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SUMMARY 

Why do college students in electronics appear to lose their interest and 

enthusiasm in learning electronics as they progress in their studies?  Is this a reflection 

on the teaching methods being used in the classroom and laboratories?  A review of 

the literature revealed a research gap in determining the effects of project-based 

learning (PBL) on retaining students’ interest and enthusiasm in learning electronics. 

The design of this research study compared the effects of two laboratory teaching 

methods, a constructivist-based approach called PBL versus a prescriptive learning 

approach.  The purpose of this research study was to explore how using PBL affects 

students’ academic achievement, students’ attitudes towards learning electronics, 

students’ perceptions of PBL, students’ intrinsic motivation, and students’ learning 

style within the context of a course in Industrial Electronics.    

The research study was conducted in the laboratory classes of the first-year 

Analog Circuits course at Vanier College with a sample size of 25 students.  There 

were two control groups and one experimental group.  The participants of each group 

were not randomly selected but rather placed by the college registrar depending on the 

students’ schedule availability.  All the participants were treated the same except for 

the instructions they received in the laboratory class. The research study used a mixed-

method research integrating both quantitative and qualitative research methods.   The 

quantitative research method type was a quasi-experimental time-series design with a 

non-equivalent control group while the qualitative research method was a sequential 

explanatory design.  The cognitive learning outcome measured was students’ academic 

achievement, the cognitive and affective learning outcomes measured were students’ 

attitudes towards electronics while the affective learning outcome measured was 

students’ motivation in learning electronics. The treatment period in the experimental 

group was during the 2-hour weekly laboratory classes.   During the first seven weeks 

of the 15 week Analog Circuits course, both the control and experimental groups used 



 

prescriptive learning.  For the remaining eight weeks of the course, the control groups 

used prescriptive learning while the experimental group used PBL.   

 

While the research studies noted in the literature review yielded a positive result 

in students’ academic achievement when using PBL, this research study did not yield 

similar results.  The hypothesis regarding the efficacy of using PBL on students’ 

academic achievement was not validated.  Similar to the research studies in the 

literature review, this research study found that there were mixed results for students’ 

attitudes towards electronics.  Specifically, there was no improvement in students’ 

feelings and behaviours associated with electronics but a positive improvement in 

students’ beliefs about electronics.   These mixed results partly validated the hypothesis 

regarding the efficacy of using PBL on students’ attitudes towards learning electronics.   

With respect to students’ intrinsic motivation in learning electronics, the literature 

review noted that PBL positively affected the quality of students’ engagement to a task, 

positively affected the value students placed on a task, and students’ confidence in their 

cognitive skills to perform a task was not affected.    This research study in contrast 

found no significant change in the quality of students’ engagement to a task, no 

significant change in the value students placed on a task but found a positive 

improvement in students’ confidence in their cognitive skills to perform a task. The 

results in this research study did not corroborate the findings in the literature review of 

using PBL to positively affect students’ motivation in learning electronics.  In addition, 

this research study found that there were two positive perceptions of using PBL.   The 

students found the PBL lab activities were more motivating to learn and were more 

helpful in understanding the theory as compared to the prescriptive lab activities.  Even 

with students’ positive perceptions in using PBL, this did not result in a change in 

students’ academic achievement or students’ intrinsic motivation.  

 

While researchers have recognized the benefits of PBL for decades, the research 

studies showed that there were mixed findings regarding how students’ academic 

achievement was assessed and which type of student benefited the most from using 



PBL. This research study showed no significant change in the cognitive outcome of 

students’ academic achievement, mixed results in the cognitive and affective outcomes 

of students’ attitudes towards learning electronics, and no significant change in the 

affective outcome of students’ intrinsic motivation in learning electronics.  Of 

particular interest from the findings of this research study was the change in students’ 

learning style for the both the experimental and the control groups.    The PBL lab 

activities changed the students’ learning style from thinking less about theoretical 

models and more towards experimentation. While students’ academic achievement, 

attitudes towards learning electronics, and intrinsic motivation seem difficult to change 

in the short-term, the use of PBL for the laboratory activities was found to be an 

effective instructional method for changing students’ learning style in the short term. 

A recommendation for a college-level technology program or a university-level 

engineering program is to conduct a pilot study on implementing PBL at a program 

level, where all courses would be taught using PBL.   



 

RÉSUMÉ 

 Pourquoi les étudiants1 inscrits au collégial en technologie de l’électronique 
industrielle semblent-ils perdre de leur intérêt et de leur motivation à mesure qu’ils 
avancent dans l’étude de l’électronique ? Les méthodes d’enseignement utilisées en 
classe et en laboratoire dans ce programme sont-elles en cause ? Peu de recherches dans 
la littérature spécialisée et scientifique documentent cette question. Aussi, étudier les 
effets de la pédagogie ou de l’apprentissage par projet (APP2) sur le maintien de 
l’intérêt et de la motivation des étudiants à apprendre l’électronique, voire à réussir 
dans leur programme d’études, s’avère-t-il nécessaire.  
 
 Notre étude compare deux méthodes d’enseignement en laboratoire, soit 
l’approche d’apprentissage fondée sur la pédagogie par projet versus l’approche 
prescriptive (normative). Notre objectif : dans le contexte d’un cours en technologie 
de l’électronique industrielle, examiner comment l’APP influe sur la réussite scolaire 
des étudiants, leur attitude comme apprenants, leur perception de l’APP, leur 
motivation intrinsèque et leur mode d’apprentissage.  
 
 Nous avons effectué cette étude lors des laboratoires du cours Analog Circuits, 
avec un échantillon de 25 étudiants de première année inscrits au programme Industrial 
Electronics du Collège Vanier. Pour les besoins de notre étude, ce groupe de 
25 étudiants a été réparti en trois groupes distincts, un d’intervention (expérimental) et 
deux de contrôle (témoin). Le Registrariat du Collège a sélectionné les participants en 
fonction de la disponibilité et des horaires de chaque étudiant. Durant la recherche, tous 
ont reçu le même traitement, sauf en ce qui concerne les instructions qu’on leur a 
données, lesquelles différaient selon le groupe dans lequel ils se trouvaient.  
 L’approche méthodologique mixte utilisée pour cette étude combine deux 
démarches, quantitative et qualitative. Alors que celle-là est de type quasi expérimental 
(étude d’intervention) à série temporelle (modèle chronologique) avec un groupe de 
contrôle (groupe témoin) non équivalent, celle-ci est de type séquentiel explicatif. Les 
données ou résultats obtenus et mesurés sur les plans cognitif et affectif pour 
l’apprentissage de l’électronique sont les suivants : 

 Le rendement scolaire des étudiants (domaine cognitif), 
 Leur motivation à apprendre l’électronique (domaine affectif), 
 Leur attitude à l’égard de l’électronique (domaines cognitif et affectif). 

 
La durée de chaque intervention pour le groupe expérimental (groupe d’intervention) 
durant les laboratoires hebdomadaires était de deux heures. Il est à noter que le cours 
Analog Circuits s’échelonnait sur quinze semaines. Durant les sept premières 
semaines, nous avons soumis à un type d’apprentissage et d’encadrement normatif 

                                                 
1 Dans ce document, le genre masculin est utilisé comme générique, dans le seul but de ne pas alourdir le texte. 
2 Le terme PBL réfère en anglais à Project based learning et Problem based learning. Nous parlerons ici 
d’apprentissage par projet (APP).  



 

(prescriptif) tant les deux groupes de contrôle (témoin) que le groupe expérimental 
(d’intervention). Pour les huit dernières semaines du cours, seuls les groupes de 
contrôle (témoin) ont poursuivi leur apprentissage dans un cadre normatif, pendant que 
le groupe expérimental se trouvait en APP. 
 
 Alors que la littérature scientifique présente des résultats positifs concernant la 
réussite scolaire des étudiants qui suivent un cursus basé sur l’APP, notre étude obtient 
des résultats différents sur cette question. Nous n’avons donc pas pu valider 
l’hypothèse selon laquelle l’APP favoriserait la réussite scolaire des étudiants, ou le 
maintien de leur intérêt ou de leur motivation à apprendre. Toutefois, à l’instar des 
études menées dans le cadre d’autres recherches sur la question, notre étude révèle que 
l’attitude des élèves à l’égard de l’électronique est mitigée. D’une part, elle montre que 
l’APP n’améliore pas nécessairement l’attitude des étudiants par rapport à 
l’électronique, ou leurs sentiments ou comportements relativement à cette branche de 
la physique. D’autre part, elle montre que l’APP donne des résultats encourageants en 
ce qui a trait à la façon dont les étudiants perçoivent, positivement, leur capacité 
d’apprentissage de l’électronique. En ce qui concerne leur motivation intrinsèque à 
apprendre, la littérature scientifique note un impact positif de l’APP sur la qualité de 
leur engagement à réaliser ou à accomplir une tâche, et à la valeur qu’ils lui accordent. 
En revanche, notre étude ne révèle aucun changement significatif sur ce plan. 
Effectivement, en ce qui a trait à la qualité de l’engagement affectif des étudiants dans 
les tâches qui leur sont confiées, ou à la valeur que ces derniers reconnaissent ou 
accordent à celles-ci : aucune amélioration ou modification notable. Par ailleurs, nous 
avons constaté une amélioration significative de la confiance des étudiants en leurs 
compétences cognitives pour effectuer ces tâches.  
 

Nos résultats de recherche ne corroborent donc pas ceux de la littérature 
scientifique concernant l’utilisation de l’APP ; ils ne valident que partiellement 
l’utilisation de cette approche pour influencer positivement la motivation des étudiants 
à apprendre l’électronique. Ajoutons toutefois que notre étude a fait ressortir deux 
aspects positifs de l’utilisation de l’APP. En effet, les étudiants du groupe expérimental 
ont trouvé que les activités effectuées en laboratoire et axées sur l’APP, en comparaison 
aux activités normatives habituelles, non seulement s’avéraient pour eux plus 
motivantes, mais aussi les aidaient davantage à comprendre la théorie. Cela dit, 
rappelons que notre étude ne révèle aucun changement significatif notable en ce qui a 
trait aux résultats scolaires de ces étudiants ou à leur motivation intrinsèque à apprendre 
l’électronique.  
 

Les chercheurs reconnaissent les avantages de l’APP depuis plusieurs 
décennies. Or, des études montrent que certaines conclusions demeurent contestables, 
notamment en ce qui concerne la façon dont on évalue parfois les résultats scolaires et 
le type d’étudiants qui semblent tirer davantage profit de l’APP. Rappelons à nouveau 
que les résultats de notre étude tendent quant à eux à ne démontrer aucun changement 
important concernant la réussite scolaire des étudiants (données cognitives), ou leur 
motivation à apprendre l’électronique (données affectives). Et les résultats que nous 



 

avons obtenus, relativement à l’attitude des étudiants à l’égard de l’électronique 
(données cognitives et affectives), demeurent mitigés.  

 
Parmi les résultats les plus intéressants révélés par notre étude, notons le 

changement observé dans le style d’apprentissage des étudiants, particulièrement ceux 
du groupe expérimental. En effet, les activités effectuées en laboratoire et axées sur 
l’APP ont contribué à modifier le style d’apprentissage des étudiants, qui sont passés 
d’une démarche d’apprentissage basée sur les modèles théoriques à une démarche qui 
repose davantage sur l’expérimentation. Par conséquent, les résultats obtenus dans 
notre étude et liés à la réussite scolaire des étudiants, à leur attitude par rapport à 
l’électronique ou à leur motivation intrinsèque à apprendre l’électronique restent 
difficiles à modifier à court terme. Cependant, les résultats liés aux activités effectuées 
en laboratoire et axées sur l’APP montrent que les étudiants peuvent modifier 
rapidement leur style d’apprentissage. Obtenir d’autres résultats concluants sur ce plan, 
notamment grâce à des études effectuées dans des programmes similaires à celui de 
Technologie de l’électronique industrielle du Collège Vanier, s’avérerait évidemment 
tout à fait pertinents. Aussi, notre étude recommande-t-elle la mise en œuvre d’un 
projet pilote, aux niveaux collégial et universitaire, où tous les cours d’un même 
programme soit de technologie soit d’ingénierie seraient axés sur l’APP.  
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INTRODUCTION 

The field of electronics is an applied science discipline where hands-on skills 

are required in order to learn and apply the theoretical concepts.   

 

At Vanier College, a CEGEP in Montreal, Quebec, the Industrial Electronics 

program is a three year engineering technology program in electronics where graduates 

can then either pursue their studies in engineering at university or become professional 

technologists in the electronics field.  The curriculum of the program is such that the 

first-year courses focuses on students’ learning the fundamentals of electronics, the 

second-year courses focuses on students’ integrating different technologies, and the 

third-year courses focuses on students’ applying their knowledge.  Similar to other 

electrical engineering programs at the university level and electrical technology 

programs at the college level, the first-year laboratory classes in the Industrial 

Electronics program at Vanier College are taught in a highly structured and formalized 

approach using prescriptive learning methods.  While the second and third year 

laboratory classes are intended to be taught using more active learning models, the use 

of prescriptive learning methods continues to be prevalent in second and third year 

laboratory classes.  

 

This research endeavour will be investigating the efficacy of using prescriptive 

learning methods and experimental methods, in particular PBL in learning in laboratory 

classes in the Analog Circuits course.  The goal will be to determine which learning 

method yields more positive results in students’ academic performance and in students’ 

attitudes towards electronics.  Of particular interest is whether or not either of those 

methods affects students’ intrinsic motivation, students’ perceptions of PBL, and 

students’ learning styles.  

 

 



 
 

CHAPTER ONE 

PROBLEM STATEMENT 

1 INTRODUCTION 

 

In an informal poll of the first-year students of the Industrial Electronics 

program at Vanier College, the majority of the students said that they chose the 

program because they enjoyed the hands-on part of electronics.  Learning electronics 

hands-on infers using an inductive approach to learning.   As those first-year students 

progressed from first to second and then to third-year, it was noticed that they appeared 

to lose their interest and enthusiasm in learning electronics.  This pattern was noted 

over the last few years.  So, what is happening?  Is this a reflection on the teaching 

methods being used in the classroom and laboratories?  

 

According to Carter, Armour, Lee, and Sharples (1980), the aim of laboratory 

classes in engineering is to condition students to think and behave like professionals in 

that specific field.  Traditional college-level electronics technology and university-

level engineering instruction is deductive, beginning with learning theories in the 

classroom and then applying those theories in the laboratory class.  First-year 

laboratory activities focus on prescriptive learning or cookbook experiments, where 

students follow a step by step procedure in order to arrive at the intended result.  The 

use of deductive instruction continues in the laboratory activities of the first, second 

and third year courses.  However, that does not reflect the work environment. Given a 

problem in the field, a graduate technologist needs to identify the problem, determine 

the parameters and constraints, evaluate a number of solutions, and then proceed with 

the optimal solution.  There is seemingly a mismatch between how first-year students 

expect to learn electronics, how first-year students are taught electronics, and how 

graduates practice electronics in the field.  While the use of prescriptive learning in 

first-year laboratory classes places more emphasis on reinforcing students’ theoretical 

knowledge, the use of prescriptive learning places less emphasis on higher order 
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cognitive skills such as problem-solving which could result in a loss of interest and 

enthusiasm in learning electronics.   

 

This research study will compare two laboratory teaching methods in a first-

year course called Analog Circuits in the Industrial Electronics program.  The purpose 

of this study is to explore the effects of a constructivist-based approach called PBL. A 

comparative study will be made on using PBL versus prescriptive learning in 

laboratory activities in order to measure the effects on students’ academic achievement 

and on students’ attitudes towards learning electronics. The results of this study could 

be used to do further research on improving the teaching of first-year courses in 

college-level electronics technology and university-level engineering programs in 

order to better match how electronics is taught by teachers, learned by students, and 

practiced by graduates.     

 

Please note, a glossary of the terms can be found in Appendix D. 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

1 PROJECT-BASED LEARNING 

 

Active learning is an instructional method that requires students to do 

meaningful learning activities and think about what they are doing (Prince, 2004).    

There are a variety of active learning strategies that includes cooperative learning, 

cooperative learning, experiential learning, problem-based learning, and project-based 

learning.  According to Mills and Treagust (Mills & Treagust, 2003),  PBL is 

appropriate for the engineering discipline because “almost every task undertaken in the 

professional practice by an engineer will be in relation to a project” (p.144).   Various 

authors have noted the benefits of PBL:  the development of students’ high-level 

cognitive skills (Woods, 1994), the development of students’ skills of teamwork, 

communication, and solving real-world problems (Duch, Groh, & Allen, 2001), and 

the opportunity to build more meaningful connections rather than small and fragmented 

assessment tasks typical of traditional courses (Boud, 2010).  

2 SCRUM AGILE METHODOLOGY 

 

While using PBL is appropriate for the engineering discipline, Milentijevic, 

Ciric, and Vokinovic (Milentijevic, Ciric, & Vokinovic, 2008) noted that PBL is less 

structured than tasks in a traditional course.  Such that, working in a non-structured 

environment can introduce significant side effects such as difficulty in identifying 

phases of a project, difficulty in managing the levels of cooperation and collaboration 

in a team, and difficulty in evaluating individuals in a team.      

 

Scrum Agile Methodology was developed 15 years ago for the software 

industry is now widely used in this industry.   Scrum Agile Methodology is a 

framework linking roles, scrum events (tasks of a project), and artefacts (tangible by-
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product produced during product development).     The roles includes product 

owner, scrum master and development team; the scrum events include the sprint (time 

period allotted), sprint meeting, daily scrum, and sprint review.     

 

The comparable principles between PBL and the Scrum Agile Methodology is 

that 1) there is not one right answer, 2) there is team-based learning and development, 

and 3) that there is self-directed learning (Savin-Baden & Major, 2004).    According 

to Ovesen (2013), “scrum promotes an experiential approach through iterative and 

incremental loops that to a large extent mimics the principles of the generic learning 

cycle suggested by Kolb” (p. 858).   In evaluating the benefits of using Scrum and PBL 

in a laboratory class,  Zapater, Malagon, de Goyeneche, and Moya (2013) found both 

motivation and student satisfaction to be higher compared to a traditional course.    

3 ATTITUDES TOWARDS A SUBJECT MATTER 

 

Active learning promotes the development of students’ higher-order cognitive 

skills.  There are three learning domains:  cognitive, affective, and psychomotor. 

Attitude is an affective learning outcome (Greenwald, 1989).   Studies show that 

positive attitudes towards sciences relates positively with achievement (Mattern & 

Schau, 2001).  Attitudes includes the emotional, cognitive, and behaviorial constructs.  

Attitudes cannot be directly observed but are inferred from behaviour in the form of 

verbal responses or observable actions.  The emotional construct refers to feelings 

associated to the subject matter; the cognitive construct refers to beliefs associated to 

the subject matter while the behaviourial construct refers to behaviours associated with 

the subject matter (Bednar & Levie, 1993).   

4 INTRINSIC MOTIVATION 

 

Motivation is an important factor that affects students’ academic achievement. 

According to Pintrich (2003) “motivational constructs are used to explain the
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instigation of behaviour, the direction of behaviour (choice), the intensity of behaviour 

(effort, persistence), and actual achievements” (p.104).  Intrinsic motivation is one of 

the types of motivation.  It is an affective learning outcome that includes the constructs 

of interest, academic efficacy and cognitive engagement.  The interest construct refers 

to the value and importance a student places on a task; the academic efficacy construct 

refers to a student’s confidence in their cognitive skills to perform a task while the 

cognitive engagement construct refers to the quality of a student’s engagement to a task 

(Pintrich, 2003).    

5 LEARNING STYLES 

 

According to Dunkin and Biddle (1974), the factors that affect the students’ 

learning outcomes of academic achievement and attitudes are as a result of four major 

variable types: presage variables (teaching skills, teaching styles, and teacher’s 

personal traits and characteristics), context variables (student’s personality traits, 

learner’s learning styles),  process variables (interaction between teacher and student) 

and product variables (interaction between teaching and learning).    Witkin (1973) 

noted that a student’s learning style influences their preference for particular teaching 

strategies and learning environments. Some researchers believe the learning style 

construct is difficult to change whereas other researchers believe learning styles change 

in order to adapt to the different learning environments (Tsingos, Bosnic-Anticevich, 

& Smith, 2015).   According to Vaughn and Baker (2001), providing creative 

mismatched instructional strategies stimulates both learning and flexibility in learning.   

6 CONSTRUCTIVISM 

 

Cognitive and social constructivism are two main schools of constructivism.  

Cognitive constructivism is based on the work of Piaget where creating knowledge is 

actively constructed by learners based on their existing knowledge while social 

constructivism is based on the work of Vygotsky where creating knowledge is 
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constructed through the interaction with others.   Constructivism is based on the 

following principles: 1) learners create their own knowledge; 2) new knowledge is built 

on prior knowledge; 3) learning works best in a social interaction; 4) learning develops 

through authentic tasks.  The roots of constructivism can be traced back to the 18th 

century.  Theorists that applied constructivism principles to their own learning theories 

include John Dewey and Jean Piaget.  Dewey (1938) stated that “all genuine education 

comes about through experience” (p.25) while Piaget (1973) stated that the basis of 

learning is discovery. As will be seen below, the theoretical basis of Kolb’s experiential 

learning theory is based on the works of Dewey and Piaget. There exists a relationship 

between the constructivism principle of creating knowledge from experience (prior 

knowledge) and Kolb’s experiential learning model.   

7 EXPERIENTIAL LEARNING 

 

Kolb’s (1984) Experiential Learning Theory states that creating knowledge is 

a continuous process of transforming concepts into knowledge through experience.  

The ELT model proposes that optimal learning takes places when learners go through 

all four learning modes of the model.  Kolb’s Experiential Learning Theory together 

with Kolb’s Learning Styles Inventory gave rise to Kolb’s Experiential Learning Cycle 

(Kolb & Kolb, 2009) (see Figure 1).   A study by Wyrick and Hilsen (2002) found that 

the majority of students in industrial engineering were convergers, students with a 

converging learning style.  Convergers are characterized by the abstract 

conceptualization and active experimentation stages.   With Kolb’s Experiential 

Learning Cycle model, every learning style can now be placed within the four 

quadrants (Pimental, 1999).    
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Figure 1 Kolb's Experiential Learning Cycle.   

 

Figure 1 shows Kolb’s Experiential Learning Cycle Model.  It is composed of 

four learning modes and four knowledge modes.  The four learning modes are concrete 

experience (feeling), reflective observation (watching), abstract conceptualization 

(thinking), and active experimentation (doing) while the four knowledge forms are 

diverging, assimilating, converging, and accommodating.  There are two continuums 

in the model: east-west axis and north-south axis.    The east-west axis is the processing 

continuum (watching vs doing) and the north-south axis is the perception continuum 

(feeling vs thinking).  The processing continuum refers to how one approaches a task 

while the perception continuum refers to how one feels or thinks about a task.  In the 

east-west processing continuum,  those who prefer reflective observation believe 

watching to see how things work while those who prefer active experimentation believe 

trying things first to see how things work.  On the other hand, in the north-south 

perception continuum,  those who prefer concrete experience believe in looking at 
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things as they are without any changes while those who prefer abstract conception 

believe looking at things internally in order construct an internal model. 

 

The theoretical basis of Kolb’s experiential learning theory is based on the 

works of Dewey (1938), Lewin (1951), and Piaget (1970).  One of the factors 

influencing Kolb’s model was Dewey’s model of experiential learning, which states 

that learning is an overlapping process of experience, knowledge, observations, and 

actions.  As Kolb (1984) explains, Dewey’s model showed that the experience is 

formed from the observation of an action and the use of prior knowledge.  A second 

source for Kolb’s model was Lewin’s model of experiential learning model, which 

states that learning is a four-stage cycle where experiences forms the basis of 

observations and reflections, and these observations are assimilated into theories that 

then serve to create new experiences.   A third source for Kolb’s model was Piaget’s 

model of cognitive development, which is similar to Dewey’s and Lewin’s learning 

models.    

 

Kolb (1984) states that in order for the experiential learning model to be 

effective, learning needs to begin with the recognition of the student’s experiences and 

prior knowledge.   In Kolb and Kolb (2005), inside-out learning is described as a 

process by which “linking educational experiences to the learner’s interests kindles 

intrinsic motivation and increases learning effectiveness” (p. 209).   



 
 

CHAPTER THREE 

LITERATURE REVIEW 

1 INTRODUCTION 

 

This literature review provides a summary of the research that has been 

published to date regarding teaching laboratory classes using PBL.  The Université de 

Sherbrooke online database was searched for the keywords such as PBL, experiential 

learning, attitudes, motivation, learning styles, and academic achievement.   Scholarly 

journals and research articles were also searched using Internet searches of the above 

listed keywords.  In doing the literature review, the focus was to find studies of using 

PBL in the discipline of electronics or science either at the elementary, high school, 

college or university level.   The research studies that were found used either 

quantitative research or a mixture of quantitative and qualitative research.    

2 USING PBL FOR LABORATORY INSTRUCTION 

 

The field of engineering is a practical discipline where laboratory instruction is 

an essential part of student learning.  The goals set by the Accreditation Board for 

Engineering and Technology in regards to learning outcomes for laboratory instruction 

is the following: 1) students should be able to illustrate theoretical concepts and 

principles; 2) students should have the ability to design and investigate; 3) students 

should learn social skills and other team skills; 4) students should be able to apply 

knowledge to practice (Ma & Nickerson, 2006).  The standard practice of college-level 

engineering technology and university-level engineering programs is to have the 

laboratory activities of first-year courses serve only to reinforce theoretical concepts 

and principles.  There is however much discussion in the literature regarding the use of 

different types of laboratory instruction to address the problem of retaining students’ 

interests in first-year engineering courses (Carter, Armour, Lee, & Sharples, 1980).  

The two most popular approaches used in reforming engineering education are project-
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based learning and problem-based learning (Noordin, Nasir, Ali, & Nordin, 2011). 

While problem-based learning is used primarily in medical education, project-based 

learning is best suited for engineering and science education because projects can be 

applied to solving problems.     

3 INCREASE IN STUDENTS’ ACADEMIC ACHIEVEMENT 

 

Although there seems to be a need to determine which laboratory teaching 

method yields a more positive results in students’ academic achievement,  it is however 

difficult to find research studies that used PBL in laboratory classes.  Three studies 

(Atkins, Durham, Smit, & VanDenend, 2012; Doppelt, 2003; Waks & Sabag, 2004) 

were found that were useful to the orientation of this research study.  These three 

studies found that using PBL increased students’ academic achievement.  However, of 

particular interest was the research study by Waks and Sabag (2004) titled “Technology 

Project Learning versus Lab Experimentation”.  This quasi-experimental research 

study focused on comparing two groups, one group used PBL while the other group 

used a prescriptive learning method.  Similar to the orientation of this research study, 

the Waks and Sabag research study collected quantitative data from 34 high school 

students in a laboratory class of a Digital Electronics course.  The study found that the 

students’ academic achievements were higher on test grades by an average of 14%, 

during and after the experiment, than those of the control group.   The experimental 

research study by Doppelt (2003) and the action research study by Atkins, Durham, 

Smit, & VanDenend (2012) also both yielded a positive result in students’ academic 

achievement but with different data collection methods.  While the Doppelt research 

study collected qualitative data from 54 high school students in an electronics course, 

the Atkins et al. research study collected both qualitative and quantitative data from 23 

4th grade students in a science course. Unlike the Waks and Sabag research study, the 

Doppelt research study reported an indirect measure of improvement in students’ 

academic achievement by noting the change in pass rate of matriculation exams, from 

0% to 69%, for those students who participated in the qualitative research study using 
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PBL and who then wrote the final matriculation exam in the following year.   As with 

the two other research studies, the Atkins et al. research study also reported an 

improvement in the students’ academic achievement but no research data was 

provided.    

 

From the three empirical studies found, only the Waks and Sabag research study 

provided the findings of the validity tests of the instruments used and provided the 

statistical analysis of the data.  The internal validity tests showed high correlations, 

with alpha Cronbach values of 0.72 and 0.87, for achievement tests corrected by two 

different testers. The scores of the 3 achievement tests were analyzed and the results of 

the MANOVA (p = 0.05) showed a statistical significance indicating that the students’ 

academic achievement in the experimental group was higher than the control group.  

4 INCREASE IN STUDENTS’ POSITIVE ATTITUDES TOWARDS A SUBJECT 

MATTER 

  

While the effects of PBL on students’ attitudes have been studied in detail, most 

of these research studies focused on the subject matter of science at the grade school 

or high school level.   No research studies were found on the relationship between 

students’ attitudes towards a subject matter and the use of PBL in laboratory classes.  

However, two studies (Karacalli & Korur, 2014; Kavacik, Yelken, & Surmeli, 2015) 

were found that were useful to the orientation of this research study.  In Karacalli and 

Korur (2014), researchers Murphy (2004), Seloni (2005), Sertturk (2008), Singer, 

Marx, Krajcik, and Clay-Chambers (2000), found that PBL increased students’ 

attitudes towards science.  Likewise, in Kavacik, Yelken, and Surmeli (2015), studies 

done by researchers Bilgen and Karaduman (2005), Catherine and Barry (2008), and 

Salan, Birbir, and Birbir (1999) were presented. They also found that PBL had a 

positive effect on students’ attitudes towards science. Similar to the orientation of this 

research study, both studies (Karacalli & Korur, 2014; Kavacik, Yelken, & Surmeli, 

2015) were based on a quasi-experimental design with a control group that included a 
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pre-test and post-test.  The experimental study by Karacalli and Korur (2014) collected 

quantitative and qualitative data from 143 students in a 4th grade science course while 

the experimental study by Kavacik et al. (2015) collected data from 67 students in a 6th 

grade science and technology course.  Both research studies (Karacalli and Korur, 

2014; Kavacik et al., 2015) found that there was no significant difference in students’ 

attitudes towards a subject matter.  An explanation for these findings was provided by 

researchers Gultekin (2009), Osborne, Simon, and Collins (2003), and Toprak (2006) 

suggesting that students’ attitudes cannot increase in a short period of time in 

experimental studies.     

 

Both the Kavacik et al. (2015) and the Karacalli and Korur (2014) research 

studies provided the findings of the validity of the instruments used.   The Kavacik et 

al. (2015) research study provided the findings of the validity test for the 27 item likert-

scaled questions for students’ attitudes on using PBL.   The internal validity test showed 

a high correlation with an alpha Cronbach value of 0.86.   Similarly, the Karacalli and 

Korur (2014) research study also found a high correlation of 0.89 for the 25 item likert 

scaled questions.    

5 INCREASE IN STUDENTS’ INSTRINSIC MOTIVATION 

 

While researchers have noted the motivational effect that projects can have on 

students was well documented, only a few studies were found that examined the 

relationship between students’ motivation and the use of PBL in laboratory classes.  

Five studies (Atkins, Durham, Smit, & VanDenend, 2012; Doppelt, 2003; Nedic, 

Nafalski, & Machotka, 2010; Ocak & Uluyol, 2010; Vanasupa, Chen, Stolk, Savage, 

Harding, London, & Hughes, 2007) were found that were useful to the orientation of 

this research study.   These five research studies found that using PBL resulted in an 

increase in students’ motivation towards learning electronics.  Of particular interest 

was the research study by Vanasupa, Chen, Stolk, Savage, Harding, London, and 

Hughes (2007) titled “Converting traditional materials labs to project-based learning 
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experiences: Aiding students' development of higher-order cognitive skills” and the 

research study by Ocak and Uluyol (2010) titled “Investigation of college students’ 

intrinsic motivation in project based learning”.  Similar to the research methodology 

proposed in this research study, the Vanasupa et al. research study was a quasi-

experimental study that collected quantitative and qualitative data from 36 2nd year 

university students in a materials design engineering course where the performance of 

test groups was compared to those in the quasi-control groups. As with the Vanasupa 

et al. research study, the Ocak and Uluyol research study also collected quantitative 

and qualitative data in a design engineering course.  The research data was collected 

from a one-shot case-study from 55 university students in a computer hardware course.  

Unlike the research methodology of the Vanasupa et al. and Ocak and Uluyol research 

studies,  the research study by Atkins et al. (2012) was an action research study, the 

research study by Doppelt (2003) was an experimental research study while the 

research study by Nedic et al. (2010) was a case study.    

 

Both of the reviewed quasi-experimental research studies showed that PBL 

resulted in an increase in students’ intrinsic motivation.  The Vanasupa et al. study 

found that the students in the experimental group showed a significantly higher 

intrinsic motivation score than those in the quasi-control groups.   Similarly, in the 

Ocak and Uluyol research study, PBL positively affected the students’ intrinsic 

motivation constructs of cognitive engagement, interest engagement while academic 

efficacy was not affected.  The Ocak and Uluyol research study also noted that students 

expressed problems in working in groups in that some of the team members did not 

fully engage in collaborative work.   

 

While the other three research studies (Atkins, Durham, Smit, & VanDenend, 

2012; Doppelt, 2003; Nedic, Nafalski, & Machotka, 2010)  also found that using PBL 

resulted in an increase in students’ intrinsic motivation, the methodologies used were 

dissimilar to this research study.  In the Atkins et al. research study, students were 

asked to complete exit cards at the end of each lesson to determine their interest level.  
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The exit cards contained questions that asked the students to reflect upon the lesson.  

The exit cards were then collected, coded, and analyzed.  The Atkins et al. research 

study found that the students’ interest level increased in the PBL classes. In the Doppelt 

research study, the results from the closed-end survey found the 98% of the students 

enjoyed the PBL classes.  Similarly, from the results from the 10 question survey, the 

Nedic et al. research study found that 63% of respondents were either satisfied or 

strongly satisfied with a PBL laboratory class in a first-year electrical engineering 

university course. 

 

Only the Ocak and Uluyol and the Vanauspa et al. research studies provided 

the findings of the validity tests of the instruments used and the statistical analysis of 

the data.  To measure the characteristics of the learning environment and intrinsic 

motivation, both studies used the instruments of a survey consisting of likert-type 

questions for the quantitative data and a questionnaire with open-ended questions for 

the qualitative data.  As a means of data collection, the Ocak and Uluyol research study 

used the Internal Motivation Measurement Survey (IMS) while the Vanauspa et al. 

research study used the Situational Intrinsic Motivation Scale (SIMS).  The internal 

validity test for the IMS survey in the Ocak and Uluyol research study, showed a high 

correlation for the intrinsic motivation components of cognitive engagement and 

interest, having alpha Cronbach values of 0.73 and 0.68 respectively. Because the 

SIMS survey in the Vanauspa et al. research study has been shown to be both externally 

valid and internally reliable, a confirmatory factor analysis was used instead.  Both 

surveys were analyzed.  The results of the paired t-test (p=0.001) from the Vanasupa 

et al. research study indicated a statistical significance that the intrinsic motivation of 

the test groups was higher than the control groups.  Similarly, the Ocak and Uluyol 

research study revealed that when multiple and partial correlations tests were done 

between the components of the learning environment and components of intrinsic 

motivations, there was a positive and statistically significant relationship between the 

learning environment and interest, and a moderate and statistically significant 

relationship with cognitive engagement.   
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6 SUMMARY OF THE LITERATURE REVIEW 

 

The literature review shows that using a PBL approach in either theory classes 

or laboratory classes positively affected students’ academic achievement and intrinsic 

motivation (Atkins et al., 2012; Doppelt, 2003; Nedic et al., 2010; Ocak et al., 2010; 

Vanasupa et al., 2007; Waks & Sabag, 2004).  More specifically, three studies (Atkins 

et al., 2012; Doppelt., 2003; Waks & Sabag, 2004) found that using PBL increased 

students’ academic achievement. Five studies (Atkins et al., 2012;  Doppelt, 2003; 

Nedic et al., 2010; Ocak et al., 2010; Vanasupa et al., 2007) found that using PBL 

resulted in an increase in students’ motivation towards learning electronics.  However, 

both research studies by Karacalli and Korur (Karacalli & Korur, 2014) and Kavacik ( 

Kavacik et al., 2015) found that there was no significant difference in students’ 

attitudes towards the  subject matter.  And finally, there was still mixed findings in the 

literature regarding how students’ academic achievement was assessed (Ma and 

Nickerson, 2006) and which type of student benefited the most from using PBL 

(Doppelt, 2003; Waks & Sabag, 2004).   

7 RESEARCH QUESTIONS AND HYPOTHESES 

 

The purpose of this study was to explore how using a constructivist-based 

approach, called PBL, affects students’ academic achievement, students’ attitudes 

towards learning electronics, students’ intrinsic motivation, students’ perceptions of 

PBL, and students’ learning style. This research study was guided by the following 

questions:   
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 Primary research questions:   

o Do students’ academic achievement improve using the 
experiential learning method of PBL for laboratory 
activities? 

o Do students’ attitudes towards learning electronics 
improve using the experiential learning method of PBL for 
laboratory activities? 

 

       The corresponding hypotheses are as follows: 

o There is a significant difference in students’ academic 
achievement in laboratory activities when using the experiential 
learning method of PBL rather than using prescriptive learning. 

o There is a significant difference in students’ attitudes towards 
learning electronics in laboratory activities when using the 
experiential learning method of PBL rather than using 
prescriptive learning. 

 

 Secondary research questions:   

o What are the effects on students’ intrinsic motivation when 
using PBL for laboratory activities? 

o What are students’ perceptions when using PBL for 
laboratory activities? 

o What are the effects on students’ learning style when using 
PBL for laboratory activities? 

 

 



 
 

CHAPTER FOUR 

METHODOLOGY 

1 INTRODUCTION 

 

Both quantitative and qualitative methods were used to collect data pertinent to 

the research questions.  For the primary research questions the independent variable 

was the laboratory instructional approach, either prescriptive-learning or PBL, and the 

dependent variables were students’ academic achievement and attitudes towards 

learning electronics.  The data collected in answer to the secondary questions was based 

on survey questions, including open-ended questions and interviews.  The sample (25) 

was all the first year students in the Industrial Electronics program.  Data was collected 

in the theory and laboratory classes of the Analog Circuits course.  Testing was done 

on a regular interval basis, during the Winter semester, 2016.  Pre-testing of the 

instruments was done during the Winter semester, 2014.  Adjustments to the 

instruments were not necessary.  

2 RESEARCH DESIGN AND PROCEDURE 

 

2.1 The Design 

 

This research study used a mixed-method research integrating both quantitative  

and qualitative research methods.  The quantitative research method type was a quasi-

experimental time-series design with a non-equivalent control group while the 

qualitative research method  was a sequential explanatory design (Creswell, 2009).  

The quasi-experimental design with a non-equivalent control group was chosen for the 

quantitative design because the participants could not be randomly assigned. The 

qualitative design used a sequential explanatory design.  The qualitative results of the 

open-ended survey questions and interviews was used to help explain and interpret the 

findings of the quantitative research.    
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2.2 Threats to the Validity of the Research Design 

 

The quasi-experimental research method was chosen because random 

assignment of the participants was not be possible because the students were placed in 

a lab group by the college registrar based on their scheduling availability.  

Experimental designs and equivalent control groups would have been used if the 

participants could have been randomly selected for the experimental and control 

groups. A time-series was chosen because measurements were taken during the pre-

test period, during the treatment period, and during the post-test period.   In using the 

quasi-experimental research method, selection bias and history effects could likely to 

be a threat to validity of the research design.  A time-series design was used to reduce 

the impact of selection bias and a non-equivalent control group was used to reduce the 

impact of history effects. 

2.3 The Activity 

 

The research study was conducted during the Winter 2016 semester in the lab 

group’s 2-hour weekly laboratory class consisting of a period of 15 weeks. The activity 

took take place in the laboratory class of the Analog Circuits course.  There were two 

control groups and one experimental group.  Participants in the Analog Circuits course 

had the same theory classes, the same quizzes, the same midterm, the same final test, 

and the same lab reports. All their activities were the same except for their activities in 

the laboratory class. Existing laboratory activities that were based on prescriptive 

learning methods (see Appendix I) were converted to PBL based activities (see 

Appendix H).    

 

 In the laboratory classes, during the first eight weeks of the semester called the 

pre-test period, both the control and experimental groups used prescriptive learning in 

the laboratory class.  For the remaining seven weeks of the semester called the 
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treatment period, the control groups continued to use prescriptive learning while the 

experimental group used Scrum PBL.  Based on the scrum agile methodology, the 

treatment period of the experimental group was divided into seven sprints, each sprint 

had a duration of 1 week.    During sprint #1, the students in the experimental group 

decided to divide the Digital Storage Scope project into six parts.  For the remaining 

sprints, a different scrum master was nominated for each sprint.  The scrum master was 

then responsible for managing the 15 minute weekly scrum meeting, assigning tasks, 

and fostering team interaction.  During each scrum meeting, each student was asked to 

answer the following questions:  “what did you do since the last meeting?”, “what 

issues did you have?”, and “what will you do today?”   The scrum master then assigned 

a project task to each student in the experimental group.   Each project task was written 

on the whiteboard in the form of a scrum task board.   At the end of the sprint meeting, 

the scrum task board was updated with the status of each task either as in-progress or 

completed.    

 

2.4 The Procedure 

 

There were three lab groups in the Analog Circuit course, a Wednesday 8-10 

am lab class, a Wednesday 10 am-12 pm lab class, and a Thursday 11 am-1 pm lab 

class.  The two Wednesday lab classes were chosen as the control groups while the 

Thursday lab class as the experimental group.   The Thursday lab group was 

deliberately chosen as the experimental group in order to minimize the effect of one 

group of students sharing knowledge with another group as would have been the case 

for the successive Wednesday lab groups.  The participants in each group were not 

randomly selected but rather placed by the college registrar depending on their 

schedule availability.   All participants were asked to volunteer in completing a pre-

test questionnaire at the beginning of the semester in January 2016 and asked to 

complete a post-test questionnaire at the end of the semester in May 2016.   In addition, 

three participants from the experimental group were selected for the interview session 

at the end of the semester.    
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3 INSTRUMENTS 

 

This research study first investigated whether there was an improvement in 

students’ academic achievement and attitudes towards learning electronics when using 

the laboratory instructional method of PBL. The cognitive learning outcome that was 

measured was students’ academic achievement while the affective learning outcome 

that was measured was students’ attitudes and motivation towards learning electronics. 

The instruments used in this research study include the Midterm Test, Final Test, Lab 

Report #1 and Lab Report #2, Six Quizzes, Pre-Test and Post-Test Questionnaires, and 

Interviews. 

 

Figure 2 Quasi-experimental time-series research study 

 

Figure 2 shows the quasi-experimental time-series design of this research study 

where instruments were used before the midterm break (before the treatment period) 

and after the midterm break (during the treatment period and during the post-test 

period).  In addition, the instruments selected had a corresponding assessment before 

and after the midterm break.  A theory test before and after the midterm break;  a lab 

report before and after the midterm break;  three quizzes before the midterm break and 

three quizzes after the midterm break;  a pre-test questionnaire before the midterm 

break and a post-test questionnaire after the midterm break. 
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3.1 Academic Achievements Tests 

 

The academic achievement tests were used to measure students’ academic 

achievement.  These tests were used to measure the students’ laboratory skills and 

theoretical aspects of the Analog Circuits course competencies.   While were six 

academic achievement tests assessed during the course as specified in the course 

outline (see Appendix B), only four out of the six academic achievement tests were 

used in this research study to measure students’ academic achievement.  The selected 

academic achievement tests include the following: two theory tests, six quizzes, and 

two lab reports. The remaining two academic achievement tests that were not included 

in this research study were the lab test and the lab completion grade. These academic 

achievement tests were not included because they did not have an equivalent 

assessment during the pre-test period, during the treatment period, or during the post-

test period.  

3.1.1 Theory Tests (Midterm and Final Tests) 

Theory tests were developed to investigate students’ academic achievement.  

The theory tests included the midterm test and the final test. The midterm test was 

assessed before the midterm break while the final test was assessed after the midterm 

break. These tests were graded on a scale of 100 and carried a total weight of 30% of 

the final grade of the Analog Circuits course.  Both the midterm and final test were 

given to the participants in the theory class rather than in the laboratory class.   

3.1.2 Quizzes (Six Quizzes) 

 

Quizzes were also be developed to investigate students’ academic achievement.  

Six quizzes were given during the semester to each of the participants in both the 

control groups and experimental group.  Three quizzes were given before the midterm 

break while the other three quizzes were given after the midterm break.  The quiz was 
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graded on a scale of 10 and needed to have been completed within 20 minutes.  The 

quiz grade carried a total weight of 20% of the final grade. The six quizzes were given 

to the participants in the theory class rather than in the laboratory class.    

3.1.3 Lab Reports (Lab Report #1 and Lab Report #2) 

 

The lab reports were developed to investigate students’ academic achievement 

in the laboratory class.  These lab reports were graded on a scale of 100 and carried a 

total weight of 25% of the final grade.  Both lab reports were given to the participants 

in the laboratory class only. Lab Report #1 was assessed before the midterm break 

while the Lab Report #2 was assessed after the midterm break  

 

3.2 Questionnaires (Pre-Test and Post-Test) 

 

Questionnaires were developed to investigate students’ attitudes towards 

learning electronics, students’ intrinsic motivation, students’ perceptions of PBL, and 

students’ learning styles.   There were two questionnaires developed.  A pre-test 

questionnaire (see Appendix F) and a post-test questionnaire (see Appendix E). The 

pre-test questionnaire was given out during pre-test period while the post-test 

questionnaire was given out during the post-test period.   The pre-test questionnaire 

was a 25 item questionnaire that was used to measure students’ attitudes towards 

learning electronics, students’ intrinsic motivation, students’ perceptions of PBL, and 

students’ learning styles.   The post-test questionnaire was the same as the pre-test 

questionnaire with the exception of the four added questions: one likert question and 

three open-ended questions that were used to evaluate students’ perceptions about the 

difference between the activities before and after the midterm break. 

3.3 Interview 
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Interview questions were developed to investigate students’ attitudes towards 

learning electronics, students’ motivation and perceptions of PBL, and students’ 

learning styles.    The interview responses were used to supplement the results of the 

quantitative data.  The design of the interview consisted of 10 open-ended questions 

(see Appendix C).   The researcher selected three participants from the experimental 

group.  The selection of the participants for the interviews was determined by the author 

of this research study.  Because the students worked in pairs, the author selected one 

student per group for the interviews.  The interviews were recorded, transcribed, and 

analyzed using content analysis.    

3.4 Validity and Reliability of the Instruments 

 

The theory tests, quizzes, lab reports, and close-ended survey questions were 

the instruments used for the quantitative data analysis while the open-ended questions 

in the post-test questionnaires and the interview responses were used for the qualitative 

data analysis. All the instruments used in this research study were developed by the 

author of this research study.   While questionnaires exists to measure students’ 

attitudes of a subject matter, students’ intrinsic motivation, and students’ perceptions 

of an instructional method,  new questionnaires were developed by the author to meet 

the specific needs of the Analog Circuits course.   Because of this, the measures of 

validity and reliability of the instruments were unknown. To improve on the reliability 

of these instruments, pre-testing of the instruments was done in order to identify and 

correct any sources of measurement errors. A pilot study was conducted during the 

Winter 2014 semester to determine if the survey questions and interview questions 

were appropriate.  The pre-test questionnaire and interview instruments were piloted.  

In addition, the results of the reliability test was done on the pre-test questionnaire to 

verify its alpha Cronbach value of 0.463.  The results of the pilot study is shown below.  

However, due to time constraints, the post-test questionnaire was not piloted.   
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3.4.1 Pilot Study 

 

A pilot study was conducted during the Winter 2014 semester.  Both the pre-

test questionnaire and interview instruments were piloted.   An analysis of the students’ 

responses from the interview instruments determined that there were no changes 

necessary.  On the other hand, the reliability test of the pre-test questionnaire showed 

a poor correlation, with an alpha Cronbach value of 0.463 as shown in Figure 3.      

 

 

Figure 3 Reliability Test for Pre-Test Questionnaire 

 

Figure 3 shows a Cronbach alpha value of 0.463 for the piloted pre-test 

questionnaire.   A common interpretation for describing reliability using Cronbach’s 

alpha value is that α < 0.5 is a poor correlation while α > 0.7 is an acceptable 

correlation.  

 

In considering which items from the pre-test questionnaire could have been 

removed,   a reliability item-total statistics table was generated, see Appendix G.   The 

reliability item-total statistics table shows a Cronbach alpha value by item. The third 

column shows the correlation between a particular item and the rest of the pre-test 

questionnaire items while the fifth column shows the reliability test of the pre-test 

questionnaire if the specific item was removed.   To improve the reliability of the pre-

test questionnaire, items with a Cronbach alpha of above 0.463 in the “Cronbach alpha 

if item deleted” column were considered for removal. As such, the removal of the items 

“2. Significant challenge when memorizing”, “4. Difficulty solving problems”, “5. 

Electronics is about many disconnected topics”, “6. Not satisfied until I understand 
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how something works”, would have resulted in an improvement in Cronbach’s alpha.  

The Cronbach alpha values were 0.472 for item #2, 0.494 for item #4,  0.534 for item 

#5, and 0.575 for item #6 while the corresponding item-total correlation value were 

0.015 for item #2,  -0.007 for item #4, and -0.135 for item #5, and -0.464 for item #6.  

Because these items all had an item-total correlation value of less than 0.0015, which 

is very close to zero, this meant that these items were not measuring the same thing as 

the rest of the items in the pre-test questionnaire.   However, these 4 items showed a 

very low item-total correlation to the rest of the item in the questionnaire.   

 

From the pilot study, it was determined that the responses from the interviews 

were acceptable and that the pre-test questionnaire showed a poor correlation for the 

reliability test.  To improve on the correlation for the pre-test questionnaire, 4 items 

were considered for removal from the pre-test questionnaire.   The removal of these 

items would have had an impact of the information elicited from the pre-test 

questionnaire.   As such, no changes were made and thus the pilot study validated the 

reliability of the interview questions and the pre-test questionnaire for the final 

experiment.    

4 DATA ANALYSIS 

 

The data to be analyzed was both quantitative and qualitative.   SPSS Statistics 

24 and MS Excel 2010 were used as the software tool to analyze the quantitative data.  

The quantitative data was collected from the grades obtained on the theory tests, 

quizzes, lab reports, and from the scores on the pre-test and post-test questionnaires, 

while the qualitative data was elicited from the interviews and the three open-ended 

questions on the post-test questionnaire. 

4.1 Types of Data 
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For the primary research questions, the data type used to measure students’ 

academic achievement was a ratio scale variable type.  This data was collected from 

the instruments of the theory tests, quizzes, and lab reports.  The data type used to 

measure students’ attitudes towards learning electronics was an ordinal variable type.  

This data was collected from the instruments of the pre-test questionnaire, post-test 

questionnaire, and the interviews.    

 

For the secondary research questions, the data type used to measure students’ 

intrinsic motivation, students’ perceptions of PBL, and students’ learning style was an 

ordinal variable type.  This data was collected from the instruments of the pre-test 

questionnaire, post-test questionnaire, and the interviews.   

4.2 Quantitative Data Analysis 

 

The primary goal of quantitative data analysis in this research study was 

twofold: to determine whether there was a significant difference in students’ academic 

achievement, and to determine whether there was a significant difference in students’ 

attitudes towards learning electronics.   The secondary goal of quantitative data analysis 

was threefold:  to determine the effects of PBL on students’ intrinsic motivation, to 

determine the effects of PBL on students’ perceptions of PBL, and to determine the 

effects of PBL on students’ learning style.    

 

The quantitative data analysis consisted of using graphical methods, descriptive 

statistics, and inferential statistics.  Inferential statistics was used to test whether the 

results from the control groups and the experimental group was statistically significant.  

For the cognitive learning outcome of students’ academic achievement, an independent 

sample t-test was used to compare the associated populations of control group #1 and 

control group #2 to the experimental group.  For the affective learning outcome of 

students’ attitudes towards learning electronics, the Mann-Whitney U-test was used, 

which is the non-parametric equivalent of the independent sample t-test.  
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4.3 Qualitative Data Analysis 

 

The design of the sequential explanatory qualitative method involved extracting 

pertinent points that were elicited from the open-ended survey questions and the 

interviews.  These pertinent points were then used to help explain and interpret the 

findings of the quantitative research.   In addition, three students from the experimental 

group were interviewed at the end of the semester.  These interviews were audio-taped 

and the responses were analyzed through the use of content analysis procedures.  The 

data collected from the open-ended questions in post-test questionnaire and the 

responses from the interviews was used for the qualitative data analysis.   The data 

collection from both quantitative and qualitative methods was integrated at the end of 

this research study in order to triangulate the data to strengthen the findings.     

5 ETHICAL ISSUES 

 

The Research Ethics Board at Vanier College reviewed and approved the 

research application for this study in January 2016.  A list of students of the Analog 

Circuits course was provided to the chair of the Research Ethics Board. The chair then 

generated a unique code that was emailed to each student.    In February 2016,  the 

chair of the Research Ethics Board attended a theory class of the Analog Circuits course 

and explained to the students this research study.   Students were told that participating 

in the research was voluntary and anonymous.  Students were then asked to fill out a 

consent form (see Appendix A).    Following that, students were asked to complete the 

pre-test questionnaire with their unique code that was previously emailed to them.   The 

pre-test questionnaire took approximately 20 minutes to complete.    Similarly the post-

test questionnaire was completed by the students in May 2016.   The author was not 

present when students were asked to complete both the pre-test and post-test 

questionnaires.   



 
 

CHAPTER FIVE 

PRESENTATION OF FINDINGS 

1 INTRODUCTION 

 

The purpose of this study was to explore how using a constructivist-based 

approach, called PBL, affects students’ academic achievement, students’ attitudes 

towards learning electronics, students’ perceptions, students’ intrinsic motivation, and 

students’ learning style.   This research study was guided by the following questions:  

1) Do students’ academic achievement improve using the experiential learning method 

of PBL for laboratory activities?, 2)  Do students’ attitudes towards learning electronics 

improve using the experiential learning method of PBL for laboratory activities?,  3)  

What are the effects on students’ intrinsic motivation when using PBL for laboratory 

activities?,  4)  What are students’ perceptions when using PBL for laboratory 

activities?, and 5) What are the effects on students’ learning style when using PBL for 

laboratory activities? 

 

Initially, the sample was 26 first-year students in the Winter 2016 Analog 

Circuits course of the Industrial Electronics program. Due to the fact that one of the 

students stopped attending classes, the sample size became 25. The activity took place 

during a 15 week period in the laboratory class of the Analog Circuit course, which 

consisted of three lab groups.  The Thursday lab group had eight students and was 

specifically designated as the experimental group.  The two control groups were both 

on Wednesday.  The Wednesday 8 am control group had eight students while the 

Wednesday 10 am control group had 10 students.  During the first eight weeks of the 

semester, both the control and experimental groups used prescriptive learning in the 

laboratory class.  For the remaining seven weeks of the semester, the control groups 

continued to use prescriptive learning while the experimental group used PBL.
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To test whether the differences in grades between the control and experimental 

groups was statistically significant, an independent t-test was used between the control 

and experimental groups before and during the experiment.   On the other hand, to test 

whether the changes in students’ attitudes towards learning electronics was statistically 

significant, the non-parametric Mann-Whitney U-test was used. 

2 RESEARCH DATA 

 

The quantitative and qualitative data of this research study will first be 

presented in this chapter while the analysis of the findings from the research data will 

be presented in the following chapter using descriptive and inferential statistics.  

 

The quantitative data included data collected from the grades including the 

midterm assessment, final grade, midterm test, final test, six quizzes, two lab reports 

and the pre-test and post-test questionnaires.  This data was put into the SPSS 24 

software.  The qualitative data was collected from the transcripts of the student 

interviews and the responses to the three open-ended questions in the post-test 

questionnaire.  

2.1 Types of Data   

2.1.1 Students’ Academic Achievement 

 

The students’ academic achievement grades was specified as a scale variable in 

SPSS that ranged from 0 to 100%.    While the initial sample was 26 students, data 

collected from 25 students was selected because the final grade of 13% for one of the 

students was considered to be an outlier.  The student stopped attending classes.  The 

results of the quantitative data collected from academic achievement tests related to 

grades is shown below in Table 1. 
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Table 1 Students' Academic Achievement Tests 

 

 

Table 1 shows the list of instruments used to measure students’ academic 

achievement.   The instruments include three quizzes during the pre-test period and 

three quizzes during the treatment period; a midterm test during the pre-test period and 

a final test  during the treatment period;  lab report #1 during the pre-test period and 

lab report #2 during the treatment period;  a midterm grade during the pre-test period 

and a final grade during the treatment period.     More analysis will be done in the next 

chapter using descriptive and inferential statistics.   

2.1.2 Pre-Test and Post-Test Questionnaires 

 

The pre-test and post-test questionnaires are shown in Appendix F and 

Appendix E respectively.  The pre-test questionnaire was based on 25 questions and 

composed of four parts.  An attempt was made to ascertain: 1) students’ attitudes, 2) 

students’ intrinsic motivations, 3) students’ perceptions of the lab activities, and 4) 

students’ learning style.  The post-test questionnaire was based on 29 questions and 

was similar to the pre-test questionnaire.   The difference between the post-test 
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questionnaire and the pre-test questionnaire was related to questions about students’ 

perceptions of the lab activities.  The post-test questionnaire included three additional 

open-ended questions and an additional 5-point likert question on the  students’ 

perceptions of the lab activities.  The pre-test questionnaire included items on the lab 

activities before the midterm break while the post-test questionnaire included items 

about the differences in lab activities between before and after the midterm break.   The 

likert-scale questions about students’ attitudes, students’ intrinsic motivation, and 

students’ perceptions of the lab activities were specified as ordinal variables in SPSS. 

Each question was denoted as a 5-point likert item from strongly agree (SA), agree (A), 

uncertain (U), disagree (D), to strongly disagree (SD).  The likert-scale questions about 

students’ learning style were specified as nominal variables in SPSS and each question 

was denoted as a 4-point likert item from watching, doing, thinking, to feeling.   From 

a sample size of 25 students, 23 students or 92% responded to the pre-test questionnaire 

while 21 students or 84% responded to the post-test questionnaire.    

 

2.1.2.1 Students’ Attitudes Towards Learning Electronics 

 

A summary of the responses from the students’ attitudes questions in the pre-

test and post-test questionnaires is shown in Appendix P and in Appendix Q 

respectively.  The percentage differences for the responses of students’ attitudes 

towards learning electronics between the pre-test and post-test period is shown in  

Table 2.    Students’ attitudes includes the emotional, cognitive, and behaviourial 

constructs.   The emotional construct (feelings associated with the subject matter) was 

measured using survey questions Q1 and Q3 in Table 2.  The cognitive construct 

(beliefs associated with the subject matter) was measured using survey questions Q5, 

Q7, Q8, and Q10 while the behaviourial construct (behaviours associates with the 

subject matter) was measured using survey question Q9. 
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Table 2 Percentage Differences for the Responses of Students' Attitudes 
Towards Learning Electronics between the Pre-Test and Post-Test Periods 

 

 

Table 2 shows the percentage differences for the responses from the students’ 

attitudes towards learning electronics between the pre-test and post-test periods.  

Because the responses between control group #1 and control group #2 are not similar, 

no conclusion can be made for the difference in students’ attitudes towards between 



54 
  

the control groups and the experimental group for the pre-test and post-test periods.  

More analysis will be done in the next chapter using descriptive and inferential 

statistics.   

 

2.1.2.2 Students’ Intrinsic Motivation 

 

A summary of the responses from the students’ intrinsic motivation questions 

in the pre-test and post-test questionnaires is shown in Appendix R and in Appendix S 

respectively.  The percentage differences for the responses of students’ intrinsic 

motivation between the pre-test and post-test periods is shown in  Table 3.  Students’ 

intrinsic motivation includes the constructs of interest, academic efficacy, and 

cognitive engagement.  The interest construct (value and importance a student places 

on a task) was measured using survey questions Q11, Q12, and Q14 in Table 3.  The 

academic efficacy construct (student’s confidence in their cognitive skills to perform a 

task) was measured using survey questions Q2, Q4, Q13, and Q15 while the cognitive 

engagement construct (quality of a student’s engagement to a task) was measured using 

survey question Q6. 
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Table 3 Percentage Differences for the Responses of Students' Intrinsic 
Motivation between the Pre-Test and Post-Test Periods 

 

 

Table 3 shows the percentage differences for the responses from the students’ 

intrinsic motivation between the pre-test and post-test periods. Because the responses 

between control group #1 and control group #2 are not similar, no conclusion can be 

made for the difference in students’ intrinsic motivation between the control groups 

and the experimental group for the pre-test and post-test periods.  More analysis will 

be done in the next chapter using descriptive and inferential statistics.   
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2.1.2.3 Students’ Perceptions of the Lab Activities 

 

A summary of the responses from the students’ perceptions of the lab activities 

questions in the pre-test and post-test questionnaires is shown in Appendix V and 

Appendix W respectively.    The percentage differences for the responses of students’ 

perceptions between the pre-test and post-test periods is shown in Table 4. 

 

Table 4 Percentage Differences for the Responses of Students' Perceptions 
between the Pre-Test and Post-Test Periods 

 

 

Table 4 shows the percentage differences for the responses from the students’ 

perceptions between the pre-test and post-test periods. With the exception of survey 

question Q16b, no conclusion can be made for the difference in students’ intrinsic 

motivation between the control groups and the experimental group for the pre-test and 

post-test periods.  In  survey question Q16b, there was no change in the responses from 
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the students in the control groups regarding the activities being easy to follow.  On the 

other hand, there was a slight decrease of -16.7% in the responses from the students in 

the experimental group regarding the activities being easy to follow during the 

treatment period.  More analysis will be done in the next chapter using descriptive and 

inferential statistics.   

 

2.1.2.4 Students’ Learning Style 

 

A summary of the responses from the students’ learning styles questions in the 

pre-test and post-test questionnaire is shown in Appendix T and Appendix U 

respectively.   The percentages differences for the responses of students’ learning styles 

between the pre-test and post-test periods is shown in Table 5.    

 

Table 5 Percentage Differences for the Responses of Students' Learning Styles 
between the Pre-Test and Post-Test Periods 

 

 

Table 5 shows the percentage differences for the responses from the students’ 

learning styles between the pre-test and post-test periods. With the exception of survey 

question Q22, no conclusion can be made for the difference in students’ learning styles 

between the control groups and the experimental group for the pre-test and post-test 
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periods.  In  survey question Q22, there was a decrease in both the control groups and 

the experimental group for the use of reflective observation.  While the students’ 

learning style in the control groups moved from reflective observation (watching) to 

active experimentation (doing), the students’ learning style in the experimental group 

moved from reflective observation (watching) to concrete experimentation (feeling).   

More analysis will be done in the next chapter using descriptive and inferential 

statistics.   

2.1.3 Open-Ended Questions from the Post-Test Questionnaire 

 

The qualitative data was collected from the three open-ended questions on the 

post test questionnaire and the interviews sessions.  The three open-ended questions 

from the post-test questionnaire is shown in Appendix E.    Content analysis was used 

to code and analyze the responses from the three open-ended questions as shown in 

Table 6. 

 

Table 6 Open-Ended Questions (Post-Test) 

 

 

Table 6 shows a summary of the responses from the three open-ended questions 

from the post-test questionnaire.  Of particular note was that most students in the 

experimental group liked the lab activities during the treatment period and that the 

primary reason was that they enjoyed working in a team.  The students in the 
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experimental group were split on whether they had acquired more content knowledge 

of analog circuits after the treatment period as compared to before the treatment period.   

2.1.4 Interviews 

 

Qualitative data was also collected from the three interview sessions.  The 

interview questions are shown in Appendix C.   Content analysis was used to code and 

analyze the responses from the interview sessions as shown in Table 7.   
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Table 7 Interviews 

 

 

Table 7 shows a summary of the responses from the three interview sessions 

from students in the experimental group . Summarizing, the three students all had an 

interest in electronics and believed that they understood analog electronics better after 

the course   In addition, two out of three students said that they acquired better 

troubleshooting skills in the lab. While the three students had different learning styles 

and problem-solving approaches,  they all preferred the PBL activities because 1)  They 
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were working on one project with one goal in mind, 2)  They had fun working as a 

team, and 3)  It was more like working at a job.   

3 RESEARCH QUESTIONS 

3.1 Primary Research Question #1   

 

Do students’ academic achievement improve using the experiential 

learning method of PBL for laboratory activities? 

3.1.1 Analysis Using Descriptive Statistics 

 

A table comparing the students’ grades between the experimental and control 

groups is shown above in Table 1.  The following were compared: 1) first three out of 

six quiz-grades versus last three out of six quiz-grades, 2) midterm-grade versus the 

final test-grade, 3) the grade on the lab report #1 versus lab report #2, and 4) the 

midterm assessment versus the final-grade.  Table 8 below summarizes the differences 

of the students’ grades in terms of percentages during the pre-test and post-test periods. 
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Table 8 Percentage Differences of Students’ Grades between the Pre-Test 
and Post-Test Periods 

 

 

Table 8 shows a summary of the percentage differences of the students’ grades 

between the pre-test and post-test periods. Because the grades between control group 

#1 and control group #2 are not similar, no conclusion can be made for students’ 

academic achievement for the instruments of the lab reports, theory tests, and lab 

reports.  However, there was a small increase in students’ grades in the control group 

#1 (4.79%) and control group #2 (1.84%) versus no change in grades for the 

experimental group (-0.2%) between the midterm assessment and final grades. 
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3.1.2  Analysis Using Inferential Statistics 

 

To determine if the difference in students’ academic achievement between the 

control groups and experimental group was statistically significant, the results of the 

independent t-test for control group #1 and the experimental group is shown Appendix 

J and for control group #2 and the experimental group is shown in Appendix K. A 

summary of the independent t-tests of the control and experimental groups comparing 

the pre-test period results to the treatment period results is  shown in Table 9. 

 

Table 9 Summary of Independent t-test for the Control Groups and the 
Experimental Group 
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Table 9 shows a summary of the independent t-test for the control groups and 

the experimental group.  At the α = 0.05 level of confidence, the grades for control 

group #1 of the midterm assessment, final grade, and lab report #1 grade all showed 

there is significant difference in students’ academic achievement between the 

experimental and control group #1 for the midterm assessment grade.   

3.2 Primary Research Question #2  

 

Do students’ attitudes towards learning electronics improve using the 

experiential learning method of PBL for laboratory activities? 

3.2.1 Analysis Using Descriptive Statistics 

 

The results of the questionnaire for the students’ attitudes towards learning 

electronics is shown above in Table 2 in this chapter. The affective learning outcome 

of students’ attitudes includes the emotional, cognitive, and behaviourial constructs.  

To evaluate the students’ responses, the likert-scaled questions were coded as 

1=Strongly Disagree, 2=Disagree, 3=Uncertain, 4=Agree, and 5=Strongly Agree and 

the survey questions were categorized based on their attitude constructs. The students’ 

responses for the emotional construct in the experimental group is shown below in 

Figure 4 and Figure 5 ;  the students’ responses for the cognitive construct is shown 

below in Figure 6, Figure 7, Figure 8, Figure 9;   and the students’ responses for the 

behaviourial construct is shown below in Figure 10. 
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Figure 4 Students' Q1 Response for the Emotional Construct of Students’ 

Attitudes in the Experimental Group. 

 

 

 

Figure 5 Students' Q3 Response for the Emotional Construct of Students’ 

Attitudes in the Experimental Group. 
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Figure 6 Students' Q5 Response for the Cognitive Construct of Students’ 
Attitudes in the Experimental Group 

 

 

 

Figure 7 Students' Q7 Response for the Cognitive Construct of Students’ 
Attitudes in the Experimental Group 
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Figure 8 Students' Q8 Response for the Cognitive Construct of Students’ 
Attitudes in the Experimental Group 

 

 

 

Figure 9 Students' Q10 Response for the Cognitive Construct of Students’ 
Attitudes in the Experimental Group 
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Figure 10 Students' Q9 Response for the Behaviourial Construct of Students’ 
Attitudes in the Experimental Group 

 

Figure 4 shows students’ Q1 response for the emotional construct of students’ 

attitudes in the experimental group.  This bar chart shows during the pre-test period 

that students in the experimental group were evenly divided when asked about being 

fascinated with electronics (Uncertain=33.3%, Agree=33.3%, Strongly Agree=33.3%).   

After the treatment period, the students were no longer uncertain (Uncertain=0%) and 

more agreed (Agree=85.3%) with being fascinated with electronics.     

 

Figure 5 shows students’ Q3 response for the emotional construct of students’ 

attitudes in the experimental group.  For this response, no conclusion can be made for 

the emotional construct of students’ attitudes towards learning electronics.  

 

Figure 6 shows students’ Q5 response for the cognitive construct of students’ 

attitudes in the experimental group.   This bar chart shows that after the treatment period 

that there was a 50% increase in students who disagreed that electronics is about many 

disconnected topics.     

 

Figure 7 shows students’ Q7 response for the cognitive construct of students’ 

attitudes in the experimental group.   This bar chart shows that after the treatment period 
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that there was a 50% increase in students who agreed with studying electronics because 

it was useful in daily life.      

 

Figure 8 shows students’ Q8 response for the cognitive construct of students’ 

attitudes in the experimental group.   This bar chart shows that after the treatment period 

that there were more students who agreed rather than strongly agreed or disagreed that 

everyone can learn electronics.     

 

Figure 9 shows students’ Q10 response for the cognitive construct of students’ 

attitudes in the experimental group.   This bar chart shows that after the treatment period 

that there were more students who disagreed with trusting their calculations more than 

their expectations.   

 

Figure 10 shows students’ Q9 response for the behaviourial construct of 

students’ attitudes in the experimental group.   This bar chart shows that after the 

treatment period that there were more students who disagreed with respect to students 

learning by discussing electronics with their friends and other students. 

 

 

Figure 11 Summary of Students' Responses for the Emotional Construct of 
Students’ Attitudes in the Experimental Group 
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Figure 12 Summary of Students' Responses for the Cognitive Construct of 
Students’ Attitudes in the Experimental Group 

 

 

Figure 13 Summary of Students' Responses for the Behavioural Construct of 
Students’ Attitudes in the Experimental Group 
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Figure 11 shows a summary of students’ responses for the emotional construct 

of students’ attitudes towards learning electronics in the experimental group.   This box 

plot shows there was no change in the emotional construct of students’ attitudes after 

the treatment period with respect being fascinated with electronics (Q1) and a positive 

increase in the emotional construct of students’ attitudes with respect to thinking about 

electronics everyday (Q3).  

 

Figure 12 shows a summary of students’ responses for the cognitive construct 

of students’ attitudes towards learning electronics in the experimental group.   This box 

plot shows there was an overall increase in the cognitive construct of students’ attitudes 

after the treatment period.  A decrease (an increase for a negative question) in the 

median with respect to electronics being about disconnected topics (Q5);  an increase 

in the median with respect to studying electronics because it is useful in daily life (Q7);  

an increase in the median with respect to everyone can learn electronics (Q8); and a 

decrease (an increase for a negative question) in the median with respect to students’ 

trusting their calculations more than their expectations (Q10). 

 

Figure 13 shows a summary of students’ responses for the behavioural 

construct of students’ attitudes towards learning electronics in the experimental group.   

This box plot shows there was no change in the behaviourial construct of students’ 

attitudes after the treatment period with respect to discussing electronics with friends 

and other students (Q9). 

3.2.2 Analysis Using Inferential Statistics 

 

To determine if the difference in students’ attitudes between the control groups 

and the experimental group was statistically significant, the Mann-Whitney U-test was 

used.    The results for the control groups and the experimental group during the pre-

test are shown in  Appendix L and Appendix M.   Similarly, the results for the control 

groups and experimental group during the post-test are shown in Appendix N and 
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Appendix O.  A summary of all the Mann-Whitney U-tests is shown below in Table 

10.    

 

Table 10 Summary of Mann-Whitney U-tests for Students’ Attitudes towards 
learning electronics 

 

 

Table 10 shows a summary of the Mann-Whitney U-tests for Students’ 

Attitudes towards learning electronics.   In summary, there is not enough evidence to 

suggest there was a significant difference in the emotional construct of students’ 

attitudes with either control groups and the experimental group during pre-test or post-

test.   There were mixed results regarding the cognitive construct of students’ attitudes.   
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Similar to the emotional construct, there is not enough evidence to suggest there was a 

significant difference in the behaviourial construct of students’ attitudes with either 

control groups and the experimental group during pre-test or post-test. 

3.3 Secondary Research Question #1  

 

What are the effects on students’ intrinsic motivation when using PBL for 

laboratory activities? 

 

The percentage differences for the responses of students’ intrinsic motivation 

between the pre-test and post-test periods is shown above in  Table 3.  To evaluate the 

students’ responses, the likert-scaled questions were coded as 1=Strongly Disagree, 

2=Disagree, 3=Uncertain, 4=Agree, and 5=Strongly Agree and the survey questions 

were categorized based on their intrinsic motivation constructs. The results of the 

interest construct of intrinsic motivation is shown below in Figure 14, Figure 15, and 

Figure 16;  the results of the academic efficacy construct is shown below in Figure 17, 

Figure 18, Figure 19, and Figure 20;  and the results of the cognitive engagement 

construct is shown below in Figure 21.  The interest construct (value and importance a 

student places on a task) was measured using survey questions Q11, Q12, and Q14.  

The academic efficacy (student’s confidence in their cognitive skills to perform a task) 

construct was measured using survey questions Q2, Q4, Q13, and Q15 while the 

cognitive engagement (quality of a student’s engagement to a task) construct was 

measured using survey question Q6. 
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Figure 14 Students' Q11 Response for the Interest Construct of Students’ 
Intrinsic Motivation in the Experimental Group 

 

 

 

Figure 15 Students' Q12 Response for the Interest Construct of Students’ 
Intrinsic Motivation in the Experimental Group 
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Figure 16 Students' Q14 Response for the Interest Construct of Students’ 
Intrinsic Motivation in the Experimental Group 

 

 

 

Figure 17 Students' Q2 Response for the Academic Efficacy of Students’ 
Intrinsic Motivation in the Experimental Group 

 

 

 



76 
  

 

 

Figure 18 Students' Q4 Response for the Academic Efficacy of Students’ 
Intrinsic Motivation in the Experimental Group 

 

 

 

Figure 19 Students' Q13 Response for the Academic Efficacy of Students’ 
Intrinsic Motivation in the Experimental Group 
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Figure 20 Students' Q15 Response for the Academic Efficacy of Students’ 
Intrinsic Motivation in the Experimental Group 

 

 

 

Figure 21 Students' Q6 Response for the Cognitive Engagement of Students’ 
Intrinsic Motivation in the Experimental Group 
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Figure 14 shows students’ Q11 response for the interest construct of students’ 

intrinsic motivation in the experimental group.  This bar chart shows that there was no 

change after the treatment period in the interest construct of students’ intrinsic 

motivation.  

 

Figure 15 shows students’ Q12 response for the interest construct of students’ 

intrinsic motivation in the experimental group.  With the exclusion of one outlier data 

point, this bar chart shows that there was no change after the treatment period in the 

interest construct of students’ intrinsic motivation.  

 

Figure 16 shows students’ Q14 response for the interest construct of students’ 

intrinsic motivation in the experimental group.  With the exclusion of one outlier data 

point, this bar chart shows that there was no change after the treatment period in the 

interest construct of students’ intrinsic motivation.  

 

Figure 17 shows students’ Q2 response for the academic efficacy construct of 

students’ intrinsic motivation in the experimental group.  With the exclusion of one 

outlier data point, this bar chart shows that there was no change after the treatment 

period in the academic efficacy construct of students’ intrinsic motivation.  

 

Figure 18 shows students’ Q4 response for the academic efficacy construct of 

students’ intrinsic motivation in the experimental group.  This bar chart shows that after 

the treatment period that there was a 50% increase in students who disagreed  that they 

had difficulty solving problems.   

 

Figure 19 shows students’ Q13 response for the academic efficacy construct of 

students’ intrinsic motivation in the experimental group.  With the exclusion of one 

outlier data point, this bar chart shows that there was no change after the treatment 

period in the academic efficacy construct of students’ intrinsic motivation.  
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Figure 20 shows students’ Q15 response for the academic efficacy construct of 

students’ intrinsic motivation in the experimental group.  With the exclusion of one 

outlier data point, this bar chart shows that there was no change after the treatment 

period in the academic efficacy construct of students’ intrinsic motivation.  

 

Figure 21 shows students’ Q6 response for the cognitive engagement construct 

of students’ intrinsic motivation in the experimental group.  For this response, no 

conclusion can be made on the academic efficacy construct of students’ intrinsic 

motivation. 

 

  

Figure 22 Summary of Students’ Responses for the Interest Construct of 
Students’ Intrinsic Motivation in the Experimental Group 
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Figure 23  Summary of Students’ Response for the Academic Efficacy 
Construct of Students’ Intrinsic Motivation in the Experimental Group 

 

 

Figure 24 Summary of Students’ Response for the Cognitive Engagement 
Construct of Students’ Intrinsic Motivation in the Experimental Group 
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Figure 22 shows a summary of students’ responses for the interest construct of 

students’ intrinsic motivation in the experimental group.   This box plot shows there 

was no change after the treatment period in the interest construct of students’ intrinsic 

motivation. 

 
Figure 23 show a summary of students’ responses for the academic efficacy of 

students’ intrinsic motivation in the experimental group.   This box plot shows that 

there were mixed results.  While one of the survey responses showed that more students 

after the treatment period disagreed that they had difficulty solving problems (Q4), the 

remaining survey responses from the box plot shows that there was no change after the 

treatment period in academic efficacy construct of students’ intrinsic motivation .   

 

Figure 24 shows a summary of students’ response for the cognitive engagement 

construct of the students’ intrinsic motivation in the experimental group.   This box 

plot shows there was no change in the cognitive engagement construct of students’ 

intrinsic motivation after the treatment period.   

 

3.4 Secondary Research Question #2  

 

What are the students’ perceptions when using PBL for laboratory 

activities? 

 

The results of the questionnaire for students’ perceptions of PBL are shown 

above in Table 4 in this chapter.  To evaluate the students’ responses, the likert-scaled 

questions were coded as 1=Strongly Disagree, 2=Disagree, 3=Uncertain, 4=Agree, and 

5=Strongly Agree. During the pre-test period, the survey questions measured students’ 

perceptions of the prescriptive lab activities before the midterm break.  During the post-

test period, the survey questions measured the students’ perceptions of the PBL lab 

activities after the midterm break. The perceptions variable was measured using survey 
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questions Q16, Q17, Q18, Q19, and Q20.  The results of the students’ perceptions of 

the lab activities in the experimental group is shown below in Figure 25, Figure 26, 

Figure 27, Figure 28, and Figure 29. 

 

 

Figure 25 Students' Q16 Response for Students’ Perceptions of the Lab Activities 
in the Experimental Group 

 

 

 

Figure 26 Students' Q17 Response for Students’ Perceptions of the Lab Activities 
in the Experimental Group 
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Figure 27 Students' Q18 Response for Students’ Perceptions of the Lab Activities 
in the Experimental Group 

 

 

 

Figure 28 Students' Q19 Response for Students’ Perceptions of the Lab Activities 
in the Experimental Group 
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Figure 29 Students' Q20 Response for Students’ Perceptions of the Lab Activities 
in the Experimental Group 

 

Figure 25 shows the Q16 response for students’ perceptions of the lab activities 

in the experimental group.  With the exclusion of one outlier data point, this bar chart 

shows that there was no significant change in students’ perceptions of the PBL lab 

activities being easy to follow as compared to the prescriptive lab activities.   

 

Figure 26 shows the Q17 response for students’ perceptions when using PBL 

in the experimental group.  With the exclusion of one outlier data point, this bar chart 

shows that there was no significant change in students’ perceptions of the PBL lab 

activities being more interesting compared to the prescriptive lab activities.   

 

Figure 27 shows the Q18 response for students’ perceptions of the lab activities 

in in the experimental group.  With the exclusion of one outlier data point, this bar chart 

shows that there was no change in students’ perceptions of the PBL lab activities being 

more motivating as compared to the prescriptive lab activities.   
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Figure 28 shows the Q19 response for students’ perceptions of the lab activities 

in the experimental group.  This bar chart shows that students were mostly uncertain 

that the prescriptive lab activities were geared towards how they like to learn.  In 

contrast, students mostly agreed that the PBL lab activities were geared towards how 

they like to learn.    

 

Figure 29 shows the Q20 response for students’ perceptions of the lab activities 

in the experimental group.  With the exclusion of one outlier data point, this bar chart 

shows that there was no change in students’ perceptions of the PBL lab activities being 

helpful in understanding the theory as compared to the prescriptive lab activities.   

 

 

Figure 30 Summary of Responses for Students’ Perceptions of the Lab 
Activities in the Experimental Group 

 

Figure 30 shows a summary of the responses for students’ perceptions of the 

lab activities in the experimental group.   This box plot shows there was no change in 

students’ perceptions  of the PBL lab activities being more easy to follow compared to 

the prescriptive lab activities (Q16);  there was no change in students’ perceptions  of 
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the PBL lab activities being more interesting compared to the prescriptive lab activities 

(Q17); and there was no change in students’ perceptions of the PBL lab activities being 

more geared to how the students like to learn compared to the prescriptive lab activities 

(Q19).  However, there was an increase in students’ perceptions of the PBL lab 

activities being more motivating to learn (Q18) and being more helpful in 

understanding the theory (Q20) as compared to the prescriptive lab activities.  

3.5 Secondary Research Question #3 

 

What are the effects on students’ learning style when using PBL for 

laboratory activities? 

 

The results of the questionnaire for the students’ learning style is shown above 

in this chapter in Table 5.  A summary of the results is shown below in Figure 31.   This 

Learning Style Index was created by understanding that the model is composed of two 

continuums:  watching (+x) vs doing (-x) and feeling (+y) vs thinking (-y).   With a 

sample size of approximately 20 students, the maximum coordinates for x and y were 

assigned as +20 and -20.   By summing the responses from the pre-test and post-test 

questionnaire, the Students’ Learning Style Index is shown below in Figure 31. 
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Figure 31 Students' Learning Style Index 

 

Figure 31 shows the Students’ Learning Style Index.  This x-y line graph shows 

that both the students in the experimental and control groups were convergers (lower-

left quadrant).  It also shows that both the students’ learning styles in the experimental 

group and the students’ learning styles in the control groups from the pre-test period to 

the post-test period changed.  With the control groups, the students’ learning styles 

moved principally along the process continuum from reflective observation to active 

experimentation (A1 to A2, B1 to B2) while in the experimental group the students’ 

learning styles moved principally along the perception continuum from abstract 

conceptualization to concrete experience (C1 to C2).   



 
 

CHAPTER SIX 

DISCUSSION OF FINDINGS 

1 DISCUSSION OF MAIN FINDINGS OF THE STUDY 

The findings from the results in chapter 5 of the descriptive statistics, inferential 

statistics and content analysis will be discussed in this chapter.   

1.1 Students’ Academic Achievement 

 

The results of the descriptive statistics showed that in the grades for the 

experimental group, there was a -1.3% reduction in the quiz grade, a +4.8% 

improvement in the test grade, a +3.2% improvement in the lab report grade, and a -

0.2% reduction in the total grade.  Overall, there was +1.6% improvement in academic 

achievement grades with the experimental group in using PBL.  Correspondingly, there 

was a +2.4% improvement in grades with control group #1 and a +14.1% improvement 

in grades with control group #2.  Because the grades between control group #1 and 

control group #2 was not similar, no conclusion can be made for students’ academic 

achievement for the instruments of the lab reports, theory tests, and lab reports.  

However, there was a small increase in students’ grades in the control group #1 (4.79%) 

and control group #2 (1.84%) versus no change in grades for the experimental group (-

0.2%) between the midterm assessment and final grades.   

 

The results of the inferential statistics showed, at the α = 0.05 level of 

confidence, that there was enough evidence to suggest that the students’ academic 

achievement tests of the midterm assessment grade, the final test grade and the lab 

report #1 grade between control group #1 and the experimental group was statistically 

significant.  On the other hand, there was not enough evidence to suggest that the 

academic achievement tests between control group #2 and the experimental group was 

statistically significant.  
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The results of the three open-ended questions in the post-test questionnaire 

showed that the students in both the experimental group and control groups were split 

on whether they had acquired more content knowledge of analog circuits after the 

treatment period as compared to before the treatment period.   

 

The results of the interviews showed that all the three students in the 

experimental group viewed analog circuits differently after using PBL. In addition, 

while the three students in experimental group had different learning styles and 

problem solving approaches,  two out three students stated that they improved their 

troubleshooting skills in the lab.    

 

From the descriptive statistics, the hypothesis regarding the efficacy of using 

PBL on students’ academic achievement was not validated.  On the other hand, from 

the inferential statistics, the hypothesis regarding the efficacy of using PBL on 

students’ academic achievement was partly validated for control group #1 and not 

validated for control group #2.  From the interviews and the three open-ended 

questions, the students in the experimental group believed that they better understood 

analog circuits after the course.  The students were however split on whether they had 

acquired new knowledge but they nevertheless believed that they improved their skill 

of trouble-shooting circuits in the lab.  

 

While the research studies by Atkins et al. (Atkins, 2012), Doppelt (Doppelt, 

2003), and Waks and Sabag (Waks et al., 2004) yielded a positive result in students’ 

academic achievement when using PBL, this research study did not yield similar 

results.    As PBL is based on both social and cognitive constructivist theories, Johnson 

et al. (1998) noted there are “five key elements critical to actual cooperation: positive 

interdependence, individual accountability, promotive interaction, social skills, and 

group processing” (p. 32).  While PBL is an instructional method based on experiential 

learning, implementing PBL appears to require the reliance of a social learning 

environment in addition to experiential learning.   Drawing from Johnson et al. (1998), 
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a possible reason for not getting a similar result to other researchers in this study could 

be the students’ lack of critical skills in cooperation. 

1.2 Students’ Attitudes Towards Learning Electronics 

 

The descriptive statistics for students’ attitudes towards learning electronics 

elicited mixed results.   Students’ attitudes includes the following constructs: emotional 

(feeling towards learning electronics), cognitive (beliefs about electronics), and 

behaviourial (behaviours associated with electronics).  Two comparisons were made:  

1)  Pre-test and post-test differences of students’ attitudes towards learning electronics 

in both the control groups and experimental group, and 2)  Pre-test and post-test 

differences of students’ attitudes towards learning electronics only in the experimental 

group.  For the pre-test and post-test differences in the control groups and experimental 

group, no conclusion was made for the differences in students’ attitudes towards 

learning electronics. For the pre-test and post-test differences in the experimental group 

only, there was no significant change in the emotional construct of students’ attitudes 

after the treatment period with respect to being fascinated with electronics (Q1), there 

was a positive increase in the emotional construct with respect to thinking about 

electronics in everyday life (Q3).   For the cognitive construct of students’ attitudes,  

there was an overall increase in the cognitive construct of students’ attitudes after the 

treatment period.   There was a decrease in students’ attitudes with respect to 

electronics being about disconnected topics (Q5);  an increase in students’ attitudes 

with respect to the fact that studying electronics because it is useful (Q7);  an increase 

in students’ attitudes with respect to everyone can learn electronics; and a decrease in 

students’ attitudes with respect to trusting calculations more than expectations (Q10).   

Similar to the emotional construct, there was no change for the behaviourial construct 

of students’ attitudes towards learning electronics.  This conclusion was based on the 

survey question of students learning by discussing electronics with their friends and 

other students (Q9).  While this research study found that there was a positive increase 

in students’ beliefs about electronics when using PBL for laboratory activities, there 
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was no associated change in students’ feeling towards learning electronics or students’ 

behaviours associated with electronics.   

 

The inferential statistics for students’ attitudes towards learning electronics also 

elicited mixed results.  The results of the inferential statistics showed, at the α = 0.05 

level of confidence, there is not enough evidence to suggest there was a significant 

difference in the emotional construct of students’ attitudes with either control groups 

and the experimental group during pre-test or post-test.   There were mixed results 

regarding the cognitive construct of students’ attitudes.   Similar to the emotional 

construct, there is not enough evidence to suggest there was a significant difference in 

the behaviourial construct of students’ attitudes with both control groups and the 

experimental group during the pre-test and post-test.   Specifically, there is enough 

evidence to  suggest that there was a significant difference between control group #2 

and the experimental group during the pre-test for survey question Q5;  a significant 

difference between control group #1 and the experimental group during the post-test 

for survey question Q5;  a significant difference between control group #1 and the 

experimental group during the post-test for survey question Q7; and a significant 

difference between both control groups and the experimental group during the post-

test for survey question Q10.   

 

The goal of using inferential statistics to measure students’ attitudes towards 

learning electronics was to see if there was any validity that can be drawn from the 

results of the descriptive statistics.    There was no significant change in the emotional 

and behaviourial construct of students’ attitudes so the hypothesis regarding the 

efficacy of using PBL on improving students’ attitudes was not validated.  However,  

because the descriptive statistics showed that there was an overall increase in the 

cognitive construct of students’ attitude and the inferential statistics showed there were 

mixed results regarding the cognitive construct of students’ attitudes, the hypothesis 

regarding the efficacy of using PBL on students’ attitudes was partly validated.   The 

mixed results of the inferential statistics for the cognitive construct of students’ 
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attitudes was because there was a significant difference in three out of the seven survey 

questions.  Those three survey questions include the following:  1) That electronics is 

about many disconnected topics in pre-test control group #2 and the post-test control 

group #1, 2) That studying electronics because it is useful in daily life in the post-test 

control group #2,  and 3) That I trust my calculation more than my expectation in both 

post-test control groups.      

 

Similar to the experimental studies of Karacalli and Korur (2014) and Kavacik 

et al. (2015), this research study found that there was no improvement in emotional 

and behavioral constructs of students’ attitudes towards learning electronics when 

using PBL for laboratory activities.  But, similar to finding by researchers Murphy 

(2004), Seloni (2005), Sertturk (2008), and Singer et al. (2000), this research study 

found that there was an improvement in the cognitive construct of students‘ attitudes 

towards learning electronics.   A possible explanation for these mixed results regarding 

students‘ attitudes towards learning electronics was similar to the findings provided 

by researchers Gultkein (2009), Osborne et al. (2003), and Toprak (2006), who 

suggested that students‘ attitudes cannot increase in a short period of time in 

experimental studies.  

1.3 Students’ Intrinsic Motivation When Using PBL 

 

The descriptive statistics for students’ intrinsic motivation when using PBL for 

laboratory activities elicited mixed results.  Students’ intrinsic motivation includes the 

following constructs: interest (value and importance a student places on a task),  

academic efficacy (student’s confidence in their cognitive skills to perform a task), and 

cognitive engagement (quality of a student’s engagement to a task).  Two comparisons 

were made:  1)  Pre-test and post-test differences of students’ intrinsic motivation when 

using PBL for laboratory activities in both the control groups and experimental group, 

and 2)  Pre-test and post-test differences of students’ intrinsic motivation when using 

PBL for laboratory activities only in the experimental group.   For the pre-test and post-
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test differences in the control groups and experimental group, no conclusion was made 

for the differences in students’ intrinsic motivation. For the pre-test and post-test 

differences in the experimental group only, there was no significant change after the 

treatment period of the interest and cognitive engagement constructs of students’ 

intrinsic motivation.  There were however mixed results for the academic efficacy 

construct of students’ intrinsic motivation.  There was no significant change in the 

academic efficacy construct of students’ intrinsic motivation after the treatment period 

with respect to seeing learning electronics as being a challenge (Q2),  having good 

problem-solving skills in the lab classes (Q13), and trying very hard in the lab classes 

(Q15).   On the other hand, there was an increase in the academic efficacy construct of 

students’ intrinsic motivation on problem-solving strategies with respect to students’ 

learning electronics in order to solve problems (Q4).   Because there are no standard 

procedures for problem-solving in the lab classes,  the students need to acquire an 

implicit knowledge rather than an explicit knowledge of problem-solving strategies.  

The implicit knowledge of problem-solving strategies comes from understanding 

content knowledge and linking it to problem-solving.   While the research studies of 

Ocak and Uluyol (Ocak & Uluyol, 2010) and Vanasupa et al. (Vanasupa et al., 2007) 

yielded a positive effect on students’ intrinsic motivation when using PBL, this 

research study did not yield similar results.   More specifically, the Ocak and Uluyol 

(Ocak & Uluyol, 2010) research study found that PBL positively affects the students’ 

intrinsic motivation constructs of cognitive engagement, interest engagement while 

academic efficacy was not affected.   Contrary to the Ocak and Uluyol (Ocak & Uluyol, 

2010) research study, this research study found no significant change in the cognitive 

engagement and interest constructs, however, there was a positive increase in the 

academic efficacy construct of students’ intrinsic motivation. 

 

The results of the interviews also showed an increase in the academic efficacy 

construct of students’ intrinsic motivation.  Where, two out the three students in the 

experimental group noted that one of the benefits of the PBL lab activities was that 
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they had improved confidence in their trouble-shooting skills in the lab classes 

(Problem-solving in the lab is also called trouble-shooting skills).    

 

From the descriptive statistics, the findings from the effects of PBL on students’ 

intrinsic motivation did not corroborate the findings from the research studies of Ocak 

and Uluyol (Ocak & Uluyol, 2010) and Vanasupa et al. (Vanasupa et al., 2007). 

1.4 Students’ Perceptions When Using PBL 

 

Two comparisons were made:  1)  Pre-test and post-test differences of students’ 

perceptions when using PBL for laboratory activities in both the control groups and 

experimental group, and 2)  Pre-test and post-test differences of students’ perceptions  

when using PBL for laboratory activities only in the experimental group.   For the pre-

test and post-test differences in the control groups and experimental group, no 

conclusion was made for the differences in students’ perceptions. For the pre-test and 

post-test differences in the experimental group only, the descriptive statistics noted that  

1)  PBL lab activities were not easier compared to prescriptive lab activities (Q16),  2)  

PBL lab activities were not more interesting compared to prescriptive lab activities 

(Q17),  and 3) PBL lab activities were not more geared to how students like to learn 

compared to the prescriptive lab activities (Q19). On a positive, students found PBL 

lab activities were more motivating to learn compared to prescriptive lab activities 

(Q18) and PBL lab activities were more helpful in understanding the theory (Q20).   

However, these two positive changes in students’ positive perceptions of using PBL 

did not result in a corresponding positive change in students’ academic achievement or 

students’ intrinsic motivation.  

 

The results of the interviews for students’ perceptions of PBL noted that the 

students in the experimental group liked working on a common project and goal, liked 

working as a team, saw PBL as more closely resembling work, but disliked that the 

teacher did not provide answers to questions.      
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1.5 Students’ Learning Style 

 

The results of the questionnaires for the students’ learning styles showed that 

all the students in the Analog Circuits course were convergers.  The students’ learning 

styles of both the control groups and experimental group changed during the Analog 

Circuits course.   The students’ learning style for the control group moved principally 

along the process continuum (feeling vs thinking) from reflective observation to active 

experimentation while the students’ learning style for the experimental group moved 

principally along the perception continuum (feeling vs thinking) from abstract 

conceptualization to concrete experience.   

 

Whereas some researchers (Tsingos et al., 2015) believe that the learning style 

construct is difficult to change and other researchers believe learning styles change in 

order to adapt to the different learning environments,  this research study found that 

the students’ learning style changed both in the control groups and experimental group.  

The effects on students’ learning style when using PBL was that their learning style 

moved along the process continuum in Kolb’s Experiential Learning Model from 

preferring to first understanding theory to preferring to learning from specific 

experiences.   The use of PBL for the laboratory activities was found to be an effective 

instructional method for changing students’ learning style.  This was similarly stated 

by researchers Vaugh and Baker (2001) in that they found providing creative 

mismatched instructional strategies stimulates both learning and flexibility in learning. 

 

 



 

CHAPTER SEVEN 

CONCLUSION 

1 SUMMARY 

 

This research study was designed to obtain information that might possibly 

improve the teaching of first-year courses in college-level electronics technology and 

university-level engineering programs in order to better match how electronics is taught 

by teachers, learned by students, and practiced by graduates.  A pattern was noted that 

first-year students that progressed to third-year lost interest and enthusiasm in learning 

electronics.  There was seemingly a mismatch between how first-year students 

expected to learn electronics, how first-year students are taught electronics, and how 

graduates practice electronics in the field.  The goal of this research study was to 

compare two laboratory teaching methods:  project-based learning (active learning) vs 

prescriptive learning (deductive learning).  Because competency-based courses like the 

Analog Circuits course is based on knowledge, skills, and attitudes, the goal of this 

research study was to explore how using PBL affects students’ academic achievement, 

students’ attitudes towards learning electronics, students’ perceptions of PBL, 

students’ intrinsic motivation, and students’ learning styles.  Both a quantitative and a 

qualitative research method was used.  The quantitative research method was a quasi-

experimental time-series design with a non-equivalent control group while the 

qualitative research method was a sequential explanatory design.   Data collected from 

the three open-ended questions in the questionnaires and the three interviews was 

supportive in explaining the reasons why some of the analysis of the quantitative 

research data yielded no significant changes. 

 

There were two primary research questions:  1) Do students’ academic 

achievement improve using the experiential learning method of PBL for laboratory 

activities and 2) Do students’ attitudes towards learning electronics improve using the 

experiential learning method of PBL for laboratory activities.  
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While the research studies noted in the literature review yielded a positive result 

in students’ academic achievement when using PBL, this research study did not yield 

similar results.  The hypothesis regarding the efficacy of using PBL on students’ 

academic achievement was not validated.  A possible reason for not getting similar 

results to other researchers was elicited from the qualitative data where students 

implied the lack of critical skills in cooperation.  On the other hand, similar to the 

research studies noted in the literature review, this research study found that there was 

no improvement in the emotional and behaviourial construct of students’ attitudes 

towards learning electronics, however there was a positive improvement in the 

cognitive construct of students’ attitudes towards learning electronics.   These mixed 

results partly validated the hypothesis regarding the efficacy of using PBL on students’ 

attitudes towards learning electronics. 

 

There were three secondary research questions:  1) What are the effects on 

students’ intrinsic motivation when using PBL for laboratory activities, 2) What are 

students’ perceptions when using PBL for laboratory activities, and 3) What are the 

effects on students’ learning style when using PBL for laboratory activities.   For the 

first secondary research question on the effects of PBL on students’ intrinsic 

motivation, the Ocak and Uluyol (Ocak & Uluyol, 2010) research study found that PBL 

positively affected the students’ intrinsic motivation constructs of cognitive 

engagement and interest engagement, the academic efficacy construct was not affected.   

In contrast, this research study found no significant change in students’ intrinsic 

motivation for the cognitive engagement and interest constructs but found a positive 

increase in the academic efficacy construct of students’ intrinsic motivation.    The 

findings of this research study on the effects of PBL on students’ intrinsic motivation 

did not corroborate the findings from the research studies noted in the literature review.   

For the next secondary research question dealing with students’ perceptions of PBL, 

this research study found that the students found that they were more motivated to 

learning in the PBL lab activities and found them more helpful in understanding the 

theory as compared to the prescriptive lab activities.  Even with these two positive 



98 
 

changes in students’ positive perceptions of using PBL, this did not result in a 

corresponding positive change in students’ academic achievement or students’ intrinsic 

motivation.  An important finding comes from the research data pertaining the last 

secondary research question on the effects of PBL on students’ learning style,  the 

students’ learning styles of both the control groups and experimental group changed 

during the Analog Circuits course.   The students’ learning style for the control group 

moved principally along the process continuum from reflective observation to active 

experimentation while the students’ learning style for the experimental group moved 

principally along the perception continuum from abstract conceptualization to concrete 

experience.  The effects on students’ learning style when using PBL was that their 

learning style moved along the process continuum in Kolb’s Experiential Learning 

Model from first preferring to understanding theory to preferring to learn from specific 

experiences.   

 

To answer some of the open-ended questions asked at the beginning of this 

research study, such as, why do students lose interest and enthusiasm in learning 

electronics while in the program?   And, is this a reflection on the teaching methods 

used in the classroom and laboratories?  The answers to these questions still cannot be 

fully answered from the information obtained in this research study as the students’ 

perceptions of PBL produced mixed results.  On one hand, the PBL lab activities were 

not more interesting than prescriptive lab activities, however, they did provide more 

motivation. Next, is there a mismatch between how first-year students expect to learn 

electronics, how first-year students are taught electronics, and how graduates practice 

electronics in the field?   This research study found that the students’ learning style was 

that of convergers and typically convergers like to learn by experimenting with new 

ideas, simulations, lab assignments, and practical applications.   Yet, students are 

typically taught using prescriptive lab activities that are cookbook experiments with 

very little practical application and very little opportunity to experiment with new 

ideas.   With prescriptive lab activities,  students have very little opportunity to practice 

their cognitive skills as is needed in the workplace. Hence, this research found that 
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there was indeed a mismatch between how students like to learn and how students are 

taught. But, by using PBL in lab activities, this research study found that the lab 

activities were viewed more closely to work-related activities rather than school-related 

activities, hence relative to their needs. In addition, the PBL lab activities changed the 

students’ learning style from thinking less about theoretical models and more towards 

experimentation.   As such, PBL lab activities promotes a better alignment between 

how students like to learn, how students are taught, and how graduates practice 

electronics in the field. 

2 LIMITATIONS 

 

Because the hypothesis regarding the efficacy of using PBL on students’ 

academic achievement was not validated and the hypothesis regarding the efficacy of 

using PBL on students’ attitudes towards learning electronics was partly validated,  

there appears to be serious limitations in the design of this research.   There were six 

possible limitations.  First, the project chosen for the PBL lab activities may have been 

a problem.  The project was the digital storage oscilloscope kit.   Because this project 

was quite complex, the complexity level could have played a role in possibly 

diminishing meaningful learning opportunities for the students.  Secondly, a quasi-

experimental study with a seven week treatment period was possibly not sufficient time 

for the students to show any improvement in academic achievement or attitudes 

towards learning electronics.    Thirdly, without the ability to randomly assign 

participants in the control and experimental groups, selection bias could have possibly 

had an effect on the validity of the research design.  Fourthly, the assessments for this 

research study were designed for the prescriptive lab activities where a lower-order of 

knowledge was required.  With the use of PBL lab activities and the transition from 

lower order to higher order learning,  the assessments could have been inadequate in 

order to properly measure students’ academic achievement.    Fifthly,  the items on the 

pre-test and post-test questionnaires perhaps did not reflect the students’ attitudes and 
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intrinsic motivation constructs.  Lastly, the sample size of 25 was perhaps too small 

and could have affected the results for the inferential tests.    

3 FURTHER RESEARCH ENDEAVOURS 

Of particular interest from the findings of this research study was the change in 

students’ learning style for the both the experimental and the control groups.    The 

PBL lab activities changed the students’ learning style from thinking less about 

theoretical models and more towards experimentation. This was the basis for Kolb’s 

experiential learning theory.  Of interest for further research endeavours is to 

investigate the effect of PBL on students’ learning styles.  While students’ academic 

achievement, attitudes towards learning electronics, and intrinsic motivation seem 

difficult to change in the short-term,  the use of PBL for the laboratory activities was 

found to be an effective instructional method for changing students’ learning style in 

the short term.   

4 RECOMMENDATIONS 

Researchers have recognized the benefits of PBL for decades.   What is not 

clearly established is how PBL can be implemented in  college-level technology 

programs or in university-level engineering programs in order to realize the benefits of 

PBL.  This research study on PBL was conducted at a course level in a 2-hour weekly 

lab class for 15 weeks.  A recommendation for a college-level technology program or 

a university-level engineering program is to conduct a pilot study on implementing 

PBL at a program level, where all courses would be taught using PBL.  The results of 

such an exercise would be informative.      
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APPENDIX A  -  CONSENT FORM 



      



      

Title of the Research     

A comparison of project-based learning versus prescriptive learning for laboratory 

activities in Industrial Electronics. 

 

Researcher(s) 

Principal 

Investigator 

Department E-Mail Office tel. Time of 

availability 

Nicholas 

Rudi 

Industrial 

Electronics 

rudin 

@vaniercollege.qc.ca 

514-744-7500 

x7365 

Mon-Fri:   

9am – 5pm 

 

Description of the Research     

This research study will be conducted during the Winter 2016 semester in a lab 

group’s 2-hour weekly laboratory class consisting of a period of 15 weeks.  During 

the first 7 weeks of the semester, all the participants will use prescriptive learning 

(learning by using a step-by-step procedure) in the laboratory class.   For the 

remaining 8 weeks of the semester, some participants will continue to use 

prescriptive learning while other participants will use a new teaching method called 

PBL (project-based learning - learning by building real-world projects).  Participants 

will be asked to complete an in-class questionnaire at the midterm point of the 

semester and an in-class questionnaire at the end of the semester. This research study 

will need to have access to your grades with the understanding that your grades will 

be combined into a group average, with no identifying information.  Some 

participants might be asked to participate in an interview session and a separate 

consent form will be obtained at that time. The data for this research study will be 

destroyed once the research is complete.    

 

Potential Harms 

There are no known harms associated with your participation in this research study. 



      

 

Potential Benefits 

Your participation will contribute to the on-going process of improving teaching 

methods in Industrial Electronics.  

 

Confidentiality 

Confidentiality will be respected. No identifying information will be included on 

those questionnaires; you will be given a code ID to use, and the list of IDs will be 

help by an outsider to the department, and will be destroyed once the data collection 

is complete. Group grade averages will be calculated by an outsider to the 

department, so that the researcher will not know who is participating in the study and 

who is not. No information that discloses your identity will be released or published 

at any time. 

 

Participation 

Your participation or lack of participation in this research study will NOT affect your 

grades in any way.  The researcher will NOT know who is participating or not 

participating in this research study until the end of the semester after all the grades 

have been submitted. Your participation is entirely voluntary and you may choose to 

withdraw at anytime. Whether you choose to participate or not participate in this 

research study, you will continue to have access to quality education.   

 

Statement of Consent 

I certify that I have read the above information, understand the risks, benefits, 

responsibilities and conditions of participation as outlined in this document, and 

freely consent to participate in this research study. 



      

Name:                                                                           Signature:                                   

Date:  

NB. This template was based on a sample consent form template developed by the National Council on Ethics in Human Research 

http://www.ncehr-cnerh.org/english/consente.php#s5  

 

  



      

  



      

APPENDIX B  -  COURSE OUTLINE 

 

  



      

 

  



      

FACULTY :  
Careers and Technical Programs 

PROGRAM :  
243.C0 – Industrial Electronics Technology 

DEPARTMENT :  
Industrial Electronics 

COURSE TITLE :  ANALOG CIRCUITS 

COURSE NO :  243-233-VA 

SECTION NO(S):  00001, 00002, 00003 

PONDERATION : 

 

2-2-1 

lecture - labwork – homework (15 

weeks) 

NUMBER OF CREDITS :  1.67 credits 

PREREQUISITE(S) :  Electrical Technology (243-143-VA) 

SEMESTER : 

 2nd Semester (Fall Entry) and 3rd Semester (Winter 

Entry) 

SEMESTER /YEAR  Winter 2016   

TEACHER :  Nicholas Rudi Office K-310 

   Tel. 514-744-7500 x7365 

  e-mail rudin@vaniercollege.qc.ca 

AVAILABILITY:   Office hours will be posted on the office 
door 

 By prior arrangement with the teacher 
  

 

Course Description 
This course will extend the students’ solid understanding of the fundamental 
concepts in electrical technology using semiconductor devices and linear integrated 
circuits.  Students will prepare, assemble, troubleshoot, measure, and analyze 
typical circuits used in industrial application.  The student will also be introduced 
to circuit simulation.  
 

Statement of Competence  

Statement of Competency                      Course Objectives 

1. To verify extra-low voltage signals and 
power supplies (0436)  



      

 Prepare to take measurements or perform 
data acquisition. 

 Take the measurements or perform data 
acquisition. 

 Analyze the data. 

 Record the information. 

 Accurate interpretation of information 
provided, accurate identification of the 
required variable, proper determination of 
and performance of the required numeric 
calculation in an industrial electronics 
problem. 

 Accurate interpretation of units of 
measurement and performance of any 
required unit conversions and clear 
specification of the results in the 
appropriate units. 

 Proper graphic representation of vectors, 
proper use of methods for adding and 
resolving vectors including graphical and 
algebraic manipulations of vectors in 
conformity with rules and accurate 
calculations of vectors 

 Proper and appropriate representation of 
complex numbers (polar, rectangular and 
graphic) 

 Proper use of methods and accurate 
calculations for performing basic 
mathematical operations (addition, 
subtraction, multiplication and division) 
of complex numbers  

 Proper assembly of a simple electronics 
circuit from its schematic representation, 
including the adjustment and proper 
connection of the power source to the 
circuit. 

 Determine the characteristics of the circuit 
devices. 

2. To adjust the devices in the measuring 
chain (043B)  

 Inspect the measuring chain  Select, verify the function of, adjust and 
properly connect the appropriate 
instruments (multi-meter, oscilloscope, 
frequency counter etc.) for the circuits 
under test. 

 Take accurate measurements and perform 
the electrical circuit calculations correctly 
to verify results. 

 Correctly identify the circuit topology and 
circuit elements and correct production of 
a schematic diagram of an assembled 
circuit. 

 Analyze the circuit using the following:  

 



      

Course Content and Tentative Dates (see *Note1) 
Week 

Week 
of 

Lectures 
Activities 

1 

Jan 18 - 
Jan 22 Introduction to Analog circuits 

Activity #1 – Introduction to Analog 

circuits 

2 

Jan 25-  
Jan 29 

Basic concepts of analog circuits, 
signals and measurements 
 

Activity #2 – Using Test and 
Measurement  Equipment 

3 
Feb 1-   
Feb 5 

Diodes 
Activity #3 – Introduction to Diodes  

4 
Feb 8-   
Feb 12 

Diode Applications 
Activity #4 – Diode Circuit Applications 

5 

Feb 15- 
Feb 19 Bipolar Junction Transistors 

(BJT’s) 

Activity #5 – Introduction to BJTs 

Transistors                                                 

Activity #5 - Lab Report #1 

6 
Feb 22- 
Feb 26 

Midterm Test 
Activity #6 – Review of Test and 
Measurement Equipment 

7 

Feb 29- 

Mar 4 
BJT Applications Activity #7 - Lab Test 

8 

Mar 7- 

Mar 11 
Transistor Amplifiers Activity #8 –  BJT CE Amplifier 

 Midterm Break 

9 

*Note2 

Mar 21-        
Mar 25 Analog Simulation Activity #9 – Analog Simulation 

10 

*Note2 

Mar 28-  
Apr  1 Power Amplifiers Activity #10 – Power Amplifiers 

11 

 

Apr 4-  
Apr 8 Analog Switching Circuits 

Activity #11 – Analog Switching 

Circuits 

12 

Apr 11-  
Apr 15 Operational Amplifiers 

Activity #12 – Operational Op-amps   

Activity #12 - Lab Report #2 

13 
Apr 18-  
Apr 22 

Voltage Regulator Activity #13 – Voltage Regulator 

14 
Apr 25- 
Apr 29 

Analog Filters Analog #14  - Analog Filters 

15   
May 2- 
May 6 

Review Activity #15 – Using NI LabView 

16 
May 9- 
May 10 

Final Test No Class 
 

 

 

 



      

Course Material Required 
 

 Approximate cost (

Lab/Text Manual 

Supplementary lecture and lab notes will be supplied online via 
LEA. 

 

- 

 

- 

Logbook  
$ 3.00 

Hardware Tools (available from ABRA Electronics) 

Qty Description Part Number 

1 Educational PC Oscilloscope VEL-EDU09 
 

$ 

 

60.00 

ABRA Breadboard-3260 Tie Points, Code: ABRA-48, ABRA 
Electronics (unless you already have one) 

$ 28.00 

Standard 8GB USB Flash Drive (unless you already have one) 
$ 20.00 

Total (approximately) $ 111.00 

  

Bibliography 
 

Electronic Devices, 9th edition, Prentice-Hall, Thomas L. Floyd, ISBN: 

9780132549868  (available at the Vanier College library circulation desk) 

  

Course Structure 
 

THEORY:  2 hour(s) / week Lecture and discussion, with 

student participation.  

LABORATORY:  2 hour(s) / week Demonstration, lab activities and 

work performed by the student.  

Detailed report written by the 

student.   

HOMEWORK:  1 hour(s) / week The student will be expected to 

devote approximately the 

following hours per week to 

homework. 

THEORY:  Consistent attendance is strongly recommended.  
Students are responsible for obtaining all material 
covered during their absence 



      

LABORATORY:  Failure, to complete all labs assigned, without just 

cause, may result in a failure of the lab session and any 

assigned work derived from the session. 

TESTS/QUIZZES:  Absence will result in failure of a missed test or quiz. 

Students with a just cause for absence from a test 

(Midterm, Final, or Lab Test) are asked to seek 

alternative arrangements with the instructor 1 week 

prior to the test. 

 
 Evaluation of the student will be based on his/her 

performance in class test(s), quizzes, homework, lab 

work, and lab reports. 

 

The final mark will be 

weighted: 

 50% theory 20%  

15% 

15%   

Homework/Quizzes 

Midterm Test              

Final Test                       

  50% lab work 15%  

25% 

10%  

Lab Test  

Lab Report  

Lab Completion 

  Total 100%  

 

 

  



      

  



      

APPENDIX C  -  INTERVIEW QUESTIONNAIRE 



      

 

  



      

Ice breaker introduction or chat 

Hi my name is Nicholas Rudi from Vanier College.  I am conducting a survey of 

Vanier College students in the Analog Circuits course to determine the effectiveness 

of the different methods used for the laboratory activities.  The results of this survey 

might be used to do further research on improving 1st year courses in the Industrial 

Electronics department.  I would like to ask for your consent to ask you a few 

questions that will not take longer than 30 minutes. 

 

Get the interviewee interested in the topic 

Why did you select the Industrial Electronics program at Vanier College? 

 

 

1. What is your name?  

Student’s Attitudes towards electronics 

2. Do you like learning about electronics?     

3. What method do you prefer using when you are studying for 
electronics? 

 

Comparing Lab Activities 

4. Did you notice a difference between the lab activities before the 
midterm break and after the midterm? 

 

5. Which lab activities did you prefer, before or after the break?   
Explain why? 

 

6. Which lab activities did you consider not useful?  Explain why?  

7. Which lab activities motivated you to look at electronics you use 
in everyday life?  Give an example. 

 

8. Do you see the field of electronics differently now that you have 
completed the course?   Explain. 

 



      

Problem-Based Learning Lab Activities after the midterm break:   

9. Were the lab activities easy to follow?   Why or why not?  

10. Were the lab activities interesting and fun?   Why or why not?  

11. Did the use of lab activities after the midterm break increase 
your level of knowledge as compared to the traditional 
laboratory activity approach?   In what way? 

 

12. What do you perceive as the main benefit of the lab activities 
after the midterm break? 

 

13. What do you perceive as the main problem of the lab activities 
after the midterm break? 

 

14. What have you learned in doing the lab activities besides 
content? 

 

Student’s Learning Style 

15. How do you like learning?  

16. What is the most important aspect about learning?  

17. When you encounter a problem in the lab class for the first time, 
you like to….. 

 

18. Your preferred approach to learning is to……  

19. You are happy when a course……..  

 

 

 

Ending the interview 

I would like thank-you for taking the time to complete this interview.   If you would 

like a copy of the results of this research study, please feel free to contact me at 

Vanier College. 

 

  



      

APPENDIX D  -  GLOSSARY OF TERMS 



      

 

  



      

Academic Efficacy (Motivation) - Student’s confidence in their cognitive 

skills to perform a task 

Behaviourial Construct (Attitude) - Behaviours associated with the subject 

matter 

Cognitive Construct (Attitude) - Beliefs associated to the subject matter 

Cognitive Engagement 

(Motivation) 

- Quality of a student’s engagement to a task 

Emotional Construct (Attitude) - Feelings associated to the subject matter 

Interest Construct (Motivation) - Value and importance a student places on a 

task 

  



      

   



      

APPENDIX E  -  POST-TEST QUESTIONNAIRE 



      

 

  



      

 

 

Lab Section: 

 

Wed-8am Wed-10am Thurs-11am 

 

Attitudes towards Electronics (multiple choice - please place only one check mark) 

1 I have always been 
fascinated with 
electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

2 A significant 
challenge when 
learning electronics is 
being able to 
memorize all the 
information. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

3 I think about the 
electronics that I use 
in everyday life. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

4 Even after I learn 
about a topic in 
electronics and feel 
that I understand it, I 
have difficulty solving 
problems on the 
same topic. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

The purpose of this questionnaire is to evaluate the teaching method of the lab 

activities after the midterm break in the Analog Circuits course. This is an 

anonymous questionnaire and the questions asked include your interests, your 

motivations, your perceptions, and how you like to learn the subject of electronics. 

The questionnaire should not take longer than 10 minutes to complete. I would like 

to thank-you in advance for your participation.  

 

Student CodeID (sent to 

you by MIO): 

____________________ 



      

5 Knowledge in 
electronics consists 
of many 
disconnected topics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

6 I am not satisfied until 
I understand why 
something works the 
way it does. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

7 I study electronics to 
learn knowledge that 
will be useful to daily 
life. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

8 I think anyone can 
learn electronics.  

Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

9 To understand 
electronics, I discuss 
it with friends and 
other students. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

10 In doing an 
electronics problem, 
if my calculation 
gives a result very 
different from what I’d 
expect, I’d trust my 
calculation anyway. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 

Intrinsic Motivation (multiple choice - please place only one check mark) 

11 I put a lot of effort in 
learning analog 
electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

12 I think analog 
electronics is 
interesting. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

13 I think that I have 
good problem-
solving skills in 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 



      

analog circuits 
laboratory classes 

14 It is important for me 
to do well in the 
analog circuits 
course 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

15 I tried very hard in 
the analog circuit 
laboratory classes. 
 
 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 

Perceptions (multiple choice - please place only one check mark) 

There was no 
difference between 
lab activities before 
the midterm break 
and after the 
midterm break. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

16 The lab activities 
after the midterm 
break were easy to 
follow. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

17 The lab activities 
after the midterm 
break were 
interesting. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

18 The lab activities 
after the midterm 
break increased my 
motivation to learn 
electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

19 The lab activities 
after the midterm 
break were more 
geared towards how 
I like to learn. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

20 The lab activities 
after the midterm 
break helped me 
understand the 
theoretical concepts 
in the course. 
 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 



      

Perceptions (written response) 

21 Which lab activities 
did your prefer?  
Explain why? 

 

22 Which lab activities 
did you consider not 
useful?  Explain why. 

 

23 Do you see the field 
of electronics 
differently now that 
you have completed 
the course. Explain 
why. 

 

 

Learning Style (multiple choice - please place only one check mark) 

24 What I need to 
learn:  

I like to see how 

I feel about it 

first 

 I like to just 

start, do it 

 
I like to 

think about 

why 

 
I like to watch 

and listen 

before I do 

25 I learn best when: 
 

I just trust my 

hunches and 

feelings 

 
I work hard 

to get 

things done 

 
I rely on 

logical 

thinking 

 
I listen and 

watch 

carefully 

26 When I am learning: 

 I have feeling 

and reactions 

 

I am 

usually the 

one 

responsible 

 

I tend to 

reason 

things out 

first 

 
I am quiet and 

reserved until 

comfortable 

27 I learn by: 
 
 

 
Feeling 

 
Doing 

 
Thinking 

 
Watching 

28 When I learn:  
I get involved 

 
I am active 

 I evaluate 

things 

 
I observe 



      

APPENDIX F  -  PRE-TEST QUESTIONNAIRE 

  



      

  



      

 

 

Lab Section: 

 

Wed-8am Wed-10am Thurs-11am 

 

Attitudes towards Electronics (multiple choice - please place only one check mark) 

1.    I have always been   

        fascinated with      

        electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

2 A significant 
challenge when 
learning electronics is 
being able to 
memorize all the 
information. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

3 I think about the 
electronics that I use 
in everyday life. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

4 Even after I learn 
about a topic in 
electronics and feel 
that I understand it, I 
have difficulty solving 
problems on the 
same topic. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

The purpose of this questionnaire is to evaluate the teaching method of the lab 

activities before the midterm break in the Analog Circuits course. This is an 

anonymous questionnaire and the questions asked include your interests, your 

motivations, your perceptions, and how you like to learn the subject of electronics. 

The questionnaire should not take longer than 10 minutes to complete. I would like 

to thank-you in advance for your participation.  

 

Student CodeID (sent to 

you by MIO): 

____________________ 



      

5 Knowledge in 
electronics consists 
of many 
disconnected topics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

6 I am not satisfied until 
I understand why 
something works the 
way it does. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

7 I study electronics to 
learn knowledge that 
will be useful to daily 
life. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

8 I think anyone can 
learn electronics.  

Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

9 To understand 
electronics, I discuss 
it with friends and 
other students. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

10 In doing an 
electronics problem, 
if my calculation 
gives a result very 
different from what I’d 
expect, I’d trust my 
calculation anyway. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 

Intrinsic Motivation (multiple choice - please place only one check mark) 

11 I put a lot of effort in 
learning analog 
electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

12 I think analog 
electronics is 
interesting. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

13 I think that I have 
good problem-
solving skills in 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 



      

analog circuits 
laboratory classes 

14 It is important for me 
to do well in the 
analog circuits 
course 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

15 I tried very hard in 
the analog circuit 
laboratory classes. 
 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 

Perceptions (multiple choice - please place only one check mark) 

16 The lab activities 
before the midterm 
break were easy to 
follow. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

17 The lab activities 
after the midterm 
break were 
interesting. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

18 The lab activities 
before the midterm 
break increased my 
motivation to learn 
electronics. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

19 The lab activities 
before the midterm 
break were more 
geared towards how 
I like to learn. 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

20 The lab activities 
after the midterm 
break helped me 
understand the 
theoretical concepts 
in the course. 
 
 

 
Strongly 

Agree 

 

 
Agree 

 
Uncertain 

 
Disagree 

 Strongly 

Disagree 

 

Learning Style (multiple choice - please place only one check mark) 

21 What I need to 
learn:  

I like to see how 

I feel about it 

first 

 I like to just 

start, do it 

 
I like to 

think about 

why 

 
I like to watch 

and listen 

before I do 



      

22 I learn best when: 
 

I just trust my 

hunches and 

feelings 

 
I work hard 

to get 

things done 

 
I rely on 

logical 

thinking 

 
I listen and 

watch 

carefully 

23 When I am learning: 

 I have feeling 

and reactions 

 

I am 

usually the 

one 

responsible 

 

I tend to 

reason 

things out 

first 

 
I am quiet and 

reserved until 

comfortable 

24 I learn by: 
 
 

 
Feeling 

 
Doing 

 
Thinking 

 
Watching 

25 When I learn:  
I get involved 

 
I am active 

 I evaluate 

things 

 
I observe 

  



      

APPENDIX G  -  RELIABILITY ITEM-TOTAL STATISTICS FOR THE PRE-

TEST QUESTIONNAIRE 

 

  



      

  



      

 

 

  



      

  



      

APPENDIX H  -  SAMPLE LAB ACTIVITY - PBL 



      

 

  



      

Objectives 

In this lesson, you will become familiar with using the scrum framework to build the 

Digital Scope kit.   

 

Introduction 

Scrum framework is a process completing complex projects.  It was originally used in 

the software industry to develop products but now is being used in other domains.   

 

 

The scrum framework procedure is shown in the above figure. The scrum framework 

works as follows: 

 The product owner creates a prioritized wish list called a product 

backlog 

 During the sprint planning, the team reads the product backlog, creates 

sprint backlog items and decides how to implement those backlog items. 

 The scrum master keeps the team focused on its goals 

 At the end of the sprint, the work should be potentially shippable – 

meaning ready to be shown to a stakeholder or handed over to a 

customer. 

 The sprint ends with a sprint review and retrospective 

 As the next sprint begins, the team chooses other items from the product 

backlog and starts the process over again. 

 

The product to build is the Digital Storage Oscilloscope.  It is composed of the 

following circuits: 



      

 

 

Procedure 

1. The Scrum Master explain the scrum framework 

2. The team is to decide the following during the sprint meeting: 

a. What tasks are to be accomplished during the sprint (lab class)? 

b. Who will work on the tasks? 

3. At the beginning of the sprint, write down on the whiteboard the students that 

            are assigned to each task (product backlog) 

4. At the end of the sprint, update the status of each task (product backlog) with  

            either in-progress of completed.   

 

 

 

 

 



      

APPENDIX I  -  SAMPLE LAB ACTIVITY – PRESCRIPTIVE 



      

 

  



      

 

Objectives 

In this lesson, you will become familiar with voltage regulators. 

 

Introduction 

All electronic circuits require a stable voltage power supply.   A voltage regulator 

provides a stable source of voltage to the circuit.   

 

Procedure 

Voltage Regulator 

1. Build the following the following circuit: 

 

2. Set VDC=5Vdc. 

3. Test the operation of this voltage regulator circuit.   

4. Explain the operation of this circuit by considering the following: 

 Explain the purpose of the LM317, R5, and R14.   

 Explain why there are so many different capacitors in the circuit.  Can 
we remove any capacitors? 

 What is the purpose of L1? 

 Why do we need a voltage regulator for EDU09 scope kit? 

  



      

 

  



      

APPENDIX J  -  INDEPENDENT T-TEST FOR CONTROL GROUP #1 AND        

THE EXPERIMENTAL GROUP 



      

 

  



      

 



      

  



      

APPENDIX K  -  INDEPENDENT T-TEST FOR CONTROL GROUP #2 AND 

THE EXPERIMENTAL GROUP 



      

 

  



      

 

 



      

  



      

APPENDIX L  -  MANN WHITNEY U-TEST FOR CONTROL GROUP #1 

AND THE EXPERIMENTAL GROUP DURING THE PRE-TEST    

 

  



      

  



      

 

 



      

  



      

APPENDIX M  -  MANN WHITNEY U-TEST FOR CONTROL GROUP #2 

AND THE EXPERIMENTAL GROUP DURING THE PRE-TEST 

  



      

  



      

 

 

 

  



      

  



      

APPENDIX N  -  MANN WHITNEY U-TEST FOR CONTROL GROUP #1 

AND THE EXPERIMENTAL GROUP DURING THE POST-TEST 

 

  



      

  



      

 



      

  



      

APPENDIX O  -  MANN WHITNEY U-TEST FOR CONTROL GROUP #2 

AND THE EXPERIMENTAL GROUP DURING THE POST-TEST 

 



      

  



      

 

 

  



      

 



      

APPENDIX P  -  STUDENTS’ ATTITUDES TOWARDS LEARNING 

ELECTRONICS DURING THE PRE-TEST 



      

  



      

 

 

 

 

  



      

 

 

 

 



      

APPENDIX Q  -  STUDENTS’ ATTITUDES TOWARDS LEARNING 

ELECTRONICS DURING THE POST-TEST 



      

  



      

 

 

  



      

 



      

APPENDIX R  -  STUDENTS’ INTRINSIC MOTIVATION DURING THE 

PRE-TEST 



      

  



      

 



      

  



      

APPENDIX S  -  STUDENTS’ INTRINSIC MOTIVATION DURING THE 

POST-TEST 



      

  



      

 



      

  



      

APPENDIX T  -  STUDENTS’ LEARNING STYLES DURING THE PRE-

TEST 



      

  



      

 

 

 



      

  



      

APPENDIX U  -  STUDENTS’ LEARNING STYLES DURING THE POST-

TEST 



      

  



      

 

 

  



      

  



      

APPENDIX V  -  STUDENTS’ PERCEPTIONS DURING THE PRE-TEST       

 

 

  



      

  



      

 

  



      

 



      

APPENDIX W  -  STUDENTS’ PERCEPTIONS DURING THE POST-TEST        

  



      

  



      

 


