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Abstract 
 

The research investigated the relationship of teachers’ conceptual 

knowledge of Biology with students’ achievement. The study was aimed 

at finding out the status of conceptual knowledge of teachers, its influence 

on students’ achievement, and its relationship with students’ achievement. 

The quantitative approach was used, or this research and a co-relational 

method was used to find relationships. The population of the study 

comprised of secondary-level biology teachers and their students of 10th 

grade.  The sample of this study consisted of Biology teachers and their 

students. Multi-stage sampling was done. It was made sure that sampling 

from girls and boys high/higher secondary schools of each cluster 

(Markaz) would not be less than fifty percent. The previous result of 

students of grade 9th was obtained from the Board of Intermediate and 

Secondary Education, Rawalpindi. A test comprised of multiple-choice 

items was developed and administered to biology teachers. Data were 

analyzed; by using percentages, averages, regression, graphs, and t-tests. 

Results revealed that there was a significant relationship of teacher 

conceptual knowledge of biology on students’ achievement. Teachers with 

higher conceptual knowledge tend to have students with greater 

achievement. It was also found that there was no significant difference in 

conceptual knowledge of male and female teachers. Research further 

showed that there was no gender effect on students’ achievement in 

biology. It was recommended that teachers’ conceptual knowledge may be 

updated. The research was carried out at the secondary school level.  

This kind of research may be conducted at a higher secondary school  

level as well.  
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Introduction 
 

In science, acquisition and categorization of the information is dependent 

on conceptual knowledge. Conceptual knowledge is the comprehension of 

main ideas and their connection with each other. Conceptual knowledge 

represents the knowledge that is needed for successful interaction with our 

surroundings. Conceptual knowledge includes the cognitive processes that 

make it easier to interact with environment (Hahn & Ramscar, 2001). 

Conceptual knowledge is not rote memorization, instead its learning 

involves thinking and intellectual activity. There are two categories that 

come under the heading of teacher knowledge. One of them is overall 

pedagogical knowledge and the second one is subject knowledge. Subject 

knowledge includes Knowledge of truth and reality, processes, concepts 

and their affinity, knowledge of principles and their application. A 

teacher’s conceptual knowledge is concerned with definition or relation of 

concepts of some field of inquiry.  

 Students’ achievements can be determined by looking at their grades 

or assessment. Most countries have standardized tests; aligned with 

country standards. Students’ growth can be assessed by their achievement. 

It shows their success and problems too. The best way of making a 

judgment about students’ knowledge is assessing the students’ 

achievement (Organization for Economic Co-operation and Development 

(OECD), 2010; and National Research Council (NRC), 2012). In order to 

enhance the students’ competency in science; knowledge of scientific 

concepts and linkage among these concepts based on main science-related 

concepts is necessary (National Research Council, 2012). Student’s 

achievement indicates how well a student has learned the subject matter 

within particular period of time. Instructional standards are provided to 

teachers for each grade. Standards are “to-do” which guides teachers 

during instructions. Focusing on instructional standards helps in 

enhancing teachers’ instructions. As a result, students’ achievement also 

increases (Carter, 2018). 

 Students’ achievement is one of the important factors under 

consideration while assessing the teachers’ effectiveness. Lipping (1999) 

reported that teachers’ conceptual knowledge helps the students in 

learning of the ideas on which their problem-solving abilities and future 

learning depends. Conceptual knowledge is a connected web of 

knowledge; a network in which the linking relationships are as prominent 

as the discrete bits of information. Research by Carnoy and Arends (2012) 

revealed that teachers’ knowledge positively influences pupils’ learning. 

According to the National Commission on Teaching and America’s Future 
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(1996) teachers’ know-how subject and subject-related skills have an 

impact on students’ achievement. Effective teaching results in better 

students’ achievement.  Ineffective teaching results in students’ lower 

achievement results (Hanushek and Rivkin, 2004). Teachers’ conceptual 

knowledge of the subject helps the teachers to engage students (Shepard 

et al., 2005). Teachers must have knowledge of the subject and psychology 

of their students (Hiebert, Carpenter, Fennema, Fuson &, Murray, 1997). 

 

Statement of Problem 
 

Presently, biology is being taught by teachers with different academic 

backgrounds. Some biology teachers have not studied science/biology at their 

degree level. Some of them have science degrees which are school subjects. 

Some have higher degrees but not in biology. Teachers differ in their 

biological conceptual knowledge. Hence, the researcher decided to study the 

relationship of teachers’ conceptual knowledge with students’ achievement. 

 

Objectives 
 

1. To find out the status of conceptual knowledge of biology teachers. 

2. To find out the relationship of teachers’ conceptual knowledge with 

students’ achievements. 

 

Review of Related Literature 
 

Saeed and Khalid (2002) reported that the proficiency of teachers is 

regarded as their knowledge, natural abilities, expertise, and character. 

Hargreaves (2000) found that students’ respect for the teachers and their 

performance is related with teachers’ attitudes and interest in the teaching-

learning process. Haider, Qasim, and Ameen (2015) reported that 

competence is a combination of knowledge, natural ability, and mental 

condition requisite for job performance. The capability of teachers 

includes practicable potential and skilled power to gain and retain 

knowledge. To serve in an educational setting in a productive way these 

characteristics are pre-requisite for teachers. Sali-Ot (2011) conducted 

research on teachers’ proficiencies and found that instructors possess great 

proficiencies in content knowledge. 

 Johnson and Johnson (2010) reported that a conventional learning 

environment does not support pupils in gaining the concepts, as mastery 

in practical work and attitude are the need of the hour to face the global 
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challenges.  According to Iqbal, Azam and Rana (2009); Faiz, (2011), 

there is a deficiency in knowledge of science-related subject matter and 

teaching methods. Research show that science teaching in Pakistan is 

nothing but the mere telling of facts. Focus is laid on reading and verbal 

explanation. No focus is laid on learning by doing to demonstrate 

concepts. 

 According to Paul and Kremer (2006) teachers’ knowledge is 

positively associated with pupils’ learning. A teacher must have multi-

dimensional personalities including the traits of knowledge, skills of 

motivation, and self-controlling skills (Baumert and Kunter, 2013). 

According to Rice (2003) teachers must have first-hand knowledge of the 

subject. Insufficient knowledge of the subject results in ineffective 

teaching. As a result, students show less motivation in learning. 

 Ehindero and Ajibade (2000) found that students’ learning is 

associated with their appreciation of teachers’ subject-related knowledge. 

Aboderin (2001) found that mastery of a major subject is pre-requisite for 

effective teaching. Eggen and Kauchak (2001) found that the best teacher 

possesses subject knowledge, knowledge of education-related terms, and 

knowledge of teaching methods. Kimani, Cheboswony, Kodero, and 

Misigo (2009) reported that insufficient conceptual knowledge of teachers 

is correlated with students’ learning. As a result, students lose their interest 

in learning (Adekunle, 2006).  

 According to National Professional Standards for Teachers in Pakistan 

(2009), teacher education is important for better educational outcomes. 

The effectiveness of a teacher is correlated with students’ achievement. 

No clear indications are available that which aspect of teacher impacts the 

intended outcomes most (Rockoff & Johnah, 2004; Rivkin, Steven, 

Hanushek, John, and Kain, 2005; Aaronson, Barrow, and Sander, 

2007).Mezieobi, Fubara and Mezieobi (2008) stated that the competence 

of teachers in subject matter is a pre-requisite for learning process.  

 A teacher must have professional competence. Academic and 

pedagogical competencies both come under the heading of professional 

competence. The first one is related to his/her knowledge of the subject. 

The second one is related to teaching methods (Akpan, Essien and Obot, 

2008). According to Rena (2000) the learners’ learning depends upon 

enhanced knowledge of the subject matter. Teachers’ grip on subject 

matter enhances learners’ interest in the learning process. This results in 

the achievement of set objectives. He further reported high association 

between both. Wamala and Seruwagi (2012) studied “the influence of 

teacher competence on the academic achievement of sixth-grade students 

in Uganda” (p.84). Findings suggested the enhancement of learners’ 
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learning is dependent on teacher competence. The results revealed a highly 

positive association between both.  

 Igwe (1990) concluded that teachers’ qualification has no relationship 

with students’ achievement. Adeniji (1999) reported that teachers’ 

qualification has less influence on students’ achievement. “teacher is a 

reformer and a human engineer. He works as a farmer. He transfers 

knowledge to students” (Ahmad, 2005, p. 74). Akram and Zepeda (2013) 

investigated the influence of teachers’ aspects on pupils’ learning. The 

focus was on English and mathematics subjects.  Teachers’ effectiveness 

factors such as knowledge of the subject, pedagogical aspects, evaluation, 

educational settings, and interaction with pupils were taken into 

consideration. Research findings showed that all the factors were 

associated with students’ learning. 

 Mirza and Iqbal (2014) found that collaborative teaching positively 

influences pupils’ achievement. Mehmood and Rehman (2011) conducted the 

research entitled “effective use of teaching methodologies at secondary level 

in Pakistan” and found a positive relationship between the pedagogical 

practices and pupils’ learning. Khalid, Yasmin, and Azeem (2011) conducted 

research entitled “impact of teacher’s background and behavior on students 

learning”. They found no difference in male and female teachers’ teaching 

attributes. Further, they reported that no significant difference was found 

among the teachers of cities and villages. There was no significant difference 

among teachers on the basis of qualification. Shah (2009) found that teachers’ 

behavior influences pupil achievements. 

 Khan, M., Muhammad, Ahmed, Saeed, and Khan, S. A. (2012) 

conducted research at the secondary level, for physics students. They 

concluded that activity-based teaching positively influences the pupils’ 

achievement. Akhter (2013) conducted her study at the university of 

education, Lahore. She found that effective teaching is dependent on the 

selection of suitable pedagogical practices in the science and evaluation 

systems. She further reported that only a few teachers, specifically young 

ones, and most females know to use inquiry-based teaching in science, in 

accordance with the curriculum. 

 Athar and Jamal (2017) reported that the ‘pedagogical practices’ are 

the key factor of teachers’ effectiveness in the attainment of intended 

learning outcomes.  Khan, A., Khan, S., and Khan, M. (2017) found that 

teachers’ positive attitude, calm personality, informed knowledge, 

managerial and interactive skills positively influence the teaching and 

learning process. According to Kausar, Kiyani, and Suleman, (2017) 

classroom environment significantly influences the learning of pupils. 

Rashid and Zaman (2018) conducted research on teachers’ behavior. They 



Umbrin 34 

 

 

found that explanatory and speaking skills show a high association with 

students’ learning.  

 Research conducted by Farooq and Shahzadi (2006) revealed that in-

service training of teachers is positively related to students’ achievement. 

It was also found that the gender of students has no role in mathematics 

learning.  Abid, Hussain, Mahmood, Saeed, and Shoaib (2017) found that 

elementary school teachers possess an average level of subject knowledge. 

The study further showed that there was no influence of gender on 

teachers’ subject knowledge. The classroom is the place where the fate of 

a nation is decided. Progress of the country is in hands of youth and the 

youth is dependent on educational institutes. Teachers’ personality traits, 

the know-how of the subject, and verbal and non-verbal expressions all 

can add to students’ achievement (Khan et al., 2016). 

 According to Iqbal, Azam and Rana (2009); Faiz, (2011), there is a 

deficiency in knowledge of science-related subject matter and teaching 

methods. Research shows that science teaching in Pakistan is nothing but 

the mere telling of facts. Focus is laid on reading and verbal explanation. 

No focus is laid on learning by doing to demonstrate concepts. Factual 

knowledge is not the single indicator of students’ achievement. 

Assessment of inter-linked knowledge of main concepts of a discipline is 

also very important (Bransford, Brown, and Cocking, 2000).  

 

Hypothesis 
 

H0: Conceptual knowledge of biology teachers has no relationship with 

students’ achievement. 
 

Methodology 
 

Prior to data collection, an application for permission was submitted to 

District Education Officer (Secondary). Afterward, a formal letter 

requesting permission to collect data was sent to the heads of concerned 

schools. The tool and a simple instruction sheet were delivered to the 

headmistresses and headmasters of public secondary schools.  

 

Research Design 
 

The quantitative approach along with the co-relational research design was 

implied in this research. A correlational study is related to the study of the 

existence of relationships, opinions of people, and prevailing conditions. 

It mainly focuses on present conditions. It may check the influence of past 
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events by relating to the present situation (Best and James, 2006). A simple 

definition of correlation is the relationship between two variables. The 

main purpose of co-relational research is to find out the variables related 

to each other. It is concerned with searching for variables that are inter-

connected and tells that change in one variable provides an idea that what 

change will be seen in the other variable (Co-relational Research, 

Definition, Purpose and Examples, 2013). 

 

Population 
 

There were a total of two hundred and twenty-nine (229) government 

high/higher secondary schools for boys and girls in district Chakwal. Out of 

those two hundred and twenty-nine (229) schools, one hundred twelve (112) 

were government girls high/higher secondary schools and one hundred 

seventeen (117) were government boys high/higher secondary schools. 

 There were one hundred and thirteen (113) government high/higher 

secondary schools for boys and girls in tehsil Chakwal. Out of those one 

hundred and thirteen (113) schools, fifty-eight (58) were government boys 

high/higher secondary schools and fifty-five (55) were government girls 

high/higher secondary schools. 

 

Sample 
 

Multi-stage sampling was done from tehsil Chakwal. At the first stage, 

cluster sampling was done and four centers (Markaz) from tehsil Chakwal 

were selected. Afterward, stratified sampling and simple random sampling 

were done. There were eighty high/higher secondary schools in which 

biology was being taught. Out of eighty schools, three schools (two girls 

and one boy school) were included in pilot testing, which was not part of 

actual research. Six teachers and six hundred seven students were included 

in pilot testing. A simple random sampling procedure was opted to select 

sample schools. It was made sure that samples from each center would not 

be less than fifty percent. There were fifty-five schools (including thirty 

girls and twenty-five boys schools) that were included in actual research 

through simple random sampling from each center. 

 

Research Instrument 
 

A test comprising of thirty-nine multiple test items was developed for 

teachers of biology. Tool to assess teachers’ conceptual knowledge of 
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biology was administered at the high school level. Students’ result of 9th 

grade was obtained from the official record of schools as students’ 

achievement. 

 

Researcher developed the test by following these steps: 

i. Purpose of the test 

ii. Content selection 

iii. Development of test items 

iv. Item review 

v. Piloting 

vi. Item analysis and revision of items 

vii. Validity of test 

viii. Reliability of test 

ix. Item difficulty 

x. Item discrimination 

 

 The main focus of the test was the assessment of teachers’ conceptual 

knowledge of biology. In order to check face validity, the researcher 

requested the experts to refine the items in format and language to make 

the test simple. Considering the usability of the test; the time allocated was 

mentioned, language used was simple and easily understandable; clear 

instruction was provided. The content of the test was checked by biology 

teachers and experts. 

 The content validity of the test was also established by experts. They 

critically analyzed the content of the items and suggested minor 

modifications which were applied.  Reliability of the test was checked by 

using test retest technique. For this purpose, conceptual knowledge based 

test was administered to six teachers who were not included in sample. 

The same test was re-administered among the same teachers after a week. 

Pearson’s product-moment correlation was applied to the data collected. 

The Pearson’s coefficient was found 0.84 which confirmed the reliability 

of the test. 

 

Data Collection 
 

Data were collected by personal visits. The test was administered to 

biology teachers (who taught the 9th-grade students of biology) and the 

result of 9th-grade students was collected from the official record of 

respective schools.  
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Data Analysis 
 

Data were analyzed with the help of percentages, averages, regression, and 

t-test by using Statistical Package for Social Sciences (SPSS). 

 

Table 1. 

Teachers’ Conceptual Knowledge of Biology (Average) Versus Students’ 

Achievement of Biology (Average) 

Descriptive Statistics 

Variables 

Mean 

Standard 

Deviation N 

Students’ achievement 

 (Dependent variable) 
57.793 15.064 

55 

 

Teachers’ conceptual knowledge  

(Independent variable) 
68.582 10.778 55 

 

Table 1 shows the average of teachers’ conceptual knowledge and average 

of students’ achievement. The graphical representation of male and female 

teachers’ conceptual knowledge and students’ achievement may help to 

understand the relationship between both variables. The relationship of 

teachers’ conceptual knowledge and students’ achievement is presented 

below in the figure 1. 

 

 
 

Figure 1. Graphical representation of the relationship of male and  

female teachers’ conceptual knowledge with students’ achievement. 
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 Figure 1 shows the average of male and female teachers’ conceptual 

knowledge and average students’ achievement in biology. Overall, an 

increase in teachers’ conceptual knowledge shows an increase in students’ 

achievement. The scattered graph may further help to understand the 

relationship more accurately. 

 

 
 

Figure 2. Scattered graph of teachers’ conceptual  

knowledge and students’ achievement 

 

 Figure 2 shows the relationship between teachers’ conceptual knowledge 

and students’ achievement. The data look linearly and positively related. 

Students’ achievement shows an increase with the increase in teachers’ 

conceptual knowledge. Regression may further elaborate the influence of 

teachers’ conceptual knowledge on students’ achievement. 

 

Table 2. 

Simple Linear Regression for Teachers’ Conceptual Knowledge and 

Students’ Achievement 

Model Summary 

Model R 

R 

Square Adjusted R Square  Durbin-Watson 

1 .858a .735 .730  2.104 

a. Predictors: (Constant), Teachers’ conceptual knowledge   

b. Dependent Variable: Students’ achievement   
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 Table 2 describes the simple linear regression between teachers’ 

conceptual knowledge and students’ achievement. It depicts that the 

Pearson correlation R-value is 0.858 which indicates a highly positive and 

strong relationship between both variables. R square expresses the 

variance (in percentage) in the dependent variable by the independent 

variable. The square value indicates how much of the total variation in the 

dependent variable (students’ achievement) can be explained by the 

independent variable (teachers’ conceptual knowledge).  R square value is 

0.735. It shows that 73.5% of the variance observed in students’ 

achievement is due to teachers’ conceptual knowledge.  
 

Table 3. 

ANOVA as a Part of Linear Model of Regression 

ANOVA 

Model Sum of Squares Difference Mean Square F Significance 

1 Regression 9011.651 1 9011.651 147.249 .000a 

Residual 3243.609 53 61.200   

Total 12255.260 54    

a. Predictor: (Constant), Teachers’ conceptual 

knowledge 

   

b. Dependent Variable: Students achievement    

 

 Table 3 depicts ANOVA values. ANOVA is another way of looking 

at our regression model. It is used to check that model with one 

independent variable works better than simply using the mean. The table 

shows significance value p is .000 indicates a statistically significant 

relationship between the independent variable and dependent variable.  
 

Table 4. 

Coefficients Showing the Relationship Between Teachers’ Conceptual 

Knowledge and Students’ Achievement 

Coefficients 

Model 

Un-standardized 
coefficients 

Standardized 
coefficients 

t Significance B  Beta 

1 (Constant) -24.405   -3.560 .001 

Teachers’ conceptual 

knowledge 
1.199  .858 12.135 .000 

a. Dependent Variable: Students’ achievement    

 

 In table 4 the un-standardized coefficient shows the value 1.19 that is 

with a positive sign. It indicates that the dependent variable (students’ 
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achievement) increases with the increase in the independent variable 

(teachers’ conceptual knowledge). It describes that for every one-unit 

increase in teachers’ conceptual knowledge, students’ achievement 

increases by 1.199 points. The significance value is .000 is less than the 

level of significance α = 0.05.  

 

Discussion 
 

The major objective of the research was to find out the relationship of 

teachers’ conceptual knowledge on students’ achievement. Data analysis 

revealed the great influence of teachers’ conceptual knowledge of biology 

on students’ achievement. Research findings supported the findings of 

previous research. Metzler and Woessmann (2010) reported that impact of 

teacher subject knowledge on student achievement is statistically 

significant. Previous research show that teacher knowledge is the only 

factor which is consistently associated with student achievement. The 

findings suggested that policymakers and educational administrators 

should take into account the teachers’ subject knowledge. The research 

findings supported the previous research work in the United States, 

conducted by Hanushek (1971); Summers, Anita, Barbara, and Wolfe 

(1977); Murnane, Barbara and Phillips (1981). Hanushek (1997) find that 

teacher performance scores have positive impact on pupil learning. 

 Eide, Eric, Goldhaber, and Brewer (2004) reported that teachers’ 

effectiveness is based on teachers’ academic performance. “Out of teacher 

attributes such as teaching experience, salary and test scores only teachers’ 

knowledge measured by test scores has consistently been found to be 

associated with students’ achievement” (Hanushek, Steven and Rivkin 2006, 

p.1064).  

 The report of the National Commission on teaching and America’s 

future (1996) suggested that teachers’ knowledge and skill influence 

students’ learning. The influence of teaching on student achievement is 

greater as compared to student ethnicity, family income, class size and 

school type. (Yusuf and Dada, 2016). 

 Another research found that a highly effective teacher enhances the 

students’ achievement even when other students have similar achievement 

levels (Sanders and Rivers, 1996). Unanma, Abugu, Dike and Umeobike 

(2013) reported a positive association of teachers’ academic qualifications 

with students’ achievement in chemistry. According to Richardson (2008) 

significant relationship is found between teacher qualifications and student 

achievement. The findings suggested that students taught by mathematics 

teachers with five or more years of experience perform better in their 
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mathematics test. He further concluded that students of a teacher having 

secondary mathematics certification, showed high achievement on the 

mathematical test than teachers having different certification.  

 According to Ogbannaya (2009), all mathematics teachers having a 

degree with a specialization in mathematics and having experience, influence 

students’ achievement positively. Akinfe, Olofinniyi and Fashiku (2012) 

conducted research entitled: “Teachers’ Quality as Correlates of Students 

Academic Performance in Biology in Senior Secondary Schools in Ondo 

State, Nigeria.” The research showed that teachers’ professional qualification 

plays an important role to enhance students’ academic achievement in 

biology. They further added that teaching methods and teaching experience 

significantly influence students’ academic achievement. Raw (2003) reported 

that experienced teachers play important role in enhancing pupils learning. 

Employing qualified teachers in schools enhances the quality of education. 

The quality of teachers helps in improving students’ achievement in 

mathematics (Abe and Adu, 2013). 

 Bilesanmi (1999) reported that in mathematics, teachers’ experience 

significantly and positively influences students’ achievement. Okuruwa 

(1999) found that teachers’ degrees with specialization in relevant subjects 

influence students’ achievement positively in science. Teachers as agents 

for the amplification of educational policies have an influence on students’ 

achievement (Afe, 2001). Wayne and Young (2003) found that higher 

qualifications of teachers result in better students’ achievement. 

 

Conclusion 
 

There exist a significant and positive relationship between teachers’ 

conceptual knowledge and students’ achievement.  Thus, null hypothesis 

H01 “conceptual knowledge of biology teachers has no relationship with 

students’ achievement” was rejected. It is concluded that there exists a 

relationship between teachers’ conceptual knowledge of biology with 

students’ achievement.  

 

Recommendations 
 

1. The research may be replicated with a large sample of teachers and 

students of both gender in government and private schools for 

generalization of results. 

2.  This research was carried out at the secondary school level. This kind 

of research may be conducted at a higher secondary level as well. 
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