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Abstract

Textbooks have a specific importance since they are used as the main instruciorence textbooks. Yet, gross misconceptions in textbooks have gone
material. It is important to know that whether commonly used textbooks are adequatedetected (Odom, 1993). Students frequently demonstrate
in terms of content and presentation. This study was performed to examine whethéisconceptions of biological concepts that can be related to textbook
chapters on “photosynthesis” and “respiration” in the Biology-3 textbooks, that arelesign (Bystong, 1987). High school biology textbooks fail to make
used in secondary schools in Turkey are sufficient in terms of scientific content or bdg ideas comprehensible and meaningful to studentsz¢R & RoTH,
We provide examples of the identified misconceptions along with their more accept@®3). Science textbooks were found to be inadequate for determin-
alternatives. As a result, it was determined that biology-3 textbooks are insufficienilg and remedying misconceptions; in some subjects the textbooks
respect of scientific content. We recommend that biology-3 textbooks must be impréretuded some parts that would cause misconceptiong(kzer et
by correcting the scientific content. al., 2008). Sorey (1991) decided to warn readers against believing
Key wordshiology-3 textbooks, Scientific content, Photosynthesis, Respiration. what _they_ _rea(_j In science t.ethOOks because of .the large number of
oversimplifications and outright errors they contaimoGnd KaHLE
(1984) showed linear relationship between student achievement and
Resumen textbook content.

Los libros de texto tienen una importancia especifica puesto que se utilizan comol NiS paper’s focus is on selected misconceptions, alternative concepts
material principal de la instruccion. Es importante saber que si los libros de tex@'d topics of confusion about photosynthesis and respiration in biology
cominmente usados son adecuados en términos de contenido y de presentacion&X00ks. Rather than a criticism of biology textbooks, this study is in-
Este estudio fue realizado para examinar si los capitulos de la “fotosintesis” y detfinded to share ideas with colleagues, teachers, students, publishers and
“respiracién” en los libros de texto Biology-3 que utilizaron para la escuela secundarifeXtbook authors with the goal that we all become more effective in using
en Turquia, es suficiente en términos de contenido cientifico o, no. Para estoDiJ0gy textbooks to promote learning. o ) .
proporcionan ejemplos de las ideas falsas identificadas junto con sus alternativas ma§or the purpose of this study “misconception” is defined as an idea that
aceptables. Consecuentemente, fue determinado que los libros de texto Biology-3Ss6Harly in conflict with scientific conceptions and is therefore inadequate.

escasos en lo que se refiere a contenido cientifico. Se recomendé mejorar los librod/gedefined “alternative conception” as an idea which is neither clearly
texto Biology-3 corrigiendo el contenido cientifico. conflicting nor clearly compatible with scientific conceptions but which

Palabras clavebiologia, libros de texto, contenido cientifico, fotosintesis, respiraciérgi:Alltslgng).Value and is therefore not necessarily wromgugaLa &
The main research question in this study was “are there any miscon-
INTRODUCTION ceptions and alternative concepts about photosynthesis and respiration
Textbooks as instructional material guide teachers in topic selection d@ndbiology textbooks.” Owing to this study, we expect to show that
provide ways to teach those topics. Textbooks serve to provide the learigtbooks contain factual inaccuracies and mediocre explanations of con-
with the opportunity to consolidate his/her understanding independen@g¢pts.
of the teacher (Jones, 1997). Gottfried and Kyle (1992) have shown t
the textbook pl(ays a central) role in the teach>i,ng (of sci)ence and that mTHODOLOGY
science curriculum is often designed around the structure of a textbookWe report here a study in Turkey in which we analysed biology text-
The textbook for a biology course is the most consistently visible windoooks. The following textbooks were searched for photosynthesis and
on the biologist's profession. Like the adorned prow of a sailing vessegspiration:
this general textbook characterises the ship known as biolagyr(REe et - -
al., 1990). The textbook is the most significant tool an instructor has i e Author(s) Publisher Date | Code
teaching biology and is a principal means by which the public learns of tfBlology-3 Sagdyg, Bulut, Korkmaz ~ MNE publicatio 2008 A
progress, thoughts, and aspirations of the discipline called BiologBiology-3 Berker, N MEGA publication 2000 B
(BLysTonEg, 1987).
If a textbook is the primary resource for information and course design These textbooks coded as “A” and “B”. They are a secondary (11th
in biology class, it is important for the textbook to meet the needs of theade) biology textbook in Turkey. Only these textbooks were formally
teacher and student (KcHig, 1995). As a general rule, the best-sellingaccepted in Turkey, so these two textbooks were used in this study.
books tend to succeed on some simple features: they tend to be bettefor analysis of data, we followed the study bgivsoLa and Busa
written, better organized, more accurate, and more pedagogical than t(®996). First, each text was read for meaning and overall organization of
competitor (lewis, 1998). ideas. We examined the book page-by-page. We tabulated the identified
Why haven't students learned the content of science? One waynsconceptions. Two senior lecturers in biology and education validated
answer that question is to ascertain the source of most of thi® identified conceptions together with the suggested alternatives. We
information. From studies investigating instruction in the sciencasked them to evaluate the correctness or acceptability of our classification
classroom, research has found that textbooks have played a majbthe identified conceptions as either misconceptions or alternative con-
role (Lloyd, 1990). Student misconceptions may be compounded bgptions based on the definitions given earlier.
textbooks. In addition, the problem is accentuated when more than
90% of all science teachers use a textbook 95% of the timBRESULTS AND DISCUSSION
Furthermore, textbooks may be a teacher’s only source of information Textbooks were found to contain incorrect and alternative concepts. We

and may promote misconceptions among science teachers. Moreoygésent below alternative conceptions and misconceptions along with the
most of the effort in science education has been centered on writi§@ggested acceptable explanation.
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Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
A-B Anaerobe Anaerobe respiration is Fermentation is a catabolic process that makes a limited amount of ATP from glucose  without an
respiration and the same as fermentation. | electron transport chain and produces a characteristic end -product, such as ethyl alcohol or lactic
fermentation This is incorrect. acid. Anaerobic respiration is a catabolic process in which a substance other than oxygen serves as
the final electro n acceptor for the reactions. Fermentation is an anaerobic pathway that includes
glycolysis, but it should not be called anaerobic respiration because no electrons flow through a
membrane driving ATP synthesis (Storey, 1991).
2-
Misconceptions/ Acceptable Explanation
Textbook | Subtopic | Alternative Concepts
A NAD NAD is an enzyme that carries H and O,. This is | Because of the chemical structure of NAD, it can not transport O,. It can carry
incorrect. electrons and protons (H').
3-
Misconceptions/ Acceptable Explanation
Textbook . Alternative Concepts
Subtopic
A Chlorophyll | Granaand granum were Plural of granum is grana. Thylakoids are stacked like poker chips, forming structures called grana
confused. (singular, granum).
4-
Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
A-B Photosynthesis | Photosynthesis’ phases are Photosynthesis takes place in two separate but dependent series of steps: the light dependent phase
the light phase and the dark | and carbon reduction phase. The d ark phase name is confusing as it implies that photosynthesis
phase. occurs in the dark in green plants. Carbohydrate production from CO, does not occur in the dark in
green plants.
5.
Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
A Photosynthesis | Water’ quantity from factors that effects to photosynthesis is a Water’ quantity is an environmental factor not hereditary factor
hereditary factor. It is error. that effects to photosynthesis.
-6-
Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
B Photosynthesis | One of the necessary for photosynthesis is minerals. | Necessary for photosynthesis are H,O and CO,. Minerals = supply the
It is inaccurate. 1 that are required by plants.
7-
Misconceptions/ Acceptable Explanation
Textbook | Subtopic | Alternative Concepts
B Energy Living organisms use energy’ sources with | Cells trap and use energy. Living organisms use energy sources in their cellular
their organ’ systems. This is ambiguous pathways. Whatever manipulation and transformation about energy occurs at the cellular
level (not organ level).
8-
Misconceptions/ Acceptable Explanation
Textbook Subtopic Alternative Concepts
A-B Photosynthesis Cyclic and noncycl ic pathways Whereas some living organisms use both pathway s, some use only one pathway.
happen in a sequence. Firstly cyclic | For example: ph otosynthetic bacteria use only the ¢~ yclic photophosp horylation
and later noncyclic pathways occur. | pathway. Advanced plants use both pathways, but only the cyclic
But, it is not in this way. photophosphorylation pathway or noncyclic photophosphorylation pathway in
some cases.
9.
Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
A Aerobe All of examples that are given for aerobic | Breathing is a term conventionally used to describe the visible, mech anical intake
respiration respiration are about humans breathing The | (inhalation) and expulsion of air (exhalation) involved in aerobic respiration with the
textbook regarded breathing as synonymous | aid of the vertebrates” lungs or tracheae of some insects. For aerobic respiration, most
with respiration. This is a misconception. plants also exchange gases by taking in and sending out air by simple diffusion through
the lenticels in their stems and the stomata in their leaves (Soyibo, 1995).
-10-
Misconceptions/ Acceptable Explanation
Textbook Subtopic Alternative Concepts
A-B Photosynthesis Photosynthesis’ equation: 12H,046C0, 605+ CsHn0g + 6H,0 or
) ——————— =
6H:0+6C0; Coli20s | 50100y e 02+ (CH,0)H0
This equation 13 net consumption of AP .
. . H,0 appears on both sides of the equation because 12 molecules are
water. This equation causes the consumed and 6 molecules are newly formed during photosynthesis
misconception that students may think the Y ep Y )
oxygen given off by plants is derived from
CO, and not water. This is untrue as the
oxygen given off by plants is derived from
water.
11-
Misconceptions/ Acceptable Explanation
Textbook | Subtopic Alternative Concepts
A-B Aerobe Total net energy yield of Two electrons of NADH captured in glycolysis are passed either to NAD * or to FAD from within the
respiration aerobic respiration is 38 cytoplasm to mitochondrion/ia If the electrons are passed to FAD, only 2 ATP can result from each
molecules of ATP. cytosolic NADH, If the electrons are passed to NAD, only 3 ATP can result from each cytosolic
NADH,, Hence, total net energy yield of aerobe respiration is 38 ATP or 36 ATP.

Textbooks support the curriculum for
science courses. The textbook, therefore,
becomes one of the major sources of
information and, perhaps,
misconceptions (Go et al., 1985).
BLysTtonE (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 translationa(@L,
1999; FsHERr, 1985).

Respiration is one of the biology
topics that many students regard as
difficult to understand (HsLam &
TreacusT, 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 (Brrass, 1984).
Soyibo (1995) analysed science text-
books for presentations on respiration.
He identified defects in the textstdgey
(1991) identified misconceptions about
respiration and fermentation and Storey
(1989) identified misconceptions about
photosynthesis in biology textbooks.
Seymour and Loncpen (1991) studied
about connection and confusion of
respiration- breathing. In this study,
some identified defect are similar with
Soviso (1995), $vymour and LONGDEN
(1991) and %orev (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). Ritzimis (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 | will identify
other misconceptions, inadequacies and
alternative concepts that seem biology
textbooks.
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