jack said as long as students do those

activities quietly and ‘‘they don’t interrupt the students and

their friends’’ and do not disrupt the class he doesn’t care.

He said, ‘‘if it is a small class that is a different matter,

because then you can’t be disruptive, but in a big class

fine.’’ Max said the reasons why students come to class late

or leave early are lack of motivation, the failure of private

education, and may be because classes are not taught very

well by the teachers so the students get bored. Max

explained:

‘‘Many students are actually not paying the tuitions

themselves, so they don’t realize how expensive one

lecture really is (laughingly). So, sometimes I discuss

how much they are paying for the lecture. Some of

them put themselves through school, but it is usually

parents who are paying. I think this is partly the

failure of private education, the fact of this sort of

buying a degree means that they can decide how they

spent their time. And then partly, my guess may

reflect on us and they don’t want to be there all the

time, maybe we just don’t teach them well… I am

always torn by this, because I think I am not an

elementary school teacher, I am not there to hold

their hand, they supposed to be motivated in some

way, but it is significant enough problem and disrupts

enough other students that we try to address it.’’

(Max)

Clearly students’ distractions with lecture did not pose a

problem for these faculty. This maybe due to the large class

size, as pointed out by Jack, because in a large class it was
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important just to keep the students quiet and not to care

whether they listen or not.

What is Good About Teaching Introductory Science

Classes in College?

All of the participants said that they enjoy teaching and

gave various explanations for that. Max said he enjoys

teaching, because he likes to ‘‘put back something, be able

to change people a little bit, surprise them a little bit to see

something in a different way,’’ and ‘‘be around young

people,’’ because ‘‘it keeps you younger,’’ and that is why

he likes to ‘‘be at the university rather than in industry,

where you probably can make more money.’’ Lena enjoys

teaching, because she likes ‘‘seeing people get excited

about stuff and getting interested in, getting involved, and

start to realize why some of these things are important and

relevant for them, even in those classes of 200 and 300 to

see that it is worthwhile.’’ Chris enjoys it, because he likes

the ‘‘feeling that you influence something.’’ Jack enjoys

teaching, because it keeps him fresh and makes him think

that he is ‘‘doing something positive.’’ Clearly teaching for

these scientists wasn’t a burden. They were highly moti-

vated and wanted to give something back to their students.

Qualifications to Teach Introductory Classes

To the question, what do you think qualifications should be

to teach an introductory science class, participants gave a

range of answers. Max said the main requirement should be

‘‘the willingness to work hard’’ and ‘‘being skilled enough

communication wise to reach the right level.’’ Lena said

the instructors ‘‘have to like what they are doing’’ and ‘‘be

able to bring interest, excitement and enthusiasm’’ to their

instruction, because students ‘‘are not going to get excited

if you are not excited about it.’’ Chris said these classes

should be ‘‘taught by science professors who know what

they are talking about.’’ Jack said ‘‘qualifications start with

technical confidence, the person must feel completely

confident with all the scientific material that needs to be

taught,’’ have some experience, at least four or five years as

teaching assistant with more than one professor, and sug-

gested ‘‘maybe a person who did have training in education

would be better,’’ because he thought:

‘‘people who have an education background are more

aware of things that pertain to younger students,

development rates, what develops first, what develops

how, the learning process. They are more aware of

that than non-education trained people. I don’t know

how important that is when people are mature, as

mature as anyone between 18 and 22 sometimes that

is not very mature.’’ (Jack)

Overall, the four faculty wanted people, who teach

introductory science courses, to be willing to work hard,

know their material well, be enthusiastic, and if possible,

professor who are well versed in research.

Problems Encountered While Teaching Introductory

Science Class

When asked what problems they encountered while

teaching introductory science classes, participants saw the

lack of motivation of students and their fear of science, as

the main obstacles. Max noted that students often see

themselves as ‘‘I am not a science person’’ and ‘‘I don’t

understand science.’’ And that they cannot ‘‘even make a

decent discussion about astronomy with a Greek from

2000 years ago and that idea doesn’t embarrass them.’’

When Max was asked how we should overcome these

problems he said we should ‘‘give students some power

over their own education, to realize that maybe ultimately

what they get out of it is very strongly coupled to how

much they put into it’’ and ‘‘to have the instruction con-

tinue outside the classroom.’’ Chris also saw the lack of

motivation as main problem and proposed radical solu-

tions, ‘‘get rid off the grades’’ and ‘‘science requirements’’

in colleges, but Chris wasn’t sure about these proposals.

Jack’s problems were ‘‘getting students to be part of the

process, getting students to interact, getting students to do

the problem sets’’ and ‘‘the bigger the class the harder it

is,’’ because ‘‘when the classes are big it makes it very hard

to relate in so many ways.’’ When asked how we should

overcome these problems Jack said ‘‘making smaller

classes’’, making ‘‘interesting problems’’, making ‘‘inter-

esting lectures’’, and ‘‘try to find a way to motivate

students.’’ Lena saw ‘‘fear of science,’’ disinterest, and

students’ lack of mathematical skills as the biggest obsta-

cles to learning science. As a solution she said ‘‘try to keep

them interested and involved.’’ Clearly, the lack of moti-

vation by the students and their fear of science were seen as

the main obstacles among these faculty.

Suggestions to Improve Introductory Science Classes

Instructors gave several recommendations to improve

introductory science classes. Max suggested getting stu-

dents ‘‘to agree to be responsible for some basic knowledge

before each lecture, so that we could really focus on what

they don’t understand and that is very difficult in these

introductory classes.’’ Jack suggested changing the curric-

ula, but pointed out that ‘‘it presents an enormous number

of logistical and administrative difficulties.’’ He also sug-

gested incorporating demonstrations to get students

interested, but he himself did not do that in the 23 lectures I

observed. Chris gave very brief answer and suggested
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reducing the class size. Lena also suggested having smaller

classes, but pointed that there could be some logistical

problems. She also suggested ‘‘more hands on individual

work, making stuff relevant,’’ having students gain some

‘‘fundamental basic math skills’’, and making ‘‘sure you

have people teaching the classes that they want to teach.’’

Clearly, reducing the large class size and more hands-on

activities were seen as major ways to improve science

learning.

Discussion and Conclusion

Findings show that majority of the participants in this study

preferred to use the traditional teacher-centered lecturing as

their teaching style. Their main concern was covering

content, developing problem solving skills and teaching the

fundamental principles of their subjects without paying

special importance to the aspects of NOS. This is in con-

trast to the findings and suggestions of others (Akindehin

1988; Billeh and Hasan 1975; Carey and Stauss 1968,

1970; Jones 1969; Lavach 1969; Ogunniyi 1983; and Le-

derman 1999), who call for an explicit approach to

teaching of NOS, where learners are provided with

opportunities to reflect on their experiences. This reveals

that having incomplete understanding of the aspects of

NOS and lack of knowledge of how and when to use these

NOS aspects affects the purposeful teaching and incorpo-

ration of them in instruction (Shulman 1986). This also

shows that other variables of teaching science, such as

drive to cover more content, large class size, lack of

management and organizational skills, teaching experi-

ence, and instructors’ concerns for students’ abilities and

motivation are more important for these scientists then

teaching for understanding of NOS, as affirmed by others

(Abd- El- Khalick et al. 1998; Brickhouse and Bodner

1992; Duschl and Wright 1989; Hodson 1993; Karakas

2008; Lantz and Kass 1987; Lederman and Latz 1995;

Lederman 1999).

On the other hand, the follow up interviews with the

instructors reveal that they stated at least one of the NOS

aspects as their desired goal for students, when asked

specifically, and stated that they talk about history of sci-

ence in their instruction when they see it is relevant to a

particular topic. Lena was the only instructor who pur-

posefully incorporated history of science in her instruction,

and who had an instruction geared toward the various

aspects of NOS, even though she had the same constraints

as Jack, Max, and Chris had. This reveals that instructors

still can teach for an understanding of NOS, even with

various constrains and provided that they have informed

conceptions of NOS. Also, research literature clearly

indicates that students, teachers, lay people, and even

scientists do not necessarily hold adequate conceptions

about many of the NOS aspects (Irez 2006; Karakas 2008;

Lederman 1992; McComas 1998; Schwartz 2004). Simi-

larly, this study supports this claim and reveals that

majority of the participants in this research also held some

inadequate conceptions about NOS. This study suggests

that if we have a communication between science educa-

tors and faculty who teach introductory science classes, the

later can be convinced to incorporate some NOS aspects in

instruction, and having better communication between the

two will make both of them aware of each others goals and

concerns while teaching novice students. Thus, more close

collaboration between scientists in art & science and sci-

ence education departments is recommended in designing

curricula, reading and sharing of literature, and establishing

workshops and conferences that discuss strategies for

reforming undergraduate science education, specifically in

the area of NOS.

Another important finding is the need for reducing the

size of introductory science classes to allow for more

meaningful instruction and incorporation of new, innova-

tive teaching styles where students will have more

opportunities to become engaged with the material. This

finding suggests that undergraduate science education

should be reorganized into small discussion type classes

where students can work in groups toward conceptual

change in their views about certain science concepts and

toward greater understanding on the workings of science.

Max and Chris’ teaching reveal that even in a very large

class some group work can be incorporated in a lecture,

however instructors should be shown how to do it and if the

class size is reduced utilizing group work could be much

easier. This in turn would help instructors incorporate some

NOS aspects in these group activities. The problem of lack

of professor who can teach these courses, as pointed out by

Chris and Jack, could be overcome by hiring adjunct

instructors, who are in the last stages of getting their PhD

degrees, or by hiring PhD students from the science edu-

cation departments with the appropriate undergraduate

degrees.

Appendix 1

In my interviews I asked my participants questions, such

as the following:

Where are you from?

Where did you finish your elementary, middle, and high

school education?

What type of school did you go to (public, private, home

schooling etc.)?

Where did you go for undergraduate education?
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Where did you go for master’s education?

Where did you go for PhD education?

Do you have post doctorate?

How long have you been teaching this course?

Did you teach science classes anywhere else, different

from this institution?

Looking back at your high school or college years how

would you describe the best science teacher or teachers

you had? Why was he/she so good?

Can you describe her/his or their best qualities?

What interested you in science?

How do you define science?

Why did you choose this particular field of science?

How did your family affect you in pursuing science?

How did your educational experience prepare you to

understand science?

What kind of science books do you read for enjoyment?

What scientific controversies have you followed?

How do you know something is science or scientific?

How do you see scientists do science?

How would you describe the role of creativity in

science?

How would you compare science and religion?

How would you compare science and art? How are they

similar and different?

How would you compare theory and law in science?

How are inferences and observations in science different

and how are they similar?

What goals do you have for your students?

What do you want your students to know about -

science?

- research process?

- generation and verification of knowledge?

How do you evaluate your students’ understanding of

science before they came here?

What kind of strategies do you use to teach about nature

of science?

How do you or do you incorporate the history of science

in your instruction?

How do you or do you incorporate other cultures’

contributions to science?

How do you or do you use nature of science examples as

explanations in your introductory science course?

How do you assess your students’ understandings of

NOS?

How do you think we can make students more aware of

how science works?

How do you think we can make students more scien-

tifically literate?

What role do you see yourself playing in teacher

preparation with regard to future teachers’ understanding

of NOS?
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