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Abstract 
This paper describes how to apply an Experiential Learning Activity (ELA) to show the basis of 
statistics concepts applied in quality control in the industry. The activity simulates a real application of 
a packaging line in a randomly selected production period. The activity allows the students to share an 
experience to build on top further superior leanings. This paper develops the experience with the 
instructions to guarantee its application and efficacy in the class session and describes the first 
results. Results indicate that students were significantly more familiar with the concepts using ELA 
than with a traditional lecture. 
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1 INTRODUCTION 
When planning, teachers have several aspects in mind. On the one hand, there are the aspects 
determined by the conditions of the curricula, that is, contents and competences that must be worked 
out. On the other hand, we find other aspects more related to the development of the course, such as 
the participation and motivation of the students or, the capacity of the proposed activities to get the 
students to achieve the objectives. 

This article presents an Experiential Learning Activity (ELA) to illustrate the fundamental concepts of 
quality control. The primary objective of this experience is to expose students to a series of statistical 
aspects of great application for the process management in the industry. More specifically the 
concepts of mean, standard deviation, variability, number of defects or process capability. The 
experience serves as an initiator to explore more complex quality concepts that can be applied in the 
industrial field. 

2 OBJECTIVES 
According to LaForge and Busing [1], all experiential learning activities follow a series of steps that go 
from the planning phase, through the phases of introduction and execution of the activity, to end in a 
debriefing or feedback. 

This article aims to develop an experiential learning activity outlining all the phases of the experience.  

The planning phase is crucial to the success of the activity. It includes the establishment of objectives 
and determination of the bases, rules and resources necessary to develop the activity. It determines 
how to manage the experiential part of activity and the final phase of discussion and feedback. 

The complications that the teacher faces when designing an ELA have to do with the ability to design 
an activity that, without the complexity of the productive reality, is able to reflect in a relevant way the 
important aspects of the course [2]. The activity should allow students to cope with situations that 
require decision making during the process. Additionally, we seek a reflection process that must take 
place at the end of the experience on those aspects that have emerged during the activity [3, 4]. In this 
line, through critical reflection, students will achieve a greater significance in the learning.  

In short, this activity aims to go beyond the mere knowledge of some basic concepts of quality control 
and data analysis linking statistics concepts with situations of the industrial productive world. 

On the other hand, one of the most complicated aspects in the teaching tasks has to do with the 
motivation of the student or, at least, how to avoid the demotivation of the student. To maintain 
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students interest, teachers use different strategies that normally involve the student more actively in 
the sessions. Experiential learning activities have demonstrated their ability and effectiveness in 
dynamizing classroom work [5], even at different educational levels [6]. The experiential learning 
activity presented in this article intends also to maintain interest and participation of the student in the 
classroom session and simultaneously work on some transversal skills that are of great importance for 
the development of the future graduates. 

3 DEVELOPMENT OF INNOVATION. 
The first phase of development is planning. In order to plan, we must clearly state what the learning 
objectives will be. In a typical quality control course, we can find objectives such as: identify, know, 
represent and describe distributions of random variables, both discrete and continuous, determining 
their parameters of position, dispersion and form; Make inferences about the distribution population 
and apply them to quality control; etc. 

A key aspect when planning is to establish the connection between the learning objectives of the 
subject and the activity. This connection is what will allow the students to perceive the activity to be 
useful, rather than a waste of time. 

This activity is linked to the aforementioned objectives: calculate basic concepts of statistics, such as, 
average or standard deviation, recognize their application to real situations, understand the 
importance of the variability concept and its consequences, and analyze the capability of industrial 
processes. It simulates an industrial process of packaging in bags. The students are divided into small 
groups of 3 to 5 students. First, we deliver the instructions in a brief introduction. Each group, with the 
materials and resources, should fill plastic bags with the proper amount of beans. After a few minutes 
of production, the production stops and begins the reflection and discussion time. To stimulate 
discussion instructors might use questions about the aspects that have occurred during the 
experience. Finally, the facilitator recapitulates what has happened. This will help students to 
understand the statistical concepts involved in a typical industrial activity, the use that can be made of 
the data and analysis performed, and the possible ways to improve the results. The activity might take 
from 50 to 60 minutes depending on the level of discussion. 

3.1 Introduction 
When preparing any class activity it is important to think how can we create some curiosity in the 
students. Prior to the session, the facilitator should have prepared the classroom with groups of tables 
and all the materials that each group will use. When students enter in the classroom, the room 
arrangement and the materials on the table will make them wonder what is going to happen. 
According to the number of students, the instructor will select an specific group size. Students will be 
divided into the pre-specified groups when entering into the classroom. Groups need to be guided to 
their tables quickly so they can focus on the activity. Once the students are divided into groups and 
placed at their tables the instructor must establish the exercise rules. 

3.2 Development 
Each group will have a box with white beans where selectively some black beans have been placed. A 
plastic cup with a mark on the perimeter is used as a volumetric measure for the amount of beans that 
have to be filling in each bag. Groups will be provided also with an electronic scale, a pen and a data 
sheet. 

Once the instructor has distributed to the teams at the tables, the following instructions are given: 

Your team has 10 minutes to produce at least 50 bean bags. Bags should have the proper amount of 
beans which is determined by the volume line in the plastic cup. To be successful, your team has to 
pack as much bags as possible and the bags must have similar weight. The team with the lower 
deviation in the weight and the larger amount of bags will be the winner . . . Good Luck!!! 

Then, the experiential phase begins. Each team has 10 minutes to produce bean bags using a 
volumetric meter (a plastic cup). Teams should not have problems to reach at least 50 bags. Each 
group should fill the plastic cup to the mark to get the amount of beans that should go in each bag. 
Each measured bag will be weighed on a scale and the exact weight will be written down on the data 
sheet on each table. To put a little pressure, similar to what can be in the industrial world, we will also 
measure the productivity of the team. Each minute, students will record the number of bags produced 
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at that moment. This will allow us to enrich the debate generated by confronting the concepts of 
productivity and quality. Moreover, two of the teams will receive a plastic cup with a slightly different 
volume mark. One slightly below the rest and the other one with the line slightly above. Therefore, the 
data averages of these teams will be respectively lower and higher than the rest, and further debate 
would be generated around this issue. 

3.3 Discussion and debate 
At the end of the established time, students are informed that the time is up and they are asked to 
immediately stop producing more bags. At this point, the data analysis and feedback phase of the 
experiment begins.  

For the analysis, students are encourage to use the computer and some sort of spread-sheet. First, 
students will calculate location and dispersion parameters: average, median, range and standard 
deviation on the weight of the bags manufactured. Students can also construct a histogram from the 
data that gives them a rough sense of the density of the underlying distribution of the data. In this first 
phase of the discussion, the instructor will collect in a spread-sheet team results on the main values 
and will encourage students to compare the results. 

Questions like: Why is the data we get different? What elements determine the distribution of data in 
the process? What is the best way to measure the quality of a production process? How can I change 
the average in the process? How can I reduce the variability of the process? can guide the debate 
towards some of the key aspects that instructor wants to work in the experience, such as, What 
causes variability? How to improve the process variability? How to improve the results of a process 
without improving variability? What is the relationship between variability and consumption of 
materials, losses or benefits in a process? 

In a regular process, bags are sold with a specific weight. Regulations prevent companies from selling 
a certain amount of bags below a specific percentage of the declared weight. Therefore, bags below 
the declared weight in a production line will be rejected. On the other side, weight excess in a bag is a 
waste from the company’s point of view. Over-weighted bags are giving the client more than expected. 
Companies will then be willing to repack over-weighted bags when the raw material excess in the bag 
is worth more than repacking it again.  

To simulate this situation, we introduce a lower limit for the weight of the bag. Then, we explain the 
students that bags must weigh at least x grams to be acceptable to our customer. The students have 
to calculate what percentage of bags would be out of the established weight and propose 
countermeasures for their reduction and/or elimination. Moreover, we provide them with basic cost of 
the elements involve: beans (€/kg), bags (€/bag) and labour (€/h).  Based on economic data of labour, 
the productivity obtained by each team, the cost of the bag, the working hours, ... students should 
calculate the annual cost of bags that do not reach the declared weight. Similarly, from the production 
costs (raw material, bag and labour) students will have to determine the minimum overweight which 
makes worth it to brake and repack a new bag. 

This phase of the analysis allows students to apply statistical tools to make decisions in industrial 
environments very close to reality. To stimulate discussion the instructor may ask questions such as: 
Why should there be a lower weight limit? If there was no such limit, What problems could we have 
with our customers? What impact does the variability have on the quality of the product? And on the 
cost? 

Finally, in the third part of the analysis, students have to look for black beans in the bags. Black beans 
represent defects. If there are more than 3 defects in a bag it is considered that the bag is defective. 
This section of the exercise allows us to differentiate the concept of defect and defective bag, to 
evaluate the approximate percentage of defects that we have in our product and to evaluate the 
percentage of defective bags that we will manufacture. Questions like: What is the difference between 
defect and defective bag? What is the implication of each of them from the customer’s point of view? 
How can you reduce the number of defects? How can you reduce the number of defective bags?, can 
stimulate debate and discussion about these aspects. 

After this experience, students should recognize how statistical concepts and tools facilitate decision-
making in industry, evaluate the quantitative and economic impact of process variability, or critically 
analyze what causes and possible solutions may be. 
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At the end of the feedback and discussion period, the instructor can begin a lecture in these concepts 
in a more structured way, allowing students to think in a deeper way about experience and reach 
higher levels of learning [7, 8]. 

4 RESULTS 
This article proposes the use of an experiential learning activity in the classroom. The success or 
failure of the activity should be evaluated in terms of the effectiveness. We evaluated the effectiveness 
by comparing the familiarity of the students with the concepts at the end of the session. The first group 
(pretest) was exposed to a regular lecture of the unit, while the second group (posttest) did the 
experience and where reinforced with a short lecture on the concepts. Questions in the tests where 
related to 4 learning objectives of the ELA and the unit. Each question was asked in the terms of “If 
given an exam today, you would get full credit on this question”. Responses where scaled on a 1 to 5 
Likert-type scale, where 1 corresponds to strongly disagree and 5 to strongly agree.  

Figures 1 to 4 show the percentage of responses in the pre and posttest groups for each of the 
objectives. These figures highlight that pretest results are skewed toward the left or strongly disagree, 
indicating the student is not familiar yet with the topic while posttest results are skewed toward the 
right. Therefore, the ELA activity has shift the results, indicating the student has built a high level of 
knowledge on the topic. 

 
Figure 1. Explain why there is variability in processes. What statistical concept is related to variability? 

 
Figure 2. Explain how variability can affect the quality of a product. 
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Figure 3. Explain when a process is capable. Over which elements should we work to make it capable? 

 
Figure 4. Explain the difference between defect and defective part 

However, we should evaluate if this shift is statistically significant. Table 1 presents sample sizes, 
means, standard deviations, and ANOVA tests for the pre and posttest questions. Results indicate that 
responses from posttest where significantly higher at p<0.001 than pretest for each one of the four 
questions. Therefore, ELA activity improved significantly the perception of the students familiarity with 
the concepts explained. Thus, the designed ELA provides a positive evidence of the learning impact. 

Table 1.  Anova results on pre and posttest groups. 

  Group 
Sample 

Size Mean SD F (sig.) 

Explain why there is variability in processes. What 
statistical concept is related to variability?  

PRE 123 2,764 1,426 129,8*** 
POST 96 4,604 0,774  

Explain how variability can affect the quality of a product. PRE 123 3,154 1,300 133,6*** 
POST 96 4,813 0,604  

Explain when a process is capable. Over which elements 
should we work to make it capable?.  

PRE 123 2,707 1,272 96,8*** 
POST 96 4,292 1,055  

Explain the difference between defect and defective part PRE 123 2,585 1,396 120,2*** 
POST 96 4,448 1,025  

NOTE: 5-point Likert-type scale: 1 = strongly disagree and 5 = strongly agree. ***p < .001. 
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5 CONCLUSIONS 
This article presents an experiential learning activity designed to teach quality control concepts. The 
activity aims to help within the teaching-learning process to achieve a more meaningful and related 
learning to activities in the industrial and engineering areas. This experience covers the fundamental 
aspects of the collection, calculation and presentation of statistical data as well as of the analysis and 
evaluation for the improvement in the decision making. This article demonstrates the possibilities of 
the experience to maintain student motivation while allowing students to visualize complex aspects of 
productive environments that would be difficult to cover through traditional teaching methodologies. 

AKNOWLEDGEMENTS  
This work is part of the study developed by the GAE (Experiential Learning Group) created as an 
EICE (Innovation and Quality Education Team) at the Polithecnic University of Valencia (UPV). The 
authors would like to thank the UPV for the support through the PIME 2017 “Adaptation and 
development of experiential learning activities related to the subject context”.  

REFERENCES  
[1] R. Laforge and M. Busing, “The use of industrial software to create experiential learning 

activities in operations management courses,” Prod. Oper., vol. 7, no. 3, pp. 325–334, 1998. 

[2] D. Halpern and M. Hakel, “Applying the science of learning to the university and beyond: 
Teaching for long-term retention and transfer,” Mag. High. Learn., 2003. 

[3] D. Kolb, “Experiential learning: Experience as the source of learning and development,” 2014. 

[4] J. Wheeler and P. McLeod, “Expanding our teaching effectiveness: Understanding our 
responses to ‘in-the-moment’ classroom events,” J. Manag. Educ., 2002. 

[5] M.-V. Peiro-Signes, Angel; Segarra-Ona, “Experiential learning as a dynamizer of class activity,” 
in Proceedings of ICERI 2015 Conference, 2015, pp. 1010–1013. 

[6] P. Peiro-Signes, A.; Alonso-Borso di Carminati, M. L.; Verdejo-Gimeno, “The experiential 
learning activity: benefits and difficulties in real learning environments.,” in Proceedings of 
ICERI 2015 Conference, 2015, pp. 1150–1150. 

[7] C. Meyers, “Teaching Students to Think Critically. A Guide for Faculty in All Disciplines. Jossey-
Bass Higher Education Series,” 1986. 

[8] G. Smith, “Beyond critical thinking and decision making: Teaching business students how to 
think,” J. Manag. Educ., 2003. 

 

8221




