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Abstract 

The poor academic performance in biology has been attributed to several misconceptions that exist in 

biology textbooks which originates from the use of traditional/expository teaching method and the use 

of traditional/expository texts. Researchers have noted that for meaningful learning to occur, the 

prior knowledge of the learners must be considered and reorganized. Refutational text is one such 

text that addresses the prior knowledge of learners. In light of the above, this study seeks to 

investigate whether the commonly used biology textbooks employed in teaching biology in secondary 

schools in Edo State have the features of refutational texts in them. Survey research design was used 

to achieve the purpose of this study. Four commonly used biology textbooks were selected for this 

study. Texts from photosynthesis and respiration in plants were extracted from the textbooks and 

analyzed by 300level biology students from the Faculty of Education, University of Benin. The 

students rated the text by identifying the extent to which the texts on photosynthesis and respiration in 

plants had refutational texts features. Data were administered, collected and analysed. Findings 

revealed that the four texts from the commonly used biology textbooks on photosynthesis and 

respiration did not have refutational text features. It was therefore conclude that the commonly used 

biology textbooks in teaching photosynthesis and respiration in plants do not have the ability to 

address misconceptions which are very many in the topic of photosynthesis and respiration in plants 

and also reduce the poor academic performances witnessed in biology examinations. The researcher 

recommends that Federal Ministry of Education should equip the curriculum planning department of 

their institution to ensure that textbooks for teaching biology should address student’s likely 

misconceptions.  
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INTRODUCTION 
Biology is one of the courses of study in science education curriculum and an important subject 

not only for studying how living things work, but to benefit human beings. Biology education equips 

learners with the basic knowledge and skills that are essential in the study of medicine, pharmacy, 

Nursing, Brewing, Microbiology and other related disciplines. However, achievements in biology 

over the years, have been poor. For example, the West African Examinations Council Annual Report 

shows that less than 50% of candidates passed biology at credit level and above between 2000 and 

2004 (Obamanu & Adaramola, 2011).  

Several reasons have been given for the poor academic performances of students. These reasons 

include; student’s socio academic status, lack of teachers in relevant subject areas, lack of teaching 

materials, underdevelopment of school infrastructure especially in public schools, poor understanding 

of concept, misconceptions, teaching methods etc. However, one major area that has further need to 

be explored is the contents of the textbooks commonly used in teaching of biology. Extant findings 

by (Yore, 1991) has revealed that textbooks are the dominant method of science instruction in 
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secondary schools. Furthermore, Soyibo (1987) stated that most teachers in Nigeria depend on 

expository texts (Biology Textbooks) for teaching. Research have shown that several textbooks may 

include many errors and incorrect information (Storey, 1991, 1992). In his study, Ceren (2003) 

discovered several misconceptions in textbooks, 18 misleading terms and 17 of such misconceptions 

were found in the topic of photosynthesis and respiration alone. Anjum (2008), noted in his study that 

textbooks are one of the causes of misconceptions and such were also identified in five ordinary level 

expository texts in biology used in Nigeria and elsewhere. 

   

Misconceptions can be defined as ‘a perception of phenomena occurring in the real world which 

is not consistent with the scientific explanation. It is important to note that as people attempt to make 

sense of the world, they develop personal knowledge structures. These structures often contain 

misconceptions, inaccurate or incomplete information that are highly resistant to change. Since 

textbooks are the dominant resource for scienceinstruction in most classrooms, text-based methods of 

facilitating conceptual change needto be examined. It therefore becomes necessary to provide 

student’s opportunities and interventions to help change such misconceptions especially those 

misconceptions which originate from textbooks.Broughton(2012) in line with Posner conditions for 

conceptual change believe that interventions such as discussion, demonstration, concept mapping, 

reading of conceptual change texts, narrative texts and Refutational texts are effective strategies 

because they promote high cognitive engagement. 

 

Refutational text as a conceptual change intervention in teaching biology has been found to be 

effective in clearing misconceptions. Refutational text can be defined as a written passage that 

describes a certain misconception, argues why it is incorrect, and then explains the scientifically 

correct concept. Refutational texts are designed and structured to state a common misconception, 

explicitly refute the misconception, and then present the accepted scientific viewpoint as a plausible 

and fruitful alternative. Often the format includes a written passage that describes a certain 

misconception, argues why it is incorrect, and then explains the scientifically correct view. 

Refutational text presents the commonly associated alternative conception, refutes it by explaining 

why it is not a scientifically acceptable concept, and provides an explanation of the scientific 

conception. Guzzetti (1997) have proposed that the effectiveness of refutational text lies in its ability 

to create cognitive conflict by contrasting the correct ideas with the incorrect ones.  

 

However, in Nigeria, no research has been carried out on refutational text. None have 

investigated the characteristics of refutational text in textbooks. This study therefore tends to 

investigate the format in which biology textbooks is written in photosynthesis and respiration in 

plants. It specifically analysed recommended biology textbooks used in Nigerian Secondary Schools 

as recommended by WAEC syllabus. This study investigated whether these biology textbooks are 

refutational in nature. Refutational texts highlights misconceptions, the texts refutes and explain 

scientific views of a concepts. Therefore, do biology textbooks inform teachers of the likely 

misconceptions (ideas) that students have on the concept of photosynthesis and respiration in plants? 

Do biology texts refute these misconceptions?  Lastly, the study investigated if the texts explains why 

the misconceptions found therein are incorrect, providing the scientific view. This study is therefore 

an analysis of the features of refutational text in senior secondary school biology textbooks in Benin 

City.  

 

Statement of Problem  

Poor academic performance in biology has been attributed to various factors including educators, 

their teaching methods, teaching materials, socioeconomic background of students, lack of teaching 

materials etc. Misconceptions have also been identified as another reason for the poor performances 

witnessed amongst students. The sources of misconceptions have been examined to include the use of 

traditional teaching method in which expository texts are used for teaching (Bimbola 2010).It is 
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therefore important to identify these misconceptions and develop strategiesto provide student with the 

accurate conceptual knowledge. If these misconceptions are not detected and corrected immediately, 

they will adversely affect the students' subsequent learning. 

 

In a study, Barbara J. Guzzetti Cynthia R. Hynd Stephanie A. Skeels Wayne 0. Williams (1995) 

asked the following questions; “Why is it that students don't like using their science textbooks? Are 

certain types of texts liked more than others? Are some types of texts more believable? What do 

students find confusing about textbooks and the way information in textbooks is presented? How 

would students like to see their textbooks improved?” 76% of the honors students reported that they 

never or rarely used the textbook beyond completing the assigned problems in each chapter. This may 

be due to the fact that textbook do not really relate with student’s prior knowledge. So the students 

see the textbooks as just a tool to help them give back what will satisfy the teachers. This becomes 

worrisome because science teachers and students rely heavily on science texts for most of their 

teaching and learning respectively. 

In addition to the general criticisms, expository textbooks contain too many concepts and present 

ideas in a list-like fashion. Textbooks have been criticized specifically for their inability to effect 

conceptual change (Blakslee, Anderson, & Smith, 1991).Researchers have noted that for meaningful 

learning to occur, the prior knowledge of the learners must be recognized and considered. The 

conceptual change approach proposes that if students are to change their ideas they must become 

dissatisfied with their existing conditions (dissatisfaction), new concepts must provide a better 

explanation and be understandable (intelligible), these concepts must appear to propose solutions to 

problems and must be in accordance with knowledge in other ideas and be believable (plausible), and 

they must lead to new insights and have (Posner et al, 1982). Refutational text is one such text that 

addresses the prior knowledge of learners and are very effective in changing students' 

misconceptions.  

 

This study investigated whether the commonly used biology textbooks employed in teaching 

biology in secondary schools in Edo State have the features of refutational texts in them. Do biology 

textbooks used in secondary school’s state/highlight the misconceptions students may have in 

photosynthesis and respiration in plants? Are there biology textbooks that refute misconceptions that 

may exist in photosynthesis and respiration in plants?  

 

Research Questions 

The following research questions was raised: 

1. To what extent do biology texts on photosynthesis and respiration have Refutational Texts 

features in commonly used biology textbooks in secondary schools? 

2. Is there a significant difference in the refutational texts characteristics of different textbooks 

used for teaching photosynthesis and respiration in plants in secondary schools? 

3. Is there a difference between male and female rating of the refutational text characteristics of 

the different textbooks commonly used for teaching photosynthesis and respiration in plants in 

secondary school? 

 

Null Hypotheses  

Research question one was answered while research question two and three were hypothesized as  

follows; 

1. There is no significant difference in the refutational texts characteristics of different 

textbooks used for teaching photosynthesis and respiration in plants in secondary schools. 

2. There a difference between male and female rating of the refutational text characteristics 

of the different textbooks commonly used for teaching photosynthesis and respiration in 

secondary school. 
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Methodology 

The survey research design was employed for this study to access the opinions of the 

respondents to establish which biology textbooks had features of refutational texts on photosynthesis 

and respiration in plants. The variables for this study are refutational texts features (Independent 

Variables) and the four texts extracted from the four biology texts books are the (Dependent 

Variables).The population for this study consisted of eight (8) biology textbooks commonly used for 

teaching biology in Senior Secondary Schools in Edo State as approved by the Ministry of 

Education. However, the simple random technique was used to select the four (4) biology textbooks 

for this study. The instrument called Refutational Text Characteristics Instrument (RTCI) was 

developed and employed as the survey instrument for data collection. The instrument was designed 

to accommodate the desired outcome which reflects the characteristics and features of the 

refutational texts under investigation. 

RTCI is a six paged instrument made up of three parts. The first part (Page 1) made up of two 

sections sought information about the sex of the rater (student). The second section of the first part of 

the RTCI consists of six Likert scale questions ranging from Highly, Moderately, Lowly to None. 

These four options measured the extent to which a question asked applied to the individual rater. The 

second part (Page 2) of the RTCI is a list of common ideas (misconceptions) on photosynthesis and 

respiration that students may likely come into the classroom with. These common ideas are the items 

the raters are to look out for in the texts on the third part (Page 3-4) of the RTCI. The third part of 

RTCI is made up of four pages texts on photosynthesis and respiration in plants extracted from each 

of the four biology textbooks been investigated in this study. The reliability co-efficient of RTCI was 

found to be 0.81 using Inter-Rater Analysis on a pilot test was carried out using five (5) secondary 

school biology teachers that were not sampled for the study as they were not part of the main study. 

Research question one was answered using Descriptive statistics of mean and standard deviation, and 

percentages while the hypotheses were tested using One Way Analysis (ANOVA) and t-test of 

independent samples at 0.05 significance level.   

 

Result 

Research Questions One: To what extent do biology texts on photosynthesis and respiration 

have Refutational Texts features in commonly used biology textbooks in secondary schools?The 

extent to which biology texts on photosynthesis and respiration have Refutational Text features is 

summarized in table 1. 

 

Table 1: Biology Texts on Photosynthesis and Respiration with Refutational Text Features 

TEXTBOOK Frequency Percent 

COLLEGE 

BIOLOGY 

Low Extent  

High Extent  

29 

1 

96.7 

3.3 

ESSENTIAL 

BIOLOGY 

Low Extent  

High Extent  

29 

1 

96.7 

3.3 

MODERN 

BIOLOGY 

Low Extent  

High Extent  

29 

1 

96.7 

3.3 

NELSON 

BIOLOGY 

Low Extent  

High Extent  

29 

1 

96.7 

3.3 
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From Table 1, the responses from 29 of thirty 30 students showed that the four textbooks had 

low extent of refutational text features.  Only one student answered that the four textbooks on 

photosynthesis and respiration in plants had refutational text features. Figure 1 shows a graphical 

representation of the Biology Texts on Photosynthesis and Respiration in plants with Refutational 

Text Features. 

 

 
Figure 1: Biology Texts on Photosynthesis and Respiration with Refutational Text Features 

 

From the illustration in figure 1, the percentage of textbooks with low refutational text features was 

very high at 96.7%. This shows that most biology textbooks on photosynthesis and respiration in 

plants do not inform users such as teachers and students that misconceptions exist in the topic. The 

textbooks do not refute these misconceptions and they do not explain the scientific views of the 

misconception that exist in the topic of photosynthesis and respiration in plants. 

 

Null Hypothesis 1: There is no significant difference in the refutational texts characteristics of 

different textbooks used for teaching photosynthesis and respiration in secondary schools. 

Table 2: Summary of Mean Score and Standard Deviation of the difference in textbooks with 

refutational text features. 

Textbooks              Mean                          SD 

College Biology 4.30 2.28 

Essential Biology 4.10 2.11 

Modern Biology 4.33 2.51 

Nelson Biology 3.80 1.67 

Total 4.13 2.15 

  

From table 2, the results of the analysis showed that Modern biology textbook showed the 

highest mean score of 4.33 with a standard deviation of 2.51; while the College biology showed a 

mean score of 4.30 with a standard deviation of 2.27. Essential Biology showed a mean score of 4.10 

while Nelson biology showed the lowest mean score of 3.80 with standard deviations of 2.107 and 
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1.669 respectively. The One-Way Analysis of Variance (ANOVA) was used to text if the observed 

differences in the mean scores were significant. The result is presented in table 3. 

 

Table 3: ANOVA for the differences in textbooks with refutational text features 

  Sum of Squares df MS f Sig. 

Between Groups 5.400 3 1.800 .385 .764 

Within Groups 542.467 116 4.676   

Total 547.867 119    

 

From table 3, the results shows that there is no significant difference in the refutational texts 

features of different textbooks used for teaching photosynthesis and respiration in secondary schools 

at 0.05 level of significance. The calculated f=value of 0.385 (df=3,116) is not significant at 0.05. 

This means that there is no significant difference in refutational text characteristics of the different 

text on photosynthesis and respiration from the different book. Therefore, the null hypothesis which 

states thatthere is no significant difference to which the different texts on photosynthesis and 

respiration in plants have refutational texts characteristics is retained. 

 

Null Hypothesis 2: There a difference between male and female rating of the refutational text 

characteristics of the different textbooks commonly used for teaching photosynthesis and respiration 

in plant in secondary school. 

 

Table 4: Summary of t-test analysis of the difference between male and female students’ rating of the 

biology textbooks for refutational text features. 

Textbooks      Gender N Mean SD df Mean 

Difference 

t Sig.(2 

tailed) 

College 

Biology 

Male 

Female 

11 4.09 1.45 28 -.33 -.377 .709 

19 4.42 2.67     

Essential 

Biology 

Male 

Female 

11 3.64 .809 28 -.73 -.915 .368 

19 4.37 2.57     

Modern 

Biology 

Male 

Female 

11 4.00 1.27 28 -.53 -.547 .589 

19 4.53 3.03     

Nelson 

Biology 

Male 

Female 

11 3.82 1.17 28 .03 .045 .965 

19 3.79 1.93     

 

Table 4 shows the mean difference and standard deviation value between the male and female 

students’ rating of the Refutational Text features of different textbooks used for teaching 

photosynthesis and respiration in secondary schools. The male students rating of Modern biology 

textbook showed a mean score of 4.00 with a standard deviation of 1.27 and the female students 

rating of the same textbook showed a mean value of 4.53 and a standard deviation value of 3.03; 

while the male students’ rating of College biology showed a mean score of 4.09 with a standard 

deviation of 1.446 compared with the female students’ rating of the College Biology textbook which 

revealed a mean score of 4.42 and standard deviation of 2.673. 

Table 4 also shows a calculated t value of -.377, df 28 significant at 0.709 alpha level. Since 0.709 is 

greater than 0.05, the rating of male and female students on College Biology is not significant. 

Results of the rating of male and female students of Essential Biology revealed a t-value of -0.915, df 

28 and a significant value of 0.368 at alpha level of 0.05. It therefore can be concluded that there is 

not significant difference between male and female rating of refutational text characteristics of the 
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different biology textbooks because 0.368 is greater than 0.05. The same result was also recorded for 

Modern and Nelson biology textbooks which showed 0.589 and 0.965 levels of significance at 0.05 

respectively by male and female students rating of the texts for refutational texts characteristics. 

Therefore, it can be concluded that there was no significant difference between male and female 

students’ rating of the refutational Text characteristics of the four texts on photosynthesis and 

respiration in commonly used biology textbook. Hence, the null hypothesis which states that there is 

no significant difference between male and female students’ rating of the Refutational Text 

characteristics of different textbooks used for teaching photosynthesis and respiration in secondary 

schools is retained. Figure 2 is an illustration of the t-test analysis of the difference between male and 

female students’ rating of the biology textbooks for refutational text features. 

 
Figure 2: t-test analysis of the difference between male and female students’ rating of the 

biology textbooks for refutational text characteristics. 

 

Discussion of Findings 

The focus of this study was to find out if the biology textbooks commonly used in Senior Secondary 

Schools in Nigeria have features of a Refutational Text. The Features of a Refutational Text are; 

1. The text must inform its user (teacher and student) the likely misconception in the concept 

been taught. 

2. The text must refute the likely misconceptions in the concept been taught 

3. The text must provide the correct scientific view of the concept been taught 

The results for research question one showed that, from the rating of the texts on photosynthesis and 

respiration in plants by the students revealed that the four commonly used textbooks (College 

Biology, Essential Biology, Modern Biology and Nelson Biology) did not have the features of 

Refutational Texts in them. It therefore means that the textbooks are more expository in nature.  

The students who rated the texts from the textbooks had the view that the four texts each of them read 

did not inform them that students had misconceptions on photosynthesis and respiration in plants. The 
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texts did not have features refuting misconceptions neither did the texts provide any scientific view 

on the topic of photosynthesis and respiration in plants.This is expected, because the text did not 

inform teachers of likely misconceptions that are associated with the topic of photosynthesis and 

respiration in plants.This finding is in agreement with several studies that have opined that most 

textbooks used by teachers and students in sciences are none refutational in nature. The commonly 

used biology textbooks for teaching photosynthesis and respiration in plants are not designed to 

address students’ existing ideas. The results also support(Guzzetti et al., 1992) assertion which stated 

that textbooks typically contain very little refutation text characteristics. In addition, an examination 

of 40 recent awardwinning children’s science information tradebooks indicated that therefutation text 

structure is not widely used in current children’s scienceinformation tradebooks (Tippett, 2009). This 

could be a reason for the poor progress of the students exposed to traditional instruction who might 

appear due to acquiring scientific conceptions with the continued presence of the alternative ideas in 

their conceptual framework. Omoifo (2012) opined that SSCE examination performance in science 

subjects keeps assuming a downward trend. Several investigations have shown that the likely factors 

contributing to this poor academic performances in the sciences is as a result of the effect of 

alternative conceptions that students’ have (Urevbu 1990, Jegede & Okebukola, 1988 and Omoifo, 

2007).  

Science texts are difficult to understand, especially for young, elementary school children. One 

possible reason for these difficulties is that science texts which are expository in nature do not take 

into consideration children’s incompatible prior knowledge and their possible misconceptions 

(Mikkila-Erdmann, 2002; O’Reilly & McNamara, 2007). Expository texts seek to provide facts in a 

way that is educational and purposeful. Biology textbooks such as Modern Biology, Nelson Biology, 

College Biology and Essential Biology which were analysed for this study and many others 

recommended for teaching in secondary schools in Nigeria are examples of expository texts. The 

authors of these texts write them with a purpose of informing the reader. In situations where an 

expository text presents counter-intuitive scientific information which may not be supported by 

reader’s background knowledge, the use of refutation texts - the texts that acknowledge students’ 

alternative conceptions and then explicitly refute them produces better understanding results than 

non-refutation texts (Broughton & Sinatra, 2010). 

The results of hypothesis one revealed that, there is no significant difference in the refutational texts 

characteristics of different textbooks used for teaching photosynthesis and respiration in plants in 

secondary schools. There was no difference to which the different texts on photosynthesis and 

respiration in plants have refutational characteristics. Since it has been established that none of the 

texts informed teachers and students of misconceptions, most of the student raters were of the view 

that the four texts refuted misconceptions lowly. The implication of this result is that students will 

have difficulty in restructuring their prior knowledge with the new knowledge which can lead to poor 

academic performances in the topic of photosynthesis and respiration in plants. The Piagetian notions 

of accommodation and assimilation and a recognition of the importance of prior knowledge 

contributed to the development of Posner et al.’s (1982) influential model of conceptual change. They 

noted the four conditions that must be met if conceptual change is to occur: prior knowledge must be 

identified as inadequate to solve the problem (dissatisfying), new information must be understandable 

(intelligible), new information must be useful in solving the current problem (plausible), and new 

information must appear useful in solving future problems (fruitful). This early conceptual change 

model by Posner et al. (1982) provided the theoretical framework for early refutation text research 

(e.g., Hynd & Alvermann, 1986a, 1986b). 

 

The findings to hypothesis 2 which states that there is no significant difference between male and 

female students’ rating of the Refutational Text characteristics of different textbooks used for 

teaching photosynthesis and respiration in plants in secondary schools established that there was no 
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significant difference. This means that all the students have the same opinion that the biology 

textbooks investigated did not have misconceptions stated, the texts did not refute any misconception 

and therefore no scientific view was explained. The implication of teachers solely employing 

expository biology texts as their only instructional or major aid for teaching becomes worrisome 

haven established from the studies above that most biology texts have several misleading terms and 

explanations which results in the misconceptions that students have in biology. The consequences of 

using the expository texts therefore exposes all students whether male or female to these 

misconceptions directly, there by influencing the thought patterns and their comprehension of 

biological and science concepts generally. This further highlights the reasons for the poor 

performances recorded in examinations in most science subjects. 

 

Conclusion 

Biology texts recommended for teaching biology in secondary schools in Nigeria do not 

reflect the features of a refutational text. Refutational text has been found to be one of the most 

effective teaching strategy for clearing misconceptions and creating conceptual change. The study has 

further revealed that biology texts used in Nigeria schools are expository in nature. The authors of 

these books only seeks to inform the learner and does not take into cognizance what the students 

already know. The implication of the continual use of expository texts like those reviewed in this 

study is that, the students will continue to have misconceptions on the concept of photosynthesis and 

respiration in plants. This will consequently translate into poor academic performances in their 

examinations. Refutation text explicitly states a misconception and then refutes it, readers who hold 

that misconception are more likely to recognize that their prior knowledge is incorrect or inadequate. 

A traditional expository text passage does not contain an explicit cue that a current belief is 

inaccurate, and if a reader does not recognize that a current belief is incorrect, there is little reason to 

change that belief. Refutation text can be viewed as an expert source, since both sides of an issue are 

presented, whereas traditional expository text presents only one side of an issue. The fact that both 

correct and incorrect information are contained in a text passage gives rise to the persuasive 

characteristics that are inherent in the refutation text structure (Hynd, 2001).  

Recommendations 

It is hereby recommended that: 

1. Students must be made to be aware that most of the biology texts that are available for 

learning and carrying out assignments are not sufficient for their study. 

2. Teachers and science educators should source for alternatives for teaching other than relying 

solely on textbooks. 

3. Teachers and science educators should plan their lesson in such a way that their lesson note 

can reflect refutational text characteristics. They can restructure their lesson note to address 

the likely misconceptions that students come into the class room with. 

4. Curriculum planners and developers should fashion out strategies to ensure that instructional 

textbooks recommended are based on conceptual change approach by considering the 

effectiveness of refutational texts in clearing misconceptions and its ability to improve 

learning as recorded by several decades of research.   

5. Curriculum developer should also monitor and ensure that authors of biology texts books and 

other science textbooks begin to change their writing pattern. They should ensure that the 

authors be made to improve their books by researching on the user’s alternative conceptions 

before writing their books. 
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