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Abstract: Learners’ prior knowledge is essential for effective learning to take place. It interacts closely 
with phases of mathematical problem solving process. As the result of it, tertiary learners with appropriate 
prior knowledge are more receptive to understand abstract concepts, definitions and principles of 
University Calculus as well as their applications in modeling and solving the physical and engineering 
problems. This paper provides the instructor with a framework to implement pre-lecture instruction 
holistically so that learners’ required prior knowledge is activated and strengthened before they attend the 
upcoming lectures. Based on human cognitive information processing model and experiential learning 
theory, the approach facilitates sensing the reviewed knowledge of University Calculus by adapting 
learner’s learning preferences. Then, the knowledge is to be integrated with the learner’s prior knowledge 
and past experience for meaningful learning to take place. It is further extended by drill and practice over 
its wider range of relevant applications. Consequently, a concept map of the knowledge is created and 
stored in the learners’ long term memory. The concept map will be activated whenever the prior knowledge 
is required for new learning to occur. Ultimately, this approach facilitates learner’s reflective, deep and 
meaningful learning in the upcoming lectures of University Calculus. 
 
Key words: Prior knowledge • mathematical problem solving process • university calculus • human 

cognitive information processing model • brain compatibility theory • experiential learning • 
adaptive pre-lecture instruction 

 
INTRODUCTION 

 
 Most of undergraduates majoring in Economics, 
Sciences, Information and Communications 
Technology  (ICT)  and Engineering are required to 
take up University Calculus in their first-year studies. 
University Calculus is the study of change, optimization 
and measurements of area, arc length, volumes, mass, 
work and pressure [1]. It provides more in -depth 
understanding of the nature of space, time and motion 
[2]. Thus, University Calculus is one of fundamental 
mathematics subjects. It is the pre-requisite to more 
advanced courses in the engineering education. If 
students start with appropriate depth and breadth of 
University Calculus, their problem solving skills, 
critical thinking and overall undergraduate experience 
will be further enriched and enhanced. Ultimately, they 
are expected to be more analytical and productive in 
their future careers.  

 In every semester of an academic year in local 
tertiary institutions, a large group of undergraduates 
from different entry requirements (backgrounds) with 
disparity in cognitive level, prior knowledge level and 
past learning experience will register University 
Calculus in the first year of their studies. The coverage 
of University Calculus incorporates abstract concepts, 
definitions and theorems that demand higher order 
thinking to comprehend and apply them in Science and 
Engineering related areas. Hence, it is indeed a 
challenging task for the instructor concerned to design a 
standardized instruction to enhance learning experience 
and facilitate the achievement of the course’s learning 
outcomes among all the registered students.  
 Students’ prior knowledge in Pre-Calculus is 
essential in the learning of concepts, definitions, 
theorems and applications of University Calculus. To 
enable the instructor to effectively implement active 
and   reflective  learning  in  the  lectures  of  University  
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Calculus, the gap of prior knowledge in Pre-Calculus 
among the students has to be reduced. In relation to it, 
there might be a mismatch between expected students’ 
prior knowledge by the instructor and the actual prior 
knowledge acquired by the students on the topic of 
Calculus to be discussed in the upcoming lectures. This 
prior knowledge mismatch would affect learners’ 
motivation, interest, engagement and self-efficacy 
while they are attending the upcoming lectures if no 
appropriate measures are taken to identify and remedy 
it. Furthermore, the instructor might take the valuable 
lecture times to repeatedly address the required prior 
knowledge that the students are supposed to acquire in 
their past learning experience.  As a result of it, the 
actual lecture material for University Calculus has to be 
compressed and covered within smaller amount of 
lecture time as expected. This accelerating approach 
might cause even more frustration for the students to 
sense, construct and apply new knowledge being taught 
in the University Calculus lectures.  
 Hence, a holistic approach is required to activate 
and enhance prior knowledge of tertiary learners in the 
upcoming lectures of University Calculus. It shall 
integrate learners’ cognitive information processing and 
experiential learning into their preparation to build, 
strengthen and activate their prior knowledge and 
facilitate evaluation and synthesis of new knowledge in 
University Calculus. 
 

LEARNER’S PRIOR KNOWLEDGE 
 
 Although tertiary learners have fulfilled the 
minimum entry requirements to proceed their 
undergraduate studies, they still have variety and 
disparity in their curricular prior knowledge and past 
learning experiences [3]. On top of it, University 
Calculus requires the prior knowledge of the Pre-
Calculus, including algebra, analytic geometry, 
functions, trigonometry, sequence and series [2]. 
Normally, course material of University Calculus is 
organized in the hierarchical manner where 
understanding prior knowledge is vital to ensure the 
knowledge learnt and problem solving skills acquired 
are applied correctly in new contexts [4]. Hence, 
understanding on the curriculum of University Calculus 
is largely dependent on the learners’ past learning 
experience and prior knowledge. 
 Initiated by Vygotsky [5], Zone of Proximal 
Development (ZPD) is the difference between the 
cognition level of a learner can achieve with and 
without assistance from others, including experts and 
peers [6, 7]. In this paper, the prior knowledge in Pre-
Calculus forms ZPD of tertiary students who take 
University  Calculus  in a semester of an academic year.  

 
As learners’ prior knowledge affects learning 
effectiveness, their academic achievements are 
influenced  by  the  domain-specific prior knowledge 
[8-11]. Prior knowledge interacts closely with various 
phases of information processing and problem solving 
process [9, 10, 12]. As a consequence, learners who 
have deficiency in relevant prior knowledge will have 
difficulty in acquiring new knowledge and constructing 
new understandings [10, 11, 13]. Thus, it is vital to 
implement pedagogical initiatives to correct the 
knowledge deficiency among the tertiary learners so 
that they are well prepared and more receptive to new 
concepts, approaches and applications in the upcoming 
lectures of University Calculus. 
 

MATHEMATICAL PROBLEM 
SOLVING PROCESS 

 
 With the reference to Mayer’s mathematical 
problem solving theory [12], mathematical problem 
solving process consists of two steps that are embedded 
into four sub-processes. In the very first step of problem 
representation, learners are required to translate the 
problem statements in the problem given and then 
integrate it with the relevant knowledge previously 
acquired. In order to perform this task, learners need to 
have the linguistic knowledge and semantic knowledge 
to understand the conditions, constraints and meanings 
of the given problem. This translated information is 
then matched with schematic knowledge that represents 
the learner’s related inter-connected declarative 
knowledge in order to identify the goals of the problem. 
With the appropriate problem representation, the next 
step is the problem solving. It involves learner’s 
planning and executing to correctly and effectively 
solve the problem given using the related strategic and 
procedural knowledge that are previously acquired. In 
this aspect, only learners with the appropriate prior 
knowledge at each step and sub-processes  have the 
capability to solve mathematical problems given 
successfully.  
 The main issue here is how to implement effective 
pre-lecture instruction that provides the remedial 
measure to homogenize learners’ prior knowledge and 
enhance learners’ mathematical problem solving 
capability so that they are more reflective on the 
meaning, importance, relevancy and impact of the 
knowledge presented in the upcoming lectures of 
University Calculus. To address this issue, the 
instructor shall understand how information is received, 
processed and retained in the learners’ mind before 
appropriate teaching strategies and tactics can be 
introduced to influence effective, efficient and 
systematic learning among the learners. 
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HUMAN COGNITIVE  

INFORMATION PROCESSING MODEL 
AND EXPERIENTIAL LEARNING THEORY 

 
 The pre-lecture instruction introduced is initially 
sensed and stored at temporally limited sensory 
memory of the learner’s mind. At this stage, only the 
part of instruction that is relevant to the learner’s prior 
knowledge, adapted to the learner’s learning 
preferences and meaningful to the learner’s past 
experience is more likely to be captured and transferred 
to  the  short-term  memory  for  further   processing  
[14, 15]. Short-term memory is a working and 
conscious memory in the learner’s mind to organize the 
filtered instruction into knowledge constructs. Each 
knowledge construct has its own theme and respective 
features. In the experiential learning theory, knowledge 
is constructed and dynamically re-constructed via 
grasping experience (from concrete experience and 
abstract conceptualization), experience transformation 
(with reflective observation and active experimentation) 
and its association with existing knowledge and past 
learning experiences in the long-term memory of the 
learner [16]. Learner’s concrete experiences form the 
basis for his/her observations and reflections. Then, 
these reflections are assimilated into abstract concepts 
which  in  turn  are  actively  tested/evaluated  before 
new  knowledge  construct  is  built  [17]. More deeply 
the instruction is processed, the more it will be 
remembered [18].  
 The newly built knowledge is dynamically 
embedded into a pool of inter-connected knowledge 
constructs stored in multiple locations of long term 
memory in the learner’s mind. It contains semantic 
(related facts, abstract concepts and their relationships), 
episodic (related personal experiences), procedural 
(related skills and logics) and imagery (pictorial) 
knowledge [19-21]. Each knowledge construct 
encapsulates a categorization of events, objects, 
procedures or experiences with its own 
characteristics/features. When more connections are 
linked to a knowledge construct, it is more likely for the 
knowledge construct to be activated for further 
knowledge evaluation and synthesis as the knowledge 
construct is more integrated the learner’s prior 
knowledge and past learning experience [22].  
 The main concern here is how the pre-lecture 
instruction can be more efficiently sensed and then 
effectively processed before learner’s prior knowledge 
constructs are built and stored permanently in the long-
term memory of the learner’s mind with minimum 
instruction loss [23]. 
 

BRAIN COMPATIBILITY THEORY 
 
 The learning and integration of new knowledge 
with  the  existing  prior  knowledge  and  past  learning  

 
experience shall be optimized if the learning 
environment is compatible and simulative to the 
functionalities of the human brain  [24]. As the brain has 
the capability to simultaneously process a wide variety 
of information all at once, learning shall be enhanced 
through  rich  and  multi-sensory environment with 
multi-modal instructional techniques and multiple 
intelligence activities [25, 26]. In the brain 
compatibility theory, learning activities and instructions 
that facilitate challenges, novelty, choice, timely 
feedback, social interaction and learner’s active 
participation will enhance the brain’s capability in 
integrating new knowledge into its existing patterning 
structure [27-29]. The global view of the new teaching 
instruction facilitates the brain pattern matching and 
connections with the learner’s existing prior knowledge 
[30]. On top of it, learning is enhanced by challenges 
but hindered by threats  [26]. The perceived threats can 
inhibit the use of higher order thinking skills  [31]. With 
the sufficient time for the learner to learn by doing and 
reflect on what has been done, the efficiency and 
effectiveness of the human cognitive information 
processing model can be further enhanced [29]. 
 

ADAPTIVE PRE-LECTURE INSTRUCTION 
IN UNIVERSITY CALCULUS 

 
 The design of pre-lecture instruction shall adapt to 
learners’ cognitive information processing and 
experiential learning. To enhance its efficiency and 
effectiveness, the instruction is embedded with brain 
compatibility theory and learner’s zone of proximal 
development in the spiral learning process over the 
learners’ past experiences at different levels of 
cognitive thinking. The learner can interact with the 
pre-lecture material at knowledge, comprehension and 
application level of Bloom Taxonomy  [32]. The 
overview for the design of the adaptive pre-lecture 
instruction in University Calculus is summarized in the 
Fig. 1. 
 

 
 

Fig. 1: The design of adaptive pre-lecture instruction 
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Fig. 2: Framework to implement adaptive pre-lecture instruction in University Calculus 
 
 The pre-lecture material is organized according to 
different levels of cognitive thinking. For each level of 
cognitive thinking, the material is focusing on the 
learning by doing and reflection on what has been done. 
It provides enriched and enhanced learning 
environment to activate and simulate the function of 
brain to build, strengthen and activate the learners’ 
prior knowledge. On top of it, the scaffolding strategy 
of the pre-lecture material is based on the learner’s zone 
of proximal development over relevant prior knowledge 
development and its comprehension and applications. 
This adaptive pre-lecture instruction provides the basis 
for the holistic approach to facilitate active, contextual 
and social learning with time ly feedback and 
interactivity to the learners so that they are better 
prepared for the upcoming lectures of University 
Calculus. 
 

FRAMEWORK FOR A HOLISTIC APPROACH 
TOWARDS ENHANCING PRIOR KNOWLEDGE 

OF LEARNERS IN UNIVERSITY CALCULUS 
 
 A framework is proposed to reduce prior 
knowledge deficiency in a large group of tertiary 
learners registering for University Calculus. It 
incorporates experiential learning to enhance learner’s 
problem solving and critical thinking skills. On top of 
it, the pre-lecture material presentation is closely 
associated with the learner’s past knowledge with 
enriched learning environment to facilitate grasping and 
transformation of the relevant prior knowledge into 
inter-connected concept maps that are stored in the 
long-term memory of the learners for new learning to 
take place. The concept map is a network diagram 
where the network nodes represent the concepts of the 
prior knowledge and the line with a label to indicate the 
relationship among these concepts  [33]. It is a tool for 
the learners to examine and activate their prior 
knowledge before embarking on the acquisition of new 
knowledge [34, 35].  
 The pre-lecture material is to be presented 
inductively in multi-sensory environment to facilitate 
the    sensing    and   engagement   of   the   learners.  Its 

presentation integrates learners’ past learning 
experiences and prior knowledge as well as provides 
drill and practice on real-world problem solving. A 
conceptual map is then created to inter-relate all the 
concepts introduced in the pre-lecture material. The 
concept map is to be dynamically updated whenever 
there is new concept introduced. It facilitates the 
activation of learner’s prior knowledge for new learning 
experience is taken place. The approach is summarized 
in Fig. 2 below.  
 

ROLES OF ICT INTEGRATION IN  
THE PRE-LECTURE INSTRUCTION 

FOR UNIVERSITY CALCULUS 
 
 Information and Communications Technology 
(ICT) consists of hardware, systems and applications 
software, multimedia learning resources and 
information  systems  that  are  accessible  via intranet 
and  internet  [36]. It  can  act  as  a  cognitive  tutor in 
the pre-lecture instruction to provide illustrative 
Computer Aided Instruction (CAI) that accommodates 
visual,  verbal  and  kinesthetic learning  preferences 
[37, 38] as well as providing drill and practice 
assessments with immediate hints, prompts and 
feedback  to  the  learners  [39-42].  On  top  of  it, 
online learning management system (LMS) can be 
leveraged to facilitate not only upload and download 
interactive  web-based  multimedia  course  materials 
but also the implementation of the active learning 
techniques such as collaborative learning, problem-
based  learning  and  cooperative  learning  to instill 
high-order and reflective thinking among the learners 
[38, 43-45]. Besides, an individual report with the 
review of learner’s level of prior knowledge, 
misconceptions  made  in  the  pre -lecture instruction 
and  recommendations  for  further  improvements  can  
be distributed timely to the learners via LMS and 
emails  for  further  knowledge  syntheses  and  
creation. The role of ICT in the adaptive pre-lecture 
instruction   for   University  Calculus  is  summarized  
in the Fig. 3. 
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Fig. 2: Roles of ICT in pre-lecture instruction for 

University Calculus 
 

CONCLUSION 
 
 Lecture is better received if a student is prepared 
for it. As the adaptive pre-lecture instruction of 
University Calculus is organized based on learners’ 
previous  knowledge,  past  learning  experience  and 
their cognitive levels, the learners have systematically 
and holistically built, strengthen and activated their 
prior knowledge required before attending the 
upcoming lecture in University Calculus. They are 
expected to be more active and reflective for further 
knowledge acquisition and construction in the course’s 
lectures and tutorials. 
 On the other hand, the instructor can use the 
adaptive pre-lecture instruction to homogenize the 
learners’ disparity in academic backgrounds, cognitive 
levels and prior knowledge in University Calculus 
before an appropriate lecture instruction can be 
designed for the upcoming lecture to facilitate active, 
interactive and co-operative learning activities for 
future knowledge construction and acquisition. On top 
of it, the timely personalized feedback can be 
incorporated into the drill and practice module of the 
instruction to ensure the pre-lecture material are 
comprehended and applied in the right context prior to 
the  upcoming  lectures. The integration of adaptive 
pre-lecture instruction into the lectures is expected to 
facilitate the instructor to cover the depth and breadth 
of topics of University Calculus in the lectures. 
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