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Process systems engineering (PSE) in the field of chemical engineering education requires a systems 

approach to process design and process integration which emphasizes the unity of the processes and 

considers the interactions between different unit operations and processes. Understanding the behavior and 

interaction of such systems often times require the evaluation and calculation of multiple mathematical 

equations which are more easily accomplished in a technology-enhanced learning environment particularly 

with the use of e-learning and computational tools.  The integration of computer aided courses within the 

curriculum of the undergraduate chemical engineering degree has thus become essential in preparing 

students for professional practice. In addition, previous works have shown that these discipline specific 

computer-aided exercises can potentially assist in the development of metacognitive skills.  However, the 

evaluation of the effectiveness of these tools in learning PSE based from metacognitive perspectives has not 

yet been fully assessed. Early studies on metacognition refer to it as a concept wherein an individual is aware 

and able to regulate his cognitive activities such as reasoning skills and perception in the learning processes. 

Traditional lecture delivery for example has not been considered effective for promoting higher order thinking 

and learning in students. This work thus explores how learning is enhanced through the use of discipline 

specific problem solving exercises with the aid of various computational tools and software packages. The 

pilot study involved creating story problems for computer-aided based course in the undergraduate chemical 

engineering curriculum of a certain private Philippine university. The study utilizes an evaluation instrument 

based on Metacognitive Activities Inventory (MCAI) to measure the metacognitive skilfulness of the students. 

This study also presents implications on future research directions in evaluating student’s e-learning 

strategies. 

1. Introduction 

Chemical engineering students are faced with several challenges with regards to problem solving tasks 

required by their technical courses. It is worth noting that it is not only the knowledge of the content of the 

courses that matters but also the skills that will accompany them when faced with such academic tasks. As 

such, learners are not just expected to have mastered simply skilfulness but also the awareness to regulate 

metacognitive skilfulness. Metacognition is referred to as the knowledge about and regulation of one’s 

cognitive activities in a learning process (Schraw and Dennison, 1994).It is characterized as: knowledge of 

cognition (KC) and regulation of cognition. Knowledge of cognition refers to the explicit awareness of the 

individuals about their cognition while regulation of cognition is the component that comprises the repertoire of 

activities used by individuals to control their cognition (Veenman et al., 2006). There were reported studies 

that evaluate this metacognition awareness and skillfulness during problem solving in undergraduate 

chemistry laboratory (Cooper et al, 2008) and in homogeneous reactor design course (Ramirez et al., 2013). 

However, no studies have done to understand how chemical engineering students’ learning of process 

systems engineering is enhanced in a computer-based learning environment. This works thus attempts to 
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understand such learning process with the aid of story problems and computational tools from the 

metacognitive perspectives. 

2. Conceptual Framework 

Figure 1 illustrates the conceptual framework which shows how meta-cognition is linked to the methodology of 

implementing PBL, using computer aided tools towards learning process systems engineering and the 

student’s over-all academic achievement. The development of metacognitive skills, specifically one’s 

Regulation of Cognition, may assist in the efficient processing of problem solving tasks within the context of 

process systems engineering. With the application of PBL in problem solving tasks, students’ are encouraged 

to reflect, monitor their skills and utilize previous knowledge. With the aid of computer-assisted learning, 

problem solving becomes more meaningful in the students’ achievement of their goal to attain success in 

learning.  

 

 

Figure 1: Conceptual framework used in this study 

For students to deal with problem solving effectively, they should be aware that they need to understand how 

they perform such cognitive tasks. As such, problem-based learning may assist in the production of significant 

metacognitive development in Chemical engineering undergraduates (Downing et al., 2009). Problem-based 

learning (PBL) is an accepted and successful innovative method in engineering education (de Graaf and 

Kolmos, 2003). It is referred to as an inductive learning approach which utilizes real-life problems as the 

starting point of learning (Mohd-Yusof et al., 2011).  PBL has its roots from medical education in the early 

1960’s and has long been used in the curricula of other fields of specialization (Albanese and Mitchell, 1993). 

At the core of PBL is the development of the desired learning skills and behaviors of students (Cline and 

Powers, 1997).  

PBL has been extensively applied in engineering education such as in the University of Missouri, University of 

Monash and City University of Hong Kong to name a few. Although engineering education aims to enable 

students to excogitate solutions, it would be inappropriate to label most engineering educational pedagogical 

practices as PBL (Cline and Powers, 1997). In essence, PBL requires students to monitor and direct the 

process of problem solving, bringing memory of concepts and processes learned earlier to be applied in the 

current problem. The entire process of PBL involves processes such as setting of motivational context by real-

life problem; activation of learning through peer and teacher interaction; development of knowledge of relevant 

materials; and application of previous knowledge to process a problem (Downing et al., 2009). 

Several engineering programs have tried to introduce “good engineering” practices into their curriculum which 

would not just demonstrate theory based on the goals of industrial problems; but also encourage students to 

find out how to get the results. Although these innovations incorporated many ideas of the PBL approach, it 

should be noted that traditional subject-based learning, supported by applied examples, is not PBL (Cline and 

Powers, 1997). Apart from the traditional introduction of real-life problems in the class, the use of educational 

tools such as computer-based learning may aid in the development of metacognitive skills to assist students to 

enable them to evaluate, plan, and monitor their thinking processes during problem solving for their successful 

learning (Hollingworth  and McLoughlin, 2001). 

It has been found that e-learning tasks given to students improved opportunities to understand processes 

(Hollingworth and McLoughlin, 2001). Moreover, e-learning tools such as computer-based problem solving 
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promote innovativeness. It is an engaging learning experience to students which allows them to explore 

concepts and problem sets in new ways and also enables them to become self-directed learners. These e-

learning materials are designed to encourage the learners to reflect, reason and solve real-life problems more 

efficiently (Hollingworth and McLoughlin, 2001). 

3. Story Problems in learning Process Systems Engineering (PSE) 

Process systems engineering in the field of chemical engineering requires a systems approach to process 

design, operation and optimization. For example, process integration emphasizes the unity of the process and 

considers the interactions between different system components. Its principles have been applied in the 

design and development of systems at various scales, from molecular processing, product and process design 

(Aviso et al., 2015), inter-plant integration (Tan et al., 2015a) to enterprise wide (Tan et al., 2015b) and supply 

chain optimization (Yue and You, 2015). Understanding the behavior and interaction of such systems often 

times require the evaluation and calculation of multiple mathematical equations which are more easily 

accomplished in a technology-enhanced learning environment particularly with the use of e-learning and 

computational tools. The main challenge is to be able to develop mathematical models, which represent 

different aspects of chemical process industries, in order to facilitate decision-making. The integration of 

computer aided courses within the curriculum of the undergraduate chemical engineering degree has thus 

become essential in preparing students for professional practice. As such, the current study will explore the 

use of story problems and understand how students perceive their problem-solving skills and activities in a 

computer-aided learning environment. Figures 2-4 illustrate the story problems that were designed for such 

study. 

 

 

Figure 2: Story Problem 1 to demonstrate the application of Excel for optimization problem 

4. Case Study 

The case study considered here is the implementation of computer aided courses and activities within the 

undergraduate curriculum in De La Salle University (DLSU), a private, non-profit university in the Philippines. 

The Commission on Higher Education of the Philippines requires a total of 229 credit units in technical 

courses for the Bachelor’s degree in Chemical Engineering. At DLSU, the BS Chemical Engineering degree is 

conducted using a trimestral system with a total duration of 13 terms. The introduction of computer-aided tools 

into the curriculum is done through a 1 unit laboratory course entitled “Computer Applications in Chemical 

Engineering” (LBYCHEJ) which is taken for 3 hours a week for a total of 13 weeks. This course is taken by 
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students during their 10th term in the program (4th year). However, other computer aided activities are 

conducted within various Chemical engineering courses. A study on the implementation of P-graph for 

LBYCHEJ and DESCHE2 for example, was recently done by Lam et al. (2016).   LBYCHEJ in particular, 

introduces various software tools for solving typical chemical engineering problems. These tools include 

spreadsheet programs such as Excel and What’s Best! (LINDO systems, 2016), the modelling software 

UNISIM (Honeywell International Inc, 2013), a generic optimization modelling software, LINGO (LINDO 

systems, 2016), and the P-graph studio (P-graph community, 2015) which is a dedicated software used for 

problems related to or are similar to process network synthesis. The lessons in LBYCHEJ are implemented 

through a discussion of basic principles in chemical engineering and basic functions of the software which are 

necessary for solving the assigned problem. Story problems such as those shown in Figures 2 to 4 are utilized 

in order to facilitate the thought process of students.  

 

 

Figure 3: Story Problem 2 to demonstrate the application of Excel and LINGO for optimization problem 

 

Figure 4: Story Problem 3 to demonstrate the application of LINGO and P-graph for optimization problem 

700



A 27 item questionnaire designed by Cooper et al. (2008) was utilized in the attempt of measuring the 

metacognitive skills of the students. The questionnaire was administered twice during the term, the first prior 

to the discussion and application of software tools while the second instance was done at the end of the term. 

The questions can be answered using a 5 point Likert scale as illustrated in Figure 5, to indicate how much 

they agree to the statements given. Note that the last eight items are negatively coded items to probe the 

negative aspect of metacognition. Hence, responses from these negatively-coded items were transformed 

(e.g., a 1, “strongly disagree” becomes a 5, and so forth) before computing the metacognitive activities 

inventory (MCAI) score . The MCAI scores of each student were obtained by calculating the percentage of the 

student’s score against the maximum attainable score. The higher the MCAI score is, the higher the level of 

self-reported metacognitive skilfulness is. 

 

 

Figure 5: Sample questionnaire survey to measure metacognitive skillfullness (MAI score). 

There were a total of 15 students in the class, 10 of them answered the pre-test properly while 11 were able to 

answer the post-test. However, only a total of 6 responses were obtained for the paired t-test since some 

respondents in the post-test were not the same as those who responded in the pre-test. From the pre-test 

results, MCAI score of the students ranged from 73.3 to 84.4. Results from the paired t-test (p-value = 0.32) 

show that there is not enough evidence to reject the hypothesis that the post-test scores are higher than the 

pre-test scores at a level of significance of 0.05. Thus, further study is needed to evaluate whether the current 

class activities and designed interventions can improve the metacognition skills of the students. 

The activities used in the course included the use of story problems which were designed to simulate real life 

scenarios wherein actual decisions need to be made. For example, one story problem required the students to 

identify the optimal mix of crude oil types which must be processed in order to meet the desired product 

demand of goods (see Figure 2). The objective is to achieve the maximum profit and the students were asked 

to make use of Excel to solve the problem. Students were initially asked to perform the activity without any 

additional input from the instructor. Thus, in addition to the survey answered by the students, they were also 

asked to explain how they solved the given problem. Some students who were already familiar with the Excel 

Solver utilized the Excel add-in in order to arrive at the solution. Other students resorted to using Excel 

functions which were already known to them and several approaches were considered. Students decided to 

fix certain parameters in the problem in order to arrive at a solution. Such parameters include fixing the 

amount used for a particular crude oil type or maximizing the demand of one product type. During the 

discussions it was also evident that students found it easy to conduct what-if scenarios within the context of 

the story problem simply by varying their assumptions on the parameters. Conducting these what-if scenarios 

has also helped the students in assessing how the model solution behaves whenever a change is introduced 

into the system. 

5. Conclusion and Implications 

This exploratory study recognizes that metacognition plays an important role in developing problem solving 

skills while learning the concepts of process systems engineering. Designing story problems that will promote 

metacognitive awareness and skilfulness could be a valuable teaching technique to improve student’s 

performance. Moreover, the Metacognitive Activities Inventory (MCAI) could be used as a tool to understand 

the problem solving skills as perceived by these chemical engineering students and to provide a measure on 

one’s regulation of cognition.  Because of the inconclusive results obtained in this initial survey, further 

research is needed by collecting more data over a longer period of time and using a larger number of chemical 

engineering students so that the metacognition awareness and skilfulness of students’ ability can be examined 

across different contexts and different learning environments. In addition, it would be interesting to map out 

how the different courses contribute towards the metacognitive awareness of the students. Metacognition 

components should also be examined separately through multi-method approach including observations, 

interviews, and ‘thinking aloud’ techniques in order to complement the results obtained from the survey. Open 

1. I read the statement of a problem carefully to fully understand it and determine what the goal is.

1. strongly disagree    2. disagree    3. undecided    4. agree    5. strongly agree

2. When I do assigned problems, I try to learn more about the concepts so that I can apply this knowledge to test problems.

1. strongly disagree    2. disagree    3. undecided    4. agree    5. strongly agree

……

26. I spend little time on problems I am not sure I can solve.

1. strongly disagree    2. disagree    3. undecided    4. agree    5. strongly agree

27. When practicing, if a problem takes several attempts and I cannot get it right, I get someone to do it for me and I try to memorize the procedure.

1. strongly disagree    2. disagree    3. undecided    4. agree    5. strongly agree
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ended questions for example can potentially provide feedback from students on how computer aided activities 

impact their learning.  Thus, this could provide insights on how to design interventions including computer-

aided learning tools that can develop metacognition which leads to improved learning outcomes for students. 

Future works should study deeper the self-regulated learning of undergraduate chemical engineering students 

in an e-learning environment. E-learning can be used as a powerful tool to foster students’ will and skill for 

learning about complex topics in process systems engineering. Note that according to Zimmerman (1986), 

students are considered self-regulated learners when they are metacognitively, motivationally, and 

behaviourally active participants in their own learning process. It is thus important to understand how self-

regulated learning strategies can be supported properly in such e-learning environments. 
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