
ScienceDirect

Available online at www.sciencedirect.comAvailable online at www.sciencedirect.com

ScienceDirect 
Procedia Manufacturing 00 (2017) 000–000  

 www.elsevier.com/locate/procedia 

* Paulo Afonso. Tel.: +351 253 510 761; fax: +351 253 604 741  
E-mail address: psafonso@dps.uminho.pt 

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 2017.  

Manufacturing Engineering Society International Conference 2017, MESIC 2017, 28-30 June 
2017, Vigo (Pontevedra), Spain 

Costing models for capacity optimization in Industry 4.0: Trade-off 
between used capacity and operational efficiency 

A. Santanaa, P. Afonsoa,*, A. Zaninb, R. Wernkeb 

a University of Minho, 4800-058 Guimarães, Portugal 
bUnochapecó, 89809-000 Chapecó, SC, Brazil  

Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

The engineering graduates should have interdisciplinary knowledge in addition to theoretical knowledge to survive in 
dynamic industrial environment. Literature reveals that Indian engineering graduates need to develop problem solving, 
solution development, social skills in engineering graduates. Research-based learning (RBL), one of the outcome-
based learning techniques, closes the gap between theory and application. It involves the learner to design, experience 
and reflect the entire process of learning. Inquiry forms one of the important elements of RBL which also develops 
creativity and discovering new techniques breaking the monotonous process for solution development. The present 
study conducted an empirical analysis to examine the role of RBL in skill development of engineering graduates. The 
participants are the recent graduates of Birla Institute of Technology and Science Pilani, Pilani campus and those who 
had done thesis/dissertation. Thesis/dissertation involves the learner in research process such as problem 
identification, hypothesis formulation, design, data collection and analysis, interpretation, critical review, etc. An 
online survey questionnaire has been used to assess the skills.  The results demonstrated that the use of RBL develops 
and enhances problem solving, domain knowledge, language and communication, communication & information 
technology, general learning, academic knowledge, attitude, ethics skills. It is also opined that use of RBL and 
activities will foster to reduce the gap between the skills required in the industry and learned at the university. Thus, 
it is important to integrate the RBL in engineering curricula to provide exposure and develop required skills. 
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1. Introduction 

The demand for skilled engineers is increasing in the emerging nations, such as India [1]. There is an urgent need 
to develop skills in the formal education system and at the same time skill creation outside the formal education system 
is required to meet the increasing need of skilled employees [2]. Although the Indian academic engineering education 
provides strong domain knowledge, there are many studies by KPMG, BCG and FICCI reflecting the need to develop 
‘problem solving skills’ in Indian engineering graduates. Even AICTE report [3] indicated that engineering graduates 
lack in skills or competency missing in as anticipated by industry or corporate. Thus, it becomes important to impart 
knowledge and skills to engineering graduates as an inbuilt part of engineering education.  

 
A certain set of skills have also been prescribed by academic-practitioners and accreditation boards: 

domain/fundamental knowledge [4], critical thinking [5], problem solving [5], social skills (presentation, professional 
relationship, communication, ethics, attitude, teamwork) [4&6], etc. Though, to improve the quality of engineering 
education system, the accreditation boards such as ABET [7] and National Board of Accreditation, India have clearly 
stated learning outcomes in the form of the skills to be possessed by graduates as part of the curriculum. The outcome 
is not up to the mark, as a recent study revealed that engineers in Indian manufacturing organisations lack in skills like 
problem solving, teamwork and communication [8]. To close this gap, there is a need to maintain a balance between 
theory/fundamental teaching and providing real work exposure to students. By combining didactical approaches and 
existing concepts with emerging topics of the industry resulting in the concept of Learning Factories (LF) can also be 
addressed to close the gap [9]. LF is an extension of existing labs to make industry oriented learning in educational 
setting. It provides hands-on experience which emerges to be application and analytical oriented. At the same time, it 
is also necessary to understand the graduate’s perception and satisfaction towards skills developed during their 
graduate training [10] along with focus on teaching/learning techniques used. This demonstrates the need to investigate 
the practice based teaching/learning practiced in engineering education and its effect on skills development, also the 
perception of graduates towards skills. 

 
The present study analyses the research based learning (RBL) techniques used in engineering education. RBL is 

based on experiential learning which involves both active (learning by doing) as well as reflective learning [11]. RBL 
is one of the best suited methods to develop, enhance and sustain a deeper and thoughtful learning leading to better 
teamwork, communication, analytical, etc. skills [12]. RBL emphasizes on research process and problems underlying 
inquiry-based learning involving students as participants [13]. RBL being experiential and inquiry based, leads to 
intellectuality as well as development of academic skills (i.e. strategies, planning, decision making, being aware, etc.) 
[14]. The learners’ use of academic knowledge leads to work based learning [15]. According to Huber [16], in RBL, 
the learners design, experience and reflect the entire process of a research (problem identification, literature review, 
observation, hypothesis formation, research design, data collection and analysis, results and discussion, report 
drafting).Thesis/dissertation (T/D) is an activity of RBL with the goal to generate new findings and research. It is one 
of the important methods by using research elements in teaching/learning process [17]. This develops a particular 
scientific process of learning which is helpful in real-work environment where they are required to do preplanning 
before execution considering the positive and negative consequences. 

 
The present study investigates the role of thesis/dissertation (one of the activities of RBL) in engineering education 

for skill development. An empirical method is used to answer the following research questions:  
 

RQ 1. What is the perception of the engineering graduates towards RBL (T/D)? 
RQ 2. Does RBL (T/D) develop required skills in the engineering graduates? 
RQ 3. Is there correlations and any difference among the skills developed through RBL (T/D)? 

2. Methods and Materials 

Based on literature review a conceptual framework (figure 1) is used to find the answers to the above defined 
research questions. This shows how the standard RBL process can be used to develop the skills such as problem 
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solving, domain knowledge, ethics, academic knowledge, language & communication, and communication & 
information technology. The 50 participants were the graduated students of Birla Institute of Technology and Science 
Pilani (BITS Pilani), India; who did their T/D as one course in their final year of graduation. The students were made 
to engage in the process: from problem identification to report presentation or publication. The RBL context included 
instruction based on research-based as one of the paradigm proposed by Healey [13] where the participants were 
involved completely on problem and learning process.The study used a cross-sectional research design and 
questionnaire survey method. The questionnaire used by Sota and Peltzer [18] was modified for the Indian context. 
The final questionnaire contains 38 items based on five point Likert scale where 1 means strongly disagree, and 5 
means strongly agree. The questionnaire was validated for the content validity and its thoroughness by the BITS Pilani 
professors, who are actively involved in academic and research planning. The questionnaires were filled after a 
thorough discussion with respondents. Some of the specific questions added are:  Item no 5, 17, 18, 21, 24, 25, and 26 
(table 1).The reliability and validity of the questionnaire have been assessed and discussed in the results and discussion 
section. The data was analyzed using SPSS for Windows. Following tests/analyses were carried out: 

 Corrected-item-total-correlation (CITC) for the purification of the data 
 Reliability analysis to assess the data reliability 
 Exploratory factor analysis to categorise the items under respective variables (skills) 
 Correlation test to see the relationship among the variables (skills) 
 Paired sample t-test to see whether any difference exist among the level of skills developed by RBL 

 

Fig. 1. Conceptual Framework for the study. 

 

3. Results and Discussion 

3.1. The descriptive statistics of all the statements (to study the perception of engineering graduates) 

During descriptive analysis; purification of data was done based on the corrected-item-total-correlation (CITC) 
value (table 1). Earlier six items having less than 0.3 CITC value were deleted for further analysis. Further, during 
EFA more five items were excluded due to cross loadings and finally twenty seven items were considered for EFA 
and other analysis.  The Cronbach alpha as a measure to assess the internal consistency of the items was used. The 
reliability of the data was found to be excellent for all twenty seven items (α=0.896). The mean score was analysed to 
understand the perception of participants. The results (table 1) indicate that the mean value of the items ranges from 
3.42 to 4.36. This shows that the participants have positive attitude towards the learning developed through T/D. Many 
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items have mean value of 4.0 or above. This demonstrates that the participants perceive the RBL to be helpful in 
enhancing their learning to be useful in their work environment. It can be observed that few items (e.g. item no 6 and 
24) have lower mean value and higher standard deviation which means these activities should be developed to 
strengthen the learning. 

3.2. Exploratory factor analysis (EFA)  

EFA is carried out to explore the natural groups of skills. The EFA reveal that the T/D activities can be grouped 
into eight skills as shown in table 1. These eight skills are termed as: problem solving, domain/fundamental knowledge, 
language and communication, communication & information technology, general learning, academic knowledge, 
attitude and ethics. The EFA findings also reveal that the PS plays the largest role in characterising the eight skills 
followed by other skills. PS accounts for more than 15.96 of the variance explained by the eight skills. Even in an 
experimental study it was found that RBL improves learners’ ability to think critically, analyse, understand and 
synthesize in comparison to traditional methods of teaching/learning [14].The mean value of all the items in problem 
solving group has the highest score which means that the contribution of RBL to the development of problem solving 
skills is highest. This demonstrates findings of the study are in consonance with theory of RBL which describes that 
RBL focuses on learning process developing the application and analytical skills [12,17].   

3.3. Comparing the mean scores of eight skills(difference between the level of skills developed)and relationship 
among skills 

The results (table 2) indicate that all the skills possess statistical significant correlation among each other. Among 
all the eight skills, it is AK which is highly correlated with DK, PS, GL and AT. The level of correlation between DK 
and PS is also good. All these indicate that the skills which are highly correlated can be used to develop other skills or 
denote the existence of both skills at the same time. Further, based on the correlation, the paired sample t-test (table 
2) was conducted. It indicates that among the eight skills developed by RBL, there are statistical significant differences 
between AK-DK; AK-PS; AK-AT; AK-GL; PS-AT; DK-CT; DK-PS. This reveals that there is a difference between 
the levels of these skills developed by RBL. It contributed most to the PS (know-how, analysis, application, decision 
making) and AK (satisfaction, awareness, self realization) which emerges by emphasizing on learning process and 
complete involvement of learners in the task. The findings also indicate that there is no statistical significant difference 
between DK-LC, which means that the level of these skills is same. 
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Table 1. Factor loadings of skills using exploratory factor analysis and descriptive analysis. 

Sr. No Items Item loading Mean SD CITC ACID 
 Problem solving (PS)  27.1 5.08   
1 I was confident about the quality of my research work .837 3.78 1.148 .516 .894 
2 I could apply the gained knowledge to develop solution for the 

problem identified 
.793 4.10 .863 .511 .894 

3 I am satisfied with the sharing of my research knowledge 
through T/D activities 

.766 4.00 1.088 .442 .895 

4 I  could apply the gained knowledge to develop research gap .646 3.98 .769 .582 .894 
5 I could apply the gained knowledge to develop the methodology 

for solution development 
.605 3.94 .843 .563 .894 

6 I am satisfied with my increased knowledge with the group 
discussion through T/D activities 

.493 3.42 1.197 .620 .892 

7 I could apply the gained knowledge to develop the topic/title of 
my thesis 

.433 3.88 1.003 .470 .895 

 Domain /Fundamental Knowledge (DK)  16.36 2.63   
8 Involvement in  T/D activities (discussion) increased my 

cognition ability 
.775 3.92 .900 .503 .894 

9 T/D activities like discussions lead to more knowledge 
acquisition 

.609 4.34 .593 .605 .894 

10 T/D activities increased my adaptation level by working in 
groups and teams 

.600 3.88 1.189 .426 .895 

11 T/D activities helped me to think critically .504 4.22 .815 .441 .895 
 Language and communication (LC)  15.74 3.16   
12 T/D  activities can be used to enhance English language skills .713 3.78 1.183 .357 .897 
13 Preparing and using presentations enhanced my learning .700 4.14 .948 .316 .897 
14 I am satisfied with development of English language skills 

through T/D activities 
.636 3.80 1.030 .533 .894 

15 Involvement in T/D activities such as presentations, group 
discussions, etc. enhanced my communication skills 

.624 4.02 1.078 .435 .895 

 General Learning (GL)  8.12 1.74   
16 T/D  activities should be used regularly in classroom teaching .784 4.10 1.165 .450 .895 
17 I gained knowledge from various research designs used in 

different studies 
.730 4.02 .845 .475 .895 

 Communication and information Technology  8.12 1.50   
18 T/D activities helped me to learn how to acquire data from 

website, NGO, consultancy, etc. 
.771 3.80 1.030 .327 .897 

19 Using proper figures and graphs helped me to learn better .656 4.32 .768 .487 .895 
 Academic Knowledge (AK)  16.06 2.68   
20 T/D activities are required to develop academic skills .768 4.24 .847 .420 .895 
21 T/D  activities developed awareness about the process of 

research and writing report in me 
.496 3.98 1.097 .562 .893 

22 T/D activities are important to enhance knowledge and skills .426 4.02 .915 .361 .896 
23 I am satisfied with my increased knowledge through T/D 

activities 
.418 3.82 .962 .459 .895 

 Attitude (AT)  7.66 2.0   
24 Working with a professor in the newer areas which may not be 

the preferred domain areas of professor is important 
.782 3.66 1.255 .367 .897 

25 I have more respect for fellow students/teachers/researchers 
after T/D activities 

.416 4.00 1.107 .626 .892 

 Ethics  8.42 1.53   
26 T/D  activities helped me to learn how to access data bases for 

research 
.814 4.06 .890 .532 .894 

27 Plagiarism check is important in T/D activities .621 4.36 .964 .330 .897 
KMO=.638, Cumulative Variance=71.47, Cronbach alpha=0.896. Extraction Method: Principal Component Analysis.  Rotation Method: Varimax 
with Kaiser Normalization.SD=Standard Deviation, CITC=Corrected Item-Total Correlation, ACID=Cronbach Alpha if Item deleted 
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 Table 2 Correlation and paired sample t-test analysis. 

Correlati
ons 

         Paired Sample t-test 

Skills D
K 

 P
S 

L
C 

C
T 

A
K 

G
L 

A
T 

E
T 

Skills Mean SD T df 

DK 1  .
44** 

.4
2** 

.4
2** 

.5
1** 

.3
9** 

.3
9** 

.3
2* 

 AK - 
DK 

-.30** 2.64 -.802 49 

PS   1 .3
4* 

.3
1* 

.5
0** 

.3
3* 

.4
8** 

.3
1* 

AK - 
PS 

-
11.04** 

4.43 -
17.61 

49 

LC    1 .3
8** 

.2
5 

.1
8 

.2
8 

.2
2 

AK - 
AT 

8.40** 2.24 26.50 49 

CT     1 .2
7 

.2
8* 

.2
3 

.2
9* 

AK - 
GL 

7.94** 2.34 23.97 49 

AK      1 .5
1** 

.5
8** 

.4
1** 

PS - 
AT 

19.44
** 

4.47 30.70 49 

GL       1 .4
6** 

.3
5* 

DK - 
LC 

.62 3.15 1.39 49 

AT        1 .3
3* 

DK - 
CT 

8.24** 2.42 23.98 49 

ET         1 DK - 
PS 

-
10.74** 

4.57 -
16.58 

49 

**. Correlation is significant at the 0.01 level (2-tailed).*. Correlation is significant at the 0.05 level 
(2-tailed). DK: Domain knowledge, PS: Problem solving, LC: Language and communication, CT: 
Communication and information technology, AK: Academic knowledge, GL: General learning, AT: 
Attitude, ET: Ethics, df: degree of freedom 

 
The literature on Indian engineers indicate that the current engineers lack in problem solving and communication 

skills and are good at domain knowledge [8] and the findings of the present study revealed that RBL contributes more 
to problem solving and academic knowledge than domain knowledge. Consequently, the RBL can help learners in 
learning process and developing abilities of application, analysis and synthesis. Though the participants in the study 
showed positive response towards RBL, also opined that the courses based on RBL method need to have more practice 
based engagements, lab work, independence related to the work. Thus, on the basis of the findings and literature, the 
present study suggests the incorporation of RBL into courses in engineering education along with labs such as LF to 
have maximum output. The LF is a paradigm shift to industry partnered, interdisciplinary, real world problem solving 
in engineering education [19].The LF in an academic environment are to offer a practice-based engineering curriculum, 
which balances analytical and theoretical knowledge as well as hands-on experience. A study proposed and 
recommended the integration of RBL using LF into teaching/learning of engineering courses such as energy efficiency 
in production engineering to improve the engineering problems significantly [6]. 

4. Conclusions 

Based on the empirical study of Indian engineering graduates, it is found that RBL contributes to the development 
of problem solving, domain knowledge, language and communication, communication & information technology, 
general learning, academic knowledge, attitude, ethics skills. The study also found that RBL improves problem solving 
more than other skills. Therefore, RBL is a best fit for Indian engineering education as Indian engineers lack the 
problem solving skills. The study proposes the necessity of incorporation of RBL using labs such as learning factory 
for re-engineering the engineering education to meet the increasing revolutions in industrial era and promote the 
required skills of engineering graduate. However, the present study is quantitative in nature, a qualitative study 
including the instructors along with the students is proposed to have a wider view and work and to strengthen the 
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current method of thesis/dissertation at the case organization. The study also proposes to study the RBL using LF for 
skill development.  
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