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Abstract 

This study consisted of using inductive and deductive models of approach in a high school 

chemistry classroom to compare the effectiveness of the two instructional approaches on 

students’ learning.  Eleven students in two different classrooms participated in the study.  The 

first model (deductive) provided students with a PowerPoint presentation and homework, 

followed by a lab in the next class with a discussion to bring closure to each topic.  The second 

model (inductive) provided students with a lab and a discussion, followed by a PowerPoint 

presentation and homework in the next class.  A nonequivalent quasi-experimental design was 

imposed, administering a pretest and posttest at the beginning and end of each unit.  Semester 

exams were compared to determine if a model of approach is related to the students’ 

comprehension of the material.  The data was collected and the means, standard deviations, and 

standard errors were calculated.  Each pre-test, post-test, and final exam score for the two groups 

were put through a t-test.  The data shows that the two approaches are equivalent in terms of 

effectiveness.  However, due to a small sample size, no definitive conclusions could be made 

based from the results. 

Keywords: deductive model of approach, inductive model of approach 
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Introduction 

For many years, teachers and researchers have examined the best way to teach (Eggen, P. 

& Kauchak, D., 1996).  Attempts to answer this question include multiple studies that have 

investigated different variables, from authoritarian vs. democratic techniques, to teacher versus 

student-centered learning, to direct vs. indirect teaching methods.  Each study has yielded 

different results, suggesting that there is no single best way to teach.  This may be due to 

students’ learning styles being so diverse.  This makes it important for teachers to be able to use 

different instructional strategies.   

Research indicates that teachers plan instruction in ways that are consistent with their 

assumptions about class material, the type of students they have, and their personal beliefs of 

teaching the content area (Bruning R., Schraw, G, & Norby, M, 2011).  In science education, 

teachers approach to the material is usually based on either a traditional or constructivist belief.  

Fenzioglu (2012) found that most new teachers to the profession tended to initially have a 

constructivist belief.  As time went on, teachers were more likely to convert back to a traditional 

point of view.  Fenzioglu (2012) suggested that teaching science, learning science, and managing 

behavior problems are interrelated and that the conversion could be due to lack of a 

constructivist perspective on the learning of science or the struggle of classroom management 

from a constructivist perspective.  The teachers agreed on the importance of hands-on learning, 

but shifted back to a teacher-centered (traditional) method of teaching when difficulties were 

encountered in the classroom. 

Bruning et al. (2011) states that teacher’s beliefs are quite stable and resistant to change.  

Their beliefs were more affected by their experience and practice in the classroom than by 

continuing education.  Additionally, when preservice teachers leave their teacher training 
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programs, they have many of the same beliefs and attitudes that they initially had at the 

beginning of the program.  Usak, M., Ozden, M., & Eilks, I. (2011) found that preservice 

teachers’ attitudes in their study concentrated on acquisition of facts, rather than the process-

oriented skills.  The preservice teachers also held traditional and teacher-centered beliefs.  These 

beliefs were not in agreement with the modern (constructivism) beliefs that were desired by the 

researchers. 

Wong & Wong (1998) found that most beginning teachers will tend to teach as they were 

taught.  This could be due to how the preservice teachers have been learning in their classes at 

their universities.  A preservice teacher will have some educational experience through classes 

and field experience, but most of their experience in their content area comes through their 

university classes.  Traditionally, science classes have been taught through lectures and notes 

with labs to help aid the learning of the lecture.  This becomes the preservice teacher’s last 

educational experience.  When they eventually have their own students, they tend go back to 

teaching how they were last taught. 

It has been found that teachers play an important role in student education (Eggen & 

Kauchak, 1996, Bruning et al., 2011, Chiappetta, E.L., Koballa Jr., T.R., Collette, A.L., 1998).  

Beginning teachers need to know how to teach a specific content area, rather than just how to 

teach in general (Usak, M., Ozden, M., & Eilks, I., 2011).  To reach a diverse array of student 

learning styles, a teacher must have multiple strategies to meet all students’ needs.  Teachers 

must practice different instructional strategies by planning, performing, reflecting, and altering 

those strategies for future use. 
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Purpose of the Paper 

This is an exploratory study aimed at studying the effectiveness of deductive and 

inductive teaching approaches in an effort to diversify instructional strategies for the teacher.  

Both teaching approaches are strategies designed to help students learn content at the same time 

as they practice thinking skills under the guidance and direction of an active learner (Eggen & 

Kauchak, 1996).  In both models, generalizations, concepts, and principles are identified, but 

have a different order in which they are received by the students.  Generalizations help students 

develop a broad knowledge base that is able to be transferred more readily to new or different 

situations. (Marzano, 2001)  Situations, in this case, are specific examples within the 

generalization and can be seen in specific problems, homework, classroom discussion, and more 

importantly, in the laboratory.  Laboratory work has a central role in science education (Tatar & 

Buldur, 2013, Chiappetta et al., 1998) that is intended to provide concrete, real experiences to 

help students comprehend the material or phenomena.  The following research question posed in 

this study is: 

Is one model of approach more effective than the other initially? 

Hypotheses 

Alternative Hypothesis: The inductive model of approach will produce a higher average 

score increase on the posttest questions as compared to the deductive model.  

Null Hypothesis: There is no difference in the effects between the deductive and 

inductive model of approach 

Deductive Model of Approach 

The deductive model of approach is the most common and traditional way of teaching 

science (Prince, 2006/2007, Chiapetta et al, 1998).  In this approach, students are given general 
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information and then work on more specific examples.  Eventually, the concept is then applied in 

a real-life application.  In the science classroom, this is typically a laboratory activity that 

verifies the concept learned in class.  According to Wong & Wong (1999), most first year 

teachers will perform this model of teaching because it was the most recent experience they had 

with education.   

The deductive model is a very beneficial approach in the classroom.  It is an easier 

approach when encountering difficulties in the classroom due to giving students the 

generalizations (Feyzioglu, 2012) and the fastest way to cover material (Wang, 2010, Gollin, 

1998).  It is a teacher-centered approach and is easier to prepare and control the route of learning.  

The two most common models are the Direct-Instruction model and the Lecture-Discussion 

Model (Eggen & Kauchak, 1996).  Both models follow Vygotsky’s zone of proximal 

development (Eggen & Kauchak, 1996, Bruning et al., 2011, Chiappetta et al., 1998).  The 

teacher can present new information in logical and clear steps, provide guided practice, give 

feedback, and give independent practice (Direct-Instruction) or connect previous-knowledge, 

presentation, comprehension-monitoring, review, and closure (Lecture-Discussion).  The content 

is presented in a way that scaffolds new material and makes it easier to understand for the 

students. 

While this may be the easiest way to relay knowledge unto students, there are some 

problems that can come with the deductive approach.  The students tend to be more passive in 

their learning (Chiapetta et al., 1998, Prince & Felder, 2006, Prince & Felder, 2007, Shaffer, 

1989).  Teachers can overwhelm students by giving too much information at once, making the 

main ideas seem less important than the smaller details (Chiapetta et al., 1998).  Students also 

tend to fail to connect the content to the real world (Prince, 2007). 
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Inductive Model of Approach 

The inductive model of approach is in contrast to the deductive model in part that the 

students are first provided specific examples and then work towards the generalization, concept, 

or principle.  The idea is that the students play an active role in their education by discovering or 

forming the concept or principle.  This gives the student a more concrete experience and makes it 

meaningful.  Students are then able to recall evidence from real events and data, making sense of 

what was seen rather than relying on abstract information received in a lecture (Chiappetta et al., 

1998).   

Inductive teaching methods come in many forms.  Some of the most common types are 

discovery learning, inquiry-based learning, and problem-based learning (Prince & Felder, 2007).  

Christensen (1969) outlined the main steps in the inductive approach as:  

1.) Experimentation,  

2.) Observation,  

3.) Forming a hypothesis, and   

4.) Further experimentation in order to test the hypothesis.   

After these steps are completed, the deductive approach can be used to give the students the 

generalization to assess their hypothesis.  The laboratory activity in the inductive approach 

becomes the initial experience.  It is the background knowledge to the student, so that after the 

students have analyzed their data and come to a conclusion, what would be considered an 

abstract idea would seem more meaningful to the student.  The inductive approach can promote 

deeper learning (Prince & Felder, 2006, Gollin, 1998, Narjaikawe, Emarat, Arayathanitkul, & 

Cowie, 2009) and gives students greater confidence in their problem-solving skills (Wang, 2010, 

Prince & Felder, 2007).  Additionally, inductive teaching has been shown to be a better way to 
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increase interest and motivation in students (Chiappette et al. 1998, Narjaikaew et al, 2009, 

Prince & Felder, 2007) 

The inductive approach can be very beneficial in the classroom.  However, when not 

taught correctly or given an adequate amount of scaffolding, it can have its setbacks.  The less 

explicit the instruction is, the more likely the students are to be hostile and resistant.  Students 

may find it difficult to know the right thing to pay attention to in a laboratory setting (Löfgren, 

R., Schoultz, J., Hultman, G., & Bjorklund, L., 2013).  Students tend to be resistant initially 

when they are more responsible for their learning, so extensive support should be given when 

first attempting this approach, with a gradual withdrawal of guidance.  Additionally, this 

approach may need more planning and resources, so teachers should take that into account 

before attempting the inductive model. 
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Literature Review 

Comparisons of inductive vs. deductive models of approach have been studied for years.  

However, the variables and content of the studies differed as time went on.  Early studies 

comparing inductive and deductive methods of instruction used programmed instruction with 

students.  In these studies (Krumboltz & Yabroff, 1965, Koran, 1971, Sakmyser, 1974), students 

were given booklets to complete and were requested to either state the generalization or solve 

more problems.  Though these studies didn’t involve the students getting direct instruction from 

their instructor, it did provide a good basis for the studies of inductive and deductive approaches 

to learning. 

Krumboltz et al. (1965) studied the effect of frequency of the variation between problem-

solving and rule-stating and found that both methods were equally efficient when time was 

considered and that both methods were about equally effective in producing accurate transfer of 

training.  It was also noted that his inductive groups were less enthusiastic about the inductive 

method than were the deductive groups about the deductive method.  This could be due to an 

inappropriate amount of guidance by a teacher, which was later studied and mentioned by Prince 

& Felder (2006/2007) about how less guidance could affect the outcome of the student and cause 

them to be more resistant to learning the content.  Koran (1971) studied individual differences in 

learning using an aptitude test and found that both inductive and deductive methods were equally 

effective when it came to the time required to teach the information and in promoting the transfer 

of the information.  Additionally, Koran found that the inductive subjects made more errors on 

the assessment than the deductive group.  Sakmyser’s (1974) study suggested that a student’s 

ability in reading and algebra helped play an important role in that student’s success in either 
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approach used.  Students with higher reading scores performed better on the deductive model, 

while students with higher algebra scores performed better on the inductive model. 

Multiple studies of the inductive vs. deductive approaches (Shaffer, 1989, Gollin, 1998, 

Erlam 2003, Takimoto, 2008, Owen, 2009, Vogel, Herron, Cole, & York, 2011, Mohmmed & 

Jaber, 2008) involved teaching a language rather than a science.  While it doesn’t add to the 

effects of the methods as they are taught in science, the model of approach is similar.  

Additionally, findings have differed from study to study, yielding different conclusions on which 

is better when comparing the effectiveness of the two models. 

Shaffer (1989) found that there were no significant differences between the results of the 

two methods.  However, the inductive method showed to be more successful when dealing with 

difficult concepts for all ability levels of learning.  Additionally, Takimoto (2008) found that the 

inductive approach was more effective when using problem-solving tasks and structured-input 

tasks.  Vogel et al. (2011) also studied the effects of deductive and guided inductive approaches 

on short- and long-term learning and found that although students stated that they preferred to be 

taught deductively, their short-term retention for the guided inductive approach yielded a 

significant positive effect.  All three pointed in the direction that inductive is more effective than 

deductive, making reference to the fact that students were being more active in their learning 

which attributes to the higher-order of thinking for the inductive model of approach. 

Erlam (2003), Mohammed et al. (2008), and Owen (2009) all had different findings.  All 

three studies argued that the deductive approach was much more effective than the inductive.  

Erlam (2003) studied the effectiveness of the two types of instruction by measuring both 

comprehension and production of the language, paying particular attention to certain features in 

the French language on 14 year old students.  No discussion as to why deductive was better was 
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made, rather that it just was and further research would be needed.  Mohammed et al. (2008) 

studied the effects of each approach and the interaction between the approach and the content in 

adults.  The deductive approach was suggested to be better due to the cognitive ability of the 

adults to understand abstract concepts and handle a faster-paced instruction.  Owen (2009) 

studied the effects of the two approaches with the production, generalization, and retention of the 

novel verb morphemes by school-age children with language impairment.  However, Owen still 

recommended using a mixture of inductive and deductive teaching techniques. 

In recent years, a few studies (Yuruk, 2000, Narjaikawe, Emarat, Arayathanitkul, & 

Cowie, 2009) were found that dealt with the study of teaching methods in science-related 

education.  Yuruk (2000) studied the comparison of the content sequence on students’ 

achievement, attitudes, and academic self-concept and found that students in the inductive 

content sequence group achieved higher than the students in the deductive content sequence 

group.  It was suggested that this could be due to the inductive content sequence being more 

effective in establishing relationships between concepts in students’ cognitive structures.  

Narjaikawe et al. (2009) performed a three year study to investigate the impact on student 

motivation and understanding each year, starting with the deductive approach for the first two 

years and the third year using the inductive approach.  Narjaikawe et al. found that most students 

had a positive perception on the inductive approach, while some still preferred the traditional 

method.  Students also were more active in the classroom for the inductive approach as 

compared to the previous years. 

The two approaches have proven to both be effective in previous studies.  However, 

Prince & Felder (2006/2007) argued that inductive methods of approach promoted a deeper 

understanding of the content, as opposed to just memorizing the information for a period of time.  
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Learning with the inductive model can have positive feedback, but can create hostility from the 

students when taught without a correct amount of guidance.  As an initial educator, it is 

important to practice different strategies, such as the inductive and deductive models of approach 

to give students instructional alternatives.  
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Methodology 

Research Design 

A nonequivalent group quasi-experimental design was used, administering a pretest at the 

beginning of each unit and posttest at the end of each unit.  Two treatments were administered 

within each unit.  The first and second treatments were administered to compare the groups.  The 

third and fourth treatments were administered to compare the models of approach between the 

classes.  Semester exams were compared to determine the equivalency of the two sections.  

The classroom schedule was a modified block schedule, consisting of an 89 minute class 

period, each class meeting every other day.  Within a class period, the students had a reflection 

of the previous day, a description of daily objectives, and then either a lecture and homework, or 

a laboratory experiment and discussion.  This was exposure to the material in at least four 

different ways to make it meaningful to the students (Marzano, 2000). 

The study consisted of inductive and deductive models of approach in a high school 

chemistry classroom to compare the effectiveness of the two instructional approaches on 

students’ learning.  The deductive model (X1) provided students with a lecture and homework 

day on day 1, and a laboratory experiment and discussion on day 2.  The inductive model (X2) 

provided students with a laboratory experiment and discussion on day 1, followed by a lecture 

and homework on day 2.  Due to having class every other day, alternating both classes, all 

treatments began on days when the first class was on a Monday or Tuesday.  This made the time 

between the two exposures to the material not greater than two days (Marzano, 2000). 

On the days with lecture and homework, students took notes and asked questions based 

from the PowerPoint presentation.  Lectures were approximately 35-40 minute presentations, 

which included modeling and guided practice with math problems.  Homework was assigned in 
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class and students worked on their homework in their cooperative groups, asked questions, and 

then were given answers by the end of class with some extra time available for additional 

practice if necessary.   

On the days that consisted of laboratory experiments and discussion, students worked in 

cooperative groups to answer pre-laboratory questions, performed the laboratory experiment, 

processed observations and data during classroom discussions, and answered post-laboratory 

questions.  All laboratory experiments had questions at the beginning to help connect previous 

knowledge and form a hypothesis and questions at the end for reflection on what was seen and 

help in processing the information.  Laboratory techniques were modeled for the students prior to 

the experiment and different aspects were mentioned of what to pay attention to throughout the 

experiment. 

Sampling 

The study was conducted with eleven students, ranging in age from 16-18 years old, from 

two different classes.  Students were given the opportunity the semester before the 2012-13 

school year began to select classes they wish to take.  Schedules were made accordingly based 

on their performance in their classes by the end of the year and the number able to take the 

course. 

The course chosen for the study was Advanced Chemistry, which is a second-year 

Chemistry course aimed at studying the different branches of chemistry more in-depth.  The 

second semester consisted of the topics of Molecular Geometry, Solutions, Equilibrium, 

Solubility and Precipitation, and Acids and Bases.  The topics of Equilibrium and Solubility and 

Precipitation are chosen due to the relationship with the equilibrium constant, the calculations for 

the constant, and the macroscopic visuals through chemistry phenomenon. 
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Table 1 

Treatment of Each Group 

Group Treatment 1 Treatment 2 Treatment 3 Treatment 4 

1 (n=4) Deductive Inductive Inductive Deductive 

2 (n=7) Deductive Inductive Deductive Inductive 

     

Variables 

The independent variable of the study was the model of approach, deductive and 

inductive, that was used in the two classes.  The organization of how the students received the 

treatment can be seen in Table 1.  The dependent variable was the outcome on the unit test.  The 

teacher was in his third year of teaching Chemistry.  The classroom procedures listed for both 

models of approach listed above were practiced throughout the school year for two reasons: 

1. To give the students practice with the inductive model so that there would be less 

resistance than when first being introduced to it (Prince & Felder, 2006/2007). 

2. To help the teacher gain better knowledge of the class in determining what would be the 

correct amount of scaffolding to help administer throughout each lesson.  

Procedures 

Treatment 1. The first treatment dealt with the understanding of and calculations with 

the equilibrium constant.  Both groups were given a pretest (O1) at the beginning of the unit, 

performed the deductive (X1) method, and took a unit test (O2).  On day 1, the students were 

given a lecture on the equilibrium constant, with mathematical problems that were modeled for 

them. Homework was given in class and the students worked on it in their groups.  Answers 

were provided at the end of the class.  On day two, the students performed the laboratory 

experiment Finding a Constant, Kc (Holmquist, D., Randall, J., & Volz, D., 2007).  A discussion 



17 

of the results was held and students processed the data with calculations to obtain the equilibrium 

constant value for four trials.  A diagram of the experimental procedure is provided below: 

N1: O1 X1 O2 

N2: O1 X1 O2 

Treatment 2. The second treatment dealt with Le Châtelier’s Principle.  Both groups 

were given a pretest (O1) at the beginning of the unit, performed the inductive (X2) method, and 

took a unit test (O2).  On day 1, the students performed the laboratory experiment, Le Châtelier’s 

Principle Lab.  The students discussed their results as a class to ensure all of the correct 

observations were made.  They processed their results within their cooperative groups and 

formed a hypothesis of Le Châtelier’s principle.  On day 2, students were given a lecture on Le 

Châtelier’s principle and were given homework to work on the remainder of class.  The concept 

of the principle was also connected back to the big idea of the equilibrium constant.  A diagram 

of the experimental procedure is provided below: 

N1: O1 X2 O2 

N2: O1 X2 O2 

Treatment 3. The third treatment dealt with precipitations and dissolution.  In this 

treatment, the first group performed the laboratory experiment, Precipitation Lab, on day 1 to 

form a hypothesis on the ideas of precipitation, spectator ions, and net ionic equations.  They 

then came up with an explanation of precipitation at the atomic level based on macroscopic 

observations.  The next day, the students were given a lecture on dissolution, precipitation, and 

net ionic equations and provided homework to aid the lecture.  The second group was given the 

lecture and homework on dissolution, precipitation, and net ionic equations on the first day.  Day 

2 consisted of performing the laboratory experiment, Precipitation Lab, to confirm the atomic 

explanation through macroscopic observations of dissolution and precipitation.  Both groups 
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were provided the same pretest at the beginning of the unit and posttest at the end of the unit.  A 

diagram of the experimental procedure is provided below: 

N1: O1 X2 O2 

N2: O1 X1 O2 

Treatment 4. The fourth treatment dealt with solubility rules.  In this treatment, the first 

group was given a lecture with the solubility rules followed by homework to practice the 

solubility rules on day 1.  On day 2, they were given the laboratory experiment, Solubility Rules 

Lab, to predict which chemical mixtures would precipitate and then confirmed the solubility 

rules given to them the previous class by performing the experiment.  On day 1, the second 

group performed the laboratory experiment, Solubility Rules Lab.  They discussed the results as a 

class, and attempted to form the solubility rules in their cooperative learning groups.  On day 2, 

the second group was given a lecture that either confirmed or nullified their hypothesis of the 

solubility rules.  This was followed by homework to practice the solubility rules.  The previous 

knowledge of net ionic equations and spectator ions was connected with the solubility rules.  

Both groups were provided the same pretest at the beginning of the unit and posttest at the end of 

the unit.  A diagram of the experimental procedure is provided below: 

N1: O1 X1 O2 

N2: O1 X2 O2 
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Data Collection Processes 

Pretests.  Short-answer questions and calculation problems were given at the beginning 

of each unit to determine how much information students knew prior to each treatment.  The 

questions and problems were taken from the current chapters in the textbook used in the 

classroom.  The scoring of the pretest was based on a 0-2 scoring (as shown in Table 2) for 

assessing previous knowledge before the unit began.  The pretests are available in the 

Appendices. 

Posttests. Specific questions that connected to the treatments within the unit were 

sampled as key questions.  They were based on both laboratory experiences (data analysis and 

observations) and lecture connections (mathematical calculations and conceptual questions).  

Tests consisted of multiple choice questions, short answer, and calculations. Multiple choice 

questions were scored as a 0 or 2 (No or Yes, respectively) based on whether the answer was 

correct or incorrect.  Short answer and mathematical calculations were based on a 0-2 scoring (as 

shown in Table 2) for assessing knowledge.  Overall test scores were recorded and measured 

over time to determine if trends in either group occurred.  Scores were compared between both 

groups and between pretests and posttests to determine if growth was made. 

Final Exams. Comparisons were made between the first and second semester final exam 

scores.  The exams were used to help limit the internal validity threat of selection of the study.  

Table 2 

Scoring Scheme 

Points Justification 

0 points Nothing is mentioned/Answer is fully incorrect 

1 point Answer is partially correct 

2 points Answer is completely correct 
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The scores helped determine if any prior differences between the groups may have affected the 

outcome of the study. 

Data Analysis 

Averages, standard deviations, and standard errors were calculated on all questions and 

overall scores.  Overall scores for students were put in a graph and table that indicated their 

pretest average (0-2) and posttest average (0-2) on all four treatments.  The treatments were 

compared between both groups to determine the effectiveness each of the two models of 

approach had on the students by using standard error differences and a t-test between the pretests 

and the posttests of each group.  

Ethical Considerations 

The risks within the study were no different than what the subjects would experience on a 

typical school day.  The subjects were given a parental consent form to be read, signed, and 

returned to be involved in the study.  The consent forms and data were kept in secure locations, 

only accessible to the researcher.  Names were removed from the data and numbers were 

assigned to each student.  Both the consent forms and actual data were separated so connections 

could not be made.   
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Results 

The means, standard deviations, and standard errors for the pretest and posttest average 

scores are given in Table 3.  The difference between the pretest and posttest scores (gain) with 

the uncertainty was calculated and put in Table 3.  The means of the group were put into a bar 

graph as shown in Figure 1.  The pretests agreed with each other so a Reliability-Corrected 

ANCOVA was not needed.  A t-test was administered between the two groups for each pretest 

and posttest in all four treatments.  The p-values are given in Table 4.  The sample size was low, 

so standard error comparisons between groups for each pretest and posttest were also calculated 

to determine if the scores were within one standard error of each other.  The standard error 

difference values of the pretests and posttests are found in Table 4. 

Treatment 1 

In treatment 1, both groups were taught using the deductive model of approach.  Both 

groups had an average value of zero on the pretest.  Comparison values could not be calculated 

because values cannot be divided by zero, but are accepted as equal due to both groups not 

having any previous knowledge of the content in the study.  In the posttest, groups 1 and 2 had 

an average test score value of 1.55 ± 0.10 and 1.53 ± 0.10, respectively.  Both groups had a 

positive increase from their pretest to their posttest.  The two test values agree with each other. (p 

= 0.89; and the means were = 0.21 σ apart).  

Treatment 2 

In treatment 2, both groups were taught using the inductive model of approach.  Both 

groups had an average value of zero on the pretest.  Comparison values could not be calculated 

because values cannot be divided by zero, but are accepted as equal due both groups not having 

any previous knowledge of the content in the study.  On the posttest, group 1 had an average test 

score value of 0.70±0.18 and group 2 had an average test score value of 1.01±0.17.  Both groups 
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did have a positive increase from their pretest to their posttest. The p-value was greater than 0.05 

(p = 0.24) showing that the two classes agreed with each other.  However, the two scores were 

1.76 σ apart, so there were no significant differences between the two classes for the inductive 

model.  Both classes had a pretest score of zero, so a reliability correction is not needed. 

 

Table 3 

Descriptive Statistics 

Treatment 1 

 Pretest    Posttest      

Group N Mean SD SE N Mean SD SE Gain SE 

1 4 0 0 0 4 1.55 0.21 0.10 1.55 0.10 

2 7 0 0 0 7 1.53 0.27 0.10 1.53 0.10 

Treatment 2 

 Pretest    Posttest      

Group N Mean SD SE N Mean SD SE Gain SE 

1 4 0 0 0 4 0.70 0.36 0.18 0.70 0.18 

2 7 0 0 0 7 1.01 0.45 0.17 1.01 0.17 

Treatment 3 

 Pretest    Posttest      

Group N Mean SD SE N Mean SD SE Gain SE 

1 4 0.59 0.42 0.21 4 1.59 0.19 0.10 1.00 0.36 

2 7 0.52 0.50 0.19 7 1.75 0.15 0.06 1.23 0.45 

Treatment 4 

 Pretest    Posttest      

Group N Mean SD SE N Mean SD SE Gain SE 

1 4 0 0 0 4 1.69 0.39 0.19 1.69 0.19 

2 7 0.10 0.25 0.10 7 1.63 0.60 0.23 1.53 0.21 
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Treatment 3 

In treatment 3, group 1 was taught using the inductive model of approach, while group 2 

was taught using the deductive model of approach.  On the pretest, group 1and group 2 had an 

average test score value of 0.59±0.21 and 0.52±0.19, respectively.  The two values agreed with 

each other (p = 0.83, S.E. = 0.15).  On the posttest, group 1 and group 2 had an average test score 

value of 1.58±0.10 and 1.75±0.06, respectively.  Both groups had a positive increase from their 

pretest to their posttest.  The two posttest average test score values agreed with each other 

according to the t-test (p = 0.35).  The two posttest scores were more than one standard error 

apart (S.E. = 1.70 σ), but did not differ enough to indicate a statistically meaningful difference.  

The improvement that both groups made from the pretest to the posttest agreed with each other 

(0.50 σ apart). 

 

 
Figure 1: The pretest and posttest mean scores for all the treatments. 
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Treatment 4 

In treatment 4, group 1 was taught using the deductive model of approach, while group 2 

was taught using the inductive model of approach.  On the pretest, group 1 had an average value 

of zero on the pretest, while Group 2 had an average score 0.10±0.10.  On the posttest, group 1 

and group 2 had an average test score value of 1.55±0.68 and 1.53±0.78.  Both groups had a 

positive increase from their pretest to their posttest.  The t-test (p = 0.83), number of sigma 

between the pretest and posttest (0.28 σ), and the standard error for the gain from the pretest to 

posttest scores for both groups (0.75 σ apart) all agreed with each other. 

Final Exams 

The final exams for the first and second semester were compared.  The scores were 0.31 

σ apart and the p-value from a t-test was 0.81.  

 
 
 

 
   

Table 4 

Inferential Statistics 

  Pretest   Posttest   Gain 

  # of σ apart p  # of σ apart p  # of σ apart 

Treatment 1  – –  0.21 0.89  0.21 

Treatment 2  – –  1.76 0.24  1.76 

Treatment 3  0.30 0.83  1.70 0.20  0.50 

Treatment 4  1.00 0.31  0.28 0.83  0.75 

         

Final Exam  0.32 0.81  – –  – 
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Analysis 

The first and second final exam scores were compared.  It was determined that there were 

no prior differences between the groups that affected the outcome of the study.   In treatments 1 

and 2, both groups used the same approach (deductive and inductive, respectively).  This was 

performed to determine the equivalency among the two groups.  In both treatments, both groups 

agreed with each other (0.21 σ and 1.76 σ apart, respectively) 

All of the t-tests for the pretests and posttests indicate that the two groups’ mean test 

scores agree with each other (p = 0.89, p = 0.24, p = 0.20, p = 0.83, respectively).  The posttests 

from treatments 1 through 4 agreed with each other (0.21 σ, 1.76 σ, 1.70 σ, and 0.28 σ apart, 

respectively).  According to Figure 1, the deductive model of approach scored higher in 

treatments 3 and 4.  However, treatments 3 and 4 both showed that the average test score 

increased within one sigma of each other.  The comparisons of the standard errors agreeing with 

each other suggest that both the deductive and inductive models of approach are equivalent to 

each other, just as Krumboltz et al. (1965), Koran (1971), and Shaffer (1989) had found.   

The difference between the pretest and posttest (gain) was used to help determine the 

effectiveness of the two programs.  It was calculated and the standard errors were used to 

propagate the uncertainty for both groups.  The gains for treatments 1 and 2 were the same as the 

posttest due to students having no previous knowledge of the content (pretest scores averaging 

0).  In treatments 3 and 4, students had some previous knowledge of the material, so the gain was 

calculated and accounted for (0.50 σ and 0.75 σ apart, respectively).  This lowered the difference 

in sigma, suggesting that the deductive and inductive models of approach were even more 

equivalent within each class.  

The widest gap between average posttest scores for both groups 1 and  2 was in treatment 

2 (0.70±0.18 and 1.01±0.17, respectively), but the difference is not statistically significant.  The 
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same test and treatment (inductive) was provided for the students, but group 2, on average, 

scored higher.  Theoretically, they should be the same.  This could account for having a small 

sample size in both groups (N1=4, N2=7) or the experience level of the student.  Although Prince 

& Felder (2006, 2007) praised the inductive method, they also emphasized the problems that can 

arise when not taught with an adequate amount of scaffolding.  Teachers need to know how to 

effectively teach to diverse students, so different teaching methods and techniques are imperative 

to have in the classroom.  Usak et al. (2011) emphasized that teachers need to know how to teach 

their content rather than just knowing how to teach in general.  The level of scaffolding needed is 

different because the level of difficulty and common misconceptions are different among the 

different topics.     

The inductive model of approach has been becoming more common to use in today’s 

classrooms (Prince & Felder, 2006/2007, Wang, 2010, Narjaikaew et al, 2009, Chiappette et al. 

1998).  It has been shown to make the content more meaningful to the students (Prince & Felder, 

2006/2007, Gollin, 1998, Narjaikawe, Emarat, Arayathanitkul, & Cowie, 2009) and gives 

students greater confidence in their problem-solving skills (Wang, 2010, Prince & Felder, 2007).  

This does not discredit the deductive model, which still is a common and concise way of 

teaching science.  Both approaches are valid techniques.  Teachers should consider the needs of 

the students and the level of difficulty when choosing how they are going to teach material. 

The data in the treatments indicate that the null hypothesis would be accepted, that there 

is no difference in the effectiveness between the inductive and deductive model.  However, due 

to a small sample size, no definitive conclusion can be made.  Further studies should be made to 

help determine the effectiveness in content specific areas.  A bigger sample size should be 

studied as well.  Additionally, to limit the threat of construct validity, the same questions should 

be used in both the pretest and posttest, as well as limiting the time between the pretest and 
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posttest with respect to the treatment (i.e. pretest and posttest not administered at the beginning 

and end of the unit, but rather before and after each lesson) as well as practicing the models of 

approach for different content areas more frequently to determine generalizations among the 

different models that work best.  This will come with more teaching experience.  
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Summary 

This was an exploratory study aimed at studying the effectiveness of deductive and 

inductive teaching approaches.  According to the data, the null hypothesis was correct and the 

two approaches appeared to be equivalent.  However, with the sample size being so low (N1=4, 

N2=7), a definitive conclusion between the effectiveness between the two models of approach 

cannot be made.  Further investigation with a larger sample would have to be performed.  One 

implication for the classroom from this study is that teachers should practice different 

approaches in an effort to diversify instructional strategies to reach different learners’ needs. 
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APPENDIX D 

Equilibrium Pretest 
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APPENDIX G 

Solubility and Precipitation Pretest 
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