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ABSTRACT
Team-based learning (TBL) is a pedagogical strategy similar to the flipped classroom model which promotes the benefits of small-group teaching in a large group setting, thereby enhancing students’ engagement by increasing their accountability within peer group, and encouraging peer-to-peer learning. Although initially developed for a business school environment, TBL has recently been increasingly used within medical education. Reports on its implementation in engineering and science education are much scarcer. The aim of this work is to discuss the experience and impact of implementation of the TBL in a large group setting within year-one engineering module in Engineering Department at Lancaster. 
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1     INTRODUCTION
In recent years, both Europe and USA experience an increase number of students in engineering fields. At the institutional level, this is usually not accompanied by the increases in teaching resources, thus challenging student-teacher relationships as well as the way of teaching and learning, resulting in teaching engineering subjects by presenting a large amount of information to large numbers of students, which in turn promotes passive learning. Pedagogical strategies to overcome passive learning and enhance student engagement include collaborative learning [1],[2], problem-based learning [3] and enquiry based learning [4]. 
Evidence suggests that problem-based learning (PBL) is the most widely used alternative strategy offering various benefits such as increased retention of information, an integrated knowledge base, the development of lifelong learning skills, an exposure to real-life experience at an earlier stage in the curriculum, increased student-faculty interactions, and an increase in overall motivation [5]. However, the effective implementation of the PBL in large classes, such as first-year introductory modules with typically more than one hundred students, is challenging because one tutor supervises only one group of six to ten students. 
In recent years, team-based learning (TBL) has emerged as a pedagogical strategy which promotes the benefits of small-group teaching in a large group setting, thereby enhancing students’ engagement by increasing their accountability within their peer group, and encouraging peer-to-peer learning [6]. On the contrary to the traditional approach of teaching engineering subjects by presenting a large amount of information to large number of students, TBL focuses on student learning using course concepts to solve problems. TBL was originally developed for a business school environment has since been progressively used within medical and pharmaceutical education. 
Despite its potential, reports on its implementation in engineering education are very scarce. Increased in-class discussion, peer-learning and attendance, as well as improved course effectiveness and students’ perception based on student evaluation was evidenced for the mechanical design elements module [7], [8]. Also, report from Monash University [9] showed that carefully engineered team-based learning was used to develop team work, collaboration, lateral thinking and problem solving as well as, the often necessary, conflict resolution. Two recent studies [10], [11] demonstrated a clear advantage of team-based learning in engineering course over informal active learning strategy. Furthermore, discussion of the experience, evaluation and lessons learned from the implementation of the TBL within module on Fundamentals of Process Engineering was discussed lately. 
Team-based learning consists of four essential practices [6]: 1) permanent teams (5-7 members), 2) Readiness Assurance Process, 3) In-class activities and assignments, and, 4) peer assessment and feedback system.
A typical module is organized into few major units and for each of them the sequence of activities is implemented as shown in Fig.1. In the first phase, students are given pre-class individual assignments (e.g. readings) and lectures that are designed to familiarize students with the key concepts. Based on this preparation, in phase 2 students are expected to perform an Individual Readiness Assurance Test. After, students re-take the exact same Readiness Assurance Test as a team by coming to consensus on their answers. The final step is Phase 3 which includes a mini-lecture with explanations about key aspects and team application assignments designed for students to use course content to solve problems in teams. In addition, peer assessment is essential elements of TBL aiming to avoid potential “free-riders”, enhance ability to work together effectively and motivate students to help each other.
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Fig. 1. TBL – Implementation phases

Permanent teams
In TBL, one instructor simultaneously facilitates many small teams, typically 20 or more. Teams need to be large enough (typically 5 – 7 members) in order to guarantee sufficient intellectual resources to solve complex problems. It is important that instructor creates teams to get balanced and diverse teams with wide range of skills. Due to the fact that team cohesion is enhanced by time, it is essential to have permanent groups which can become high-performance learning teams.
Readiness assurance process
Readiness assurance process (RAP) is designed to motivate students and guarantee their preparation for the application problems. RAP consists of an individual and team readiness assurance tests (iRAT and tRAT). These tests are usually a multiple choice questions testing students’ understanding of the main concepts, addressing the lower Bloom’s levels of learning (knowledge, comprehension and application). iRAT might be organised as online out-of-class quiz. After, students re-take the exact same test as a team (tRAT) by coming to consensus on their answers, which assures mutual transfer of knowledge between teammates and motivation through competition with other teams.
In class application assignments
Application assignments are designed for students to put course content to use by working in teams on progressively more difficult questions, addressing higher Bloom’s levels of learning (abilities to analyse, evaluate and create) according to the so-called ‘4S’ strategy created by Michaelsen et al. [6]: 
[bookmark: _GoBack]1) Significant problem – The application exercise should be meaningful and complex enough to motivate student to generate fruitful discussions within teams.     
2) Same problem – All teams should work on the exact same problem which allows teams to compare their answers with answers of other teams.    
3) Specific choice – Specific answer simulates a read world situation in professional environment.     
4) Simultaneous reporting – Teams should report their answers simultaneously in order to encourage accountability and prevent answer drift.
 Peer assessment  
Peer assessment aims to hold team members accountable to their teams and to lessen the likelihood of social loafing. This is an essential element of TBL aiming to avoid potential “free-riders” which is typical for group work and enhance motivation and ability to work together effectively. Thus, the team score is adjusted for each member of a team by peer evaluation.  

Implementation and data collection 
Implementation  
Process Engineering Fundamentals is a first-year module compulsory for all engineering student (courses: chemical, nuclear, mechanical and electrical and electronics engineering), delivered at Lancaster, enrolling approximately 152 students in 2017. It an eight credit module comprising two 50-minute lectures each week in an amphitheatre and one two-hour practical session in computer room (for ten weeks). During 2016/17, students were divided into 24 teams of 6-7 members. The module was divided in three units: 1) process variables; 2) mass balances for processes without and with chemical reactions; and 3) single and multiple phase systems. The sequence of activities shown in Fig. 1 was followed for each unit. One or two traditional lectures were delivered to explain the main concepts and students were directed to individual study using previously prepared reading material which was accessible via Moodle. Next, students were asked to do online out-of-class multiple choice individual readiness assurance test in order to guarantee their preparation and understanding of main concepts. Subsequent in-class session was dedicated to Team Readiness Assurance Test which is the same test as iRAT with different numbers for students to solve within teams sharing knowledge. The resolution of test was divulgated immediately after and “mini-lecture” was given to emphasize the most difficult points. During the following sessions of the same unit, student teams were working on progressively more demanding application tasks. Thus, the same problem is distributed to all teams and responses from them are received simultaneously using active (real-time) quiz activities set in Moodle. 
Assessment was performed according to following distribution: 
- Exam 60%; 
- Average of three iRATs 20%;
- Average of three tRATs 10%;
- Average of in-class application exercises 10%.
Both scores for team activities (tRAT and application exercises) were adjusted for each member of a team according to peer assessment using the so-called Fink method [6].
Data collection  
Total of 107 students (48.6%) responded to the anonymous questionnaire comprising nine statements shown in Table 1 with Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). In addition, two open-ended questions on positive and negative aspects of their experiences were included. 
Table 1.	Statements on the questionnaire.
	
	Statement

	S1
	The pre-session reading was useful in preparing for team activities.

	S2
	I found individual readiness assurance tests (iRAT) useful to prepare for application exercises.

	S3
	I found team readiness assurance tests (tRAT) useful to prepare for application exercises.

	S4
	Application exercises allowed me to apply concepts learned in pre-session readings and RAT process.

	S5
	I learn better engineering subjects from TBL than from traditional lectures.

	S6
	I would prefer traditional lecturing for Process Engineering Fundamentals module

	S7
	Team work as a method of learning is an effective method to acquire knowledge.

	S8
	The team discussions allowed me to correct my mistakes and improve understanding of concepts.

	S9
	I enhanced my learning due to interactions with my teammates.


Results and discussion
Nine statements were divided into three categories: i) Readiness assurance process (statements S1 to S4); ii) Perception of TBL vs. traditional teaching (statements S5 and S6); and, iii) Perception of significance of team work (statements S7, S8 and S9). The obtained results for each category are presented in Figures 2, 3 and 4. It can be observed that the students’ attitudes were reasonably good.
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Fig. 2. Response to the statements in the readiness assurance process category.
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Fig. 3. Response to the statements in the perception of TBL vs. traditional teaching category.
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Fig. 4. Response to the statements in the perception of significance of team work category.
The comparison of the average scores for the statements in the readiness assurance process category (Fig. 2) comprising four elements (pre-session readings, iRATs, tRATs and application exercises suggests that high percentage of the students agreed or strongly agreed that these activities allowed them to prepare and apply acquired concepts, ranging from 63%  for S1 to 89% for S4. It also seems that the pre-session readings were the least useful activities compared to iRATs, tRATs and application exercises. The scores on the perception of TBL vs. traditional teaching category (Fig. 3) suggest that almost half of students agree or strongly agree that their preferred lecturing style is team-based learning for an engineering module and for Process Engineering Fundamentals. However, it should be noted that high percentage of students exhibited a neutral statement – 37% and 31% for statements S5 and S6, respectively. Agree and strongly agree statements dominated in the perception of significance of team work category, demonstrating students’ awareness that team work is important for their professional development. Furthermore, 86% of students agree or strongly agree the team discussions allowed them to correct mistakes and improve understanding of concepts while 80% agree or strongly agree that their learning was enhanced due to interactions with teammates. Interestingly, comparison of three categories shows that students are very positive in respect to all TBL activities and their learning is enhanced but they are somewhat hesitant to prefer TBL format over traditional teaching – 23% would prefer traditional and while 31% are neutral. This might be due to the fact that students encountered TBL for the first time and it takes some time to adapt. 
Two open-ended questions on positive and negative aspects of students’ experience with TBL were analysed. One of the listed positive aspects mentioned numerous times is benefit of working in teams allowing knowledge sharing, such as: 
“I was able to identify where my working differed from others in my group, and therefore learn from my mistakes.” 
“When we reached different answers, the group could discuss their methods to identify problems and find the correct answer.”
“If you get something wrong your group can help you see where you went wrong.”
“I could observe other people’s thought process and understand what knowledge they had based to solve a certain problem.”        
Many students mentioned that their engagement was enhanced due to the TBL. Some comments include:
“It was very engaging and it kept everyone on their toes.” 
“Made you attend more because it would make you feel guilty having not.” 
“More engaging than the standard lectures.”
“It’s a change of teaching style, it keeps us more interested for longer.” 
“It made the lectures a huge amount more enjoyable, so I actually wanted to come to the lectures, rather than just feel I ought to. It was also very useful for cementing the information we had learnt.”
It is also apparent that students enjoyed all elements of the readiness assurance process, stating that answering multiple questions on each topic is helpful to consolidate what is learnt in lectures.   
The most listed negative aspects were about choosing the team, peer assessment and engagement of teammates. Some students stated that they were against the teams created by instructor as they found difficult and intimidating to work with new people. Many concerns were raised about peer assessment. Students showed a lot of doubts about objectivity of peer assessment: 
“Grade is dependent on our groups and can be changed solely on if someone likes you or not.”
“Our grades are affected by other people’s opinions of us. If you’re weaker at Chemistry then your grades will be affected which I feel is unfair.” 
“I feel that peer assessment becomes a personality test and it is how other people view you as a person.” 
“Bit worried about other people mocking me.” 
Many students pointed out the problems associated with participation: sometimes members of the team didn’t turn up, putting team at disadvantage, some people were less involved in the group discussion or were not focused.
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