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Abstract

Textbooks have a specific importance since they are used as the main instruction
material. It is important to know that whether commonly used textbooks are adequate
in terms of content and presentation. This study was performed to examine whether
chapters on “photosynthesis” and “respiration” in the Biology-3 textbooks, that are
used in secondary schools in Turkey are sufficient in terms of scientific content or not.
We provide examples of the identified misconceptions along with their more acceptable
alternatives. As a result, it was determined that biology-3 textbooks are insufficient in
respect of scientific content. We recommend that biology-3 textbooks must be improved
by correcting the scientific content.
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Resumen

Los libros de texto tienen una importancia específica puesto que se utilizan como
material principal de la instrucción. Es importante saber que si los libros de texto
comúnmente usados son adecuados en términos de contenido y de presentación o, no.
Este estudio fue realizado para examinar si los capítulos de la “fotosíntesis” y de la
“respiración” en los libros de texto Biology-3 que utilizaron para la escuela secundaria
en Turquía, es suficiente en términos de contenido científico o, no. Para esto, se
proporcionan ejemplos de las ideas falsas identificadas junto con sus alternativas más
aceptables. Consecuentemente, fue determinado que los libros de texto Biology-3 son
escasos en lo que se refiere a contenido científico. Se recomendó mejorar los libros de
texto Biology-3 corrigiendo el contenido científico.
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INTRODUCTION
Textbooks as instructional material guide teachers in topic selection and

provide ways to teach those topics. Textbooks serve to provide the learner
with the opportunity to consolidate his/her understanding independently
of the teacher (Jones, 1997). Gottfried and Kyle (1992) have shown that
the textbook plays a central role in the teaching of science and that the
science curriculum is often designed around the structure of a textbook.
The textbook for a biology course is the most consistently visible window
on the biologist’s profession. Like the adorned prow of a sailing vessel,
this general textbook characterises the ship known as biology (BLYSTONE et
al., 1990). The textbook is the most significant tool an instructor has in
teaching biology and is a principal means by which the public learns of the
progress, thoughts, and aspirations of the discipline called Biology
(BLYSTONE, 1987).

If a textbook is the primary resource for information and course design
in biology class, it is important for the textbook to meet the needs of the
teacher and student (KUECHLE, 1995). As a general rule, the best-selling
books tend to succeed on some simple features: they tend to be better
written, better organized, more accurate, and more pedagogical than their
competitor (LEWIS, 1998).

Why haven’t students learned the content of science? One way to
answer that question is to ascertain the source of most of this
information. From studies investigating instruction in the science
classroom, research has found that textbooks have played a major
role (Lloyd, 1990). Student misconceptions may be compounded by
textbooks. In addition, the problem is accentuated when more than
90% of al l  science teachers use a textbook 95% of the t ime.
Furthermore, textbooks may be a teacher’s only source of information
and may promote misconceptions among science teachers. Moreover,
most of the effort in science education has been centered on writing

science textbooks. Yet, gross misconceptions in textbooks have gone
undetected (Odom, 1993). Students frequently demonstrate
misconceptions of biological concepts that can be related to textbook
design (BLYSTONE, 1987). High school biology textbooks fail to make
big ideas comprehensible and meaningful to students (POZZER & ROTH,
2003). Science textbooks were found to be inadequate for determin-
ing and remedying misconceptions; in some subjects the textbooks
included some parts that would cause misconceptions (KÜÇÜKÖZER et
al., 2008). STOREY (1991) decided to warn readers against believing
what they read in science textbooks because of the large number of
oversimplifications and outright errors they contain. CHO and KAHLE

(1984) showed linear relationship between student achievement and
textbook content.

This paper’s focus is on selected misconceptions, alternative concepts
and topics of confusion about photosynthesis and respiration in biology
textbooks. Rather than a criticism of biology textbooks, this study is in-
tended to share ideas with colleagues, teachers, students, publishers and
textbook authors with the goal that we all become more effective in using
biology textbooks to promote learning.

For the purpose of this study “misconception” is defined as an idea that
is clearly in conflict with scientific conceptions and is therefore inadequate.
We defined “alternative conception” as an idea which is neither clearly
conflicting nor clearly compatible with scientific conceptions but which
has its own value and is therefore not necessarily wrong (ABIMBOLA  &
BABA, 1996).

The main research question in this study was “are there any miscon-
ceptions and alternative concepts about photosynthesis and respiration
in biology textbooks.” Owing to this study, we expect to show that
textbooks contain factual inaccuracies and mediocre explanations of con-
cepts.

METHODOLOGY
We report here a study in Turkey in which we analysed biology text-

books. The following textbooks were searched for photosynthesis and
respiration:

   Title Author(s) Publisher Date Code

 Biology-3 Sagdýç, Bulut, Korkmaz MNE publication 2003 A
 Biology-3 Berker, N MEGA publication 2000 B

These textbooks coded as “A” and “B”. They are a secondary (11th
grade) biology textbook in Turkey. Only these textbooks were formally
accepted in Turkey, so these two textbooks were used in this study.

For analysis of data, we followed the study by ABIMBOLA  and BABA

(1996). First, each text was read for meaning and overall organization of
ideas. We examined the book page-by-page. We tabulated the identified
misconceptions. Two senior lecturers in biology and education validated
the identified conceptions together with the suggested alternatives. We
asked them to evaluate the correctness or acceptability of our classification
of the identified conceptions as either misconceptions or alternative con-
ceptions based on the definitions given earlier.

RESULTS AND DISCUSSION
Textbooks were found to contain incorrect and alternative concepts. We

present below alternative conceptions and misconceptions along with the
suggested acceptable explanation.
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Textbooks support the curriculum for
science courses. The textbook, therefore,
becomes one of the major sources of
information and, perhaps,
misconceptions (CHO et al., 1985).
BLYSTONE (1990) stated that there are
common failings in biology textbooks.
Only in the late 1980s and 1990s have
researchers focused attention on
alternative conceptions of students at
higher cognitive levels and
correspondingly investigated more bio-
chemical concepts, such as cellular
respiration, photosynthesis, cell division
and transcription and translation (CANAL ,
1999; FISHER, 1985).

Respiration is one of the biology
topics that many students regard as
difficult to understand (HASLAM  &
TREAGUST, 1987). This is partly due to
some misleading terms usually
associated with the topic, and the mis-
conceptions and misunderstandings
perpetuated about it by teachers and text-
books of biology (BARRASS, 1984).
Soyibo (1995) analysed science text-
books for presentations on respiration.
He identified defects in the texts. STOREY

(1991) identified misconceptions about
respiration and fermentation and Storey
(1989) identified misconceptions about
photosynthesis in biology textbooks.
SEYMOUR and LONGDEN (1991) studied
about connection and confusion of
respiration- breathing. In this study,
some identified defect are similar with
SOYIBO (1995), SEYMOUR and LONGDEN

(1991) and STOREY (1989, 1991).
On the basis of the findings of this

paper we suggest the following to science
teachers, students, publishers, textbook
authors and the Ministry of National
Education.

CONCLUSIONS AND
IMPLICATIONS

Attention must be given to the
cognitive design of biology textbooks
as it may relate to a potential for
misconceptions. Every biology teacher
knows, or strongly suspects, that the
textbooks they must use in their class-
rooms need to be reviewed and rewritten
to promote better scientific literacy
(NELSON, 2001). RUTZITIS (2003)
suggests that one of the main concerns
about teaching science at secondary
school and university is the design of a
new kind of textbook and tasks for
independent work for students so that
they develop their. Biology teachers
should carefully screen the textbooks that
will be used as reference materials during
biology. Teachers, publishers, scientists
and text authors should be in communi-
cation. Teacher education institutions
should encourage trainee teachers to
analyse textbooks to determine their
accuracy. Biology-3 textbooks can be
improved by correcting scientific content.

In subsequent articles I will identify
other misconceptions, inadequacies and
alternative concepts that seem biology
textbooks.

JOURNAL OF SCIENCE EDUCATION - Nº 2, Vol. 10, pp. 91-93, 2009, ISSN 0124-5481 - www.colciencias.gov.co/REC

Misconceptions and alternative concepts in biology textbooks: photosynthesis and respiration

C6H 12O6



   93

BIBLIOGRAPHY
ABIMBOLA  I. O. & BABA S., Misconceptions & alternative conceptions in science

textbooks: The role of teachers as filters. The American Biology Teacher, 58 (1),
start page 14, 1996.

BARRASS, R., Some misconceptions and misunderstandings perpetuated by teachers
and textbooks of biology. Journal of Biological Education, 18 (3), 201-
206, 1984.

Berker N. Biology-3. MEGA publication, 2000.
BLYSTONE, R. V., Collage introductory biology textbooks. American Biology Teacher,

49 (7), 418-425, 1987.
BLYSTONE, R. V.; BARNARD, K. & GOLIMOWSKI, S., Development of biology text-

books. Bioscience, 40 (4), 300-306, 1990.
CANAL , P., Photosynthesis and ‘inverse respiration’ in plants: an inevitable misconcep-

tion? International Journal of Science Education, 21 (4), 363-371, 1999.
CHO, H. H. & KAHLE, J. B., A Study of the Relationship between Concept Emphasis

in high School Biology Textbooks and Achievement Levels. Journal of Research
in Science Teaching. 21 (7), 725-733, 1984.

CHO, H.; KAHLE J. B. & NORDLAND. F. H., An investigation of high school biology
textbooks as sources of misconceptions and difficulties in genetics and some
suggestions for teaching genetics. Science Education, 69, 707-719, 1985.

FISHER, K., A misconception in biology: amino acids and translation. Journal of
Research in Science Teaching, 22, 53-62, 1985.

GOTTFRIED, S. & KYLE, Jr., W., Textbook use and the biology education desired state.
Journal of Research in Science Education, 29 (1), 35-49, 1992.

HASLAM, F.; TREAGUST, D. F., Diagnosing Secondary Students’ Misconceptions of
Photosynthesis and Respiration in Plants Using a Two-Tier Multiple Choice
Instrument. Journal of Biological Education, 21 (3), 203-211, 1987.

JONES C. L., Communicating through writing about processes in science. Journal of
Biological Education, 31 (1), 55-64, 1997.

Kuechle, J., Ecology: The Last Word in Biology Textbooks. American Biology Teacher,
57 (4), 208-210, 1995.

KÜÇÜKÖZER, H.; BOSTAN, A.; KENAR, Z.; SEÇER, S. & YAVUZ, S. Evaluation of Six
Grade Science Textbooks According To Constructivist Learning Theory. Elemen-
tary Education Online, 7 (1), 111-126, 2008.

LEWIS, R. The evolving role of the textbook in introductory biology. Bioscience, 48
(3), 197-201, 1998.

LLOYD, C. V., The elaboration of Concepts in Three Biology Textbooks: Facilitating
Student Learning. Journal of Research in Science Teaching, 27, 1019-1032, 1990.

NELSON, G. D., Biology Teachers Deserve Better Textbooks. The American Biology
Teacher. 63 (3), 146-149, 2001.

ODOM, A. L., Action Potentials & Biology Textbooks: Accurate, Misconceptions or
Avoidance? The American Biology Teacher, 55 (8), 468-472, 1993.

POZZER, L. L. & ROTH, W. M., Prevalance, Function, and Structure of photographs in
High school Biology Textbooks. Journal of Research in Science Teaching. 40
(10), 1089-1114, 2003.

RUDZITIS, G., Basic Principles Of The Secondary School Science Textbooks Develop-
ment. Journal of Science Education, 2 (4), 89-92, 2003.

SAGDÝÇ, D.; BULUT, O & KORKMAZ, S., Biology-3. MNE publication, 2003.
SEYMOUR, J. & LONGDEN, B., Respiration-That’s Breathing Isn’t It? Journal of

Biological Education, 25 (3), 177-183, 1991.
SOYIBO, K., Using concept maps to analyze textbook presentations of respirations.

American Biology Teacher, 57 (6), 344-351, 1995.
STOREY, R. D., Textbook errors and misconceptions in biology: Photosynthesis. The

American Biology Teacher, 51 (5), 271-274, 1989.
STOREY, R. D., Textbook errors and misconceptions in biology: Cell metabolism. The

American Biology Teacher, 53 (6), 339-343, 1991.

Received: 08-09-2008 / Approved: 15-02-2009

JOURNAL OF SCIENCE EDUCATION - Nº 2, Vol. 10, pp. 91-93, 2009, ISSN 0124-5481 - www.colciencias.gov.co/REC

Misconceptions and alternative concepts in biology textbooks: photosynthesis and respiration

Our group is focused on the study of  environmental factors (i.e. air
pollution,  sun exposure,  pesticides,  water pollution,  diet,  smok-
ing  etc)  that could cause serious health problems particularly to
children,  who constitute  a very sensitive population group.  Fur-
thermore,  we  are  interested in the use of Information and Commu-
nication Technologies (ICT) in relation to health issues (informa-
tion, educational interventions, etc). Classical and Molecular Epi-
demiological studies are carried out using suitable methodological
tools  such as questionnaires and Molecular Biology methods. Our
goal is to inform  and  educate  these  immediately  affected popula-
tions in order for  them  to take  suitable  preventive  measures
which will minimize the dangers.
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