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Abstract: Team-based learning (TBL) was implemented and adapted to a course in basic 
chemistry. As a part of the adaptation, information processing, a concept from cognitive 
science was implemented in additional lectures (called information processing 
lectures), which would normally not be included as a part of the TBL structure. The data 
show that the students on the lower end of the grading scale benefits from the TBL 
activities, with a lesser impact on the students on the higher end of the scale. Results 
from student surveys and the teacher’s in-class observations indicate that the students 
find TBL teaching beneficial, and that the information processing lectures helps to clarify 
the more challenging concepts in the course and to avoid misconceptions that can be 
carried over in higher level courses. 
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1 Introduction 

1.1 Information processing in chemistry 

Basic chemistry can be challenging for students without prior exposure to the subject. 
Misunderstanding key concepts is common, making it crucial to adopt effective teaching 
strategies. Johnstone (Johnstone, 2010) have developed a systematic framework for 
chemistry education based on an ‘information processing’  model from cognitive science 
(Atkinson & Shiffrin, 1968). This model includes three components: the perception filter 
(attention), working memory, and long-term memory. Since the working memory has 
limited capacity, it can be expanded using ‘chunking’ (Johnstone, 2010) , where smaller 
units are grouped to aid comprehension.  Johnstone further introduced a working model 
of  the three components of the ‘nature of chemistry’, described as macro 
(observations), submicro (atoms, molecules, ions), and representations (symbols, 
formulas, equations) - visualized as a triangle (Johnstone, 2010), which is presented in 
Figure 1. Effective teaching in chemistry classes requires careful movement between 
these components to avoid overloading the working memory, and to avoid moving too 
quickly to the middle.  

 

Figure 1. Johnstone’s triangle with the three components of the ‘nature of chemistry’ (Johnstone, 2010). 
 

1.2 Team-based learning in chemistry 

Multiple studies have shown that active learning increases student performance in 
science, technology, engineering, and mathematics (STEM) diciplines (Freeman et al. 
2014). Recently, studies on the impact of active learning in university courses in 
chemistry have been performed (Eichler 2022, Kovac 2022, Lehki & Varao-Sousa 2023). 
Team-based learning (Sibley et al. 2014) is a type of active learning that is known to 
enhance student engagement. In TBL students are stimulated and encouraged to 
participate in activities by introducing smaller teams in a large class (Sibley et al. 2014). 
The well-structured and systematic approach to student activities in TBL ensure that 
students are held accountable for their own learning. However, in its original form it 
involves a totally flipped classroom with no organized lecturing, which can be a challenge 
for students that are novices in chemistry. 
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the working space reaches a maximum about the age of 16 and
remains fixed thereafter. It seems that it cannot expand beyond
that limit, but that we can learn to use it more efficiently in topics
that interest us, and in which we have some expertise, while still
being limited in less interesting areas.

An experiment (9) conducted with children up to the age of
13 shows the close relationship between working memory space
and the ability to sustain a chain of reasoning containing
multiple steps of the “if-so-therefore” kind. Figure 4 shows a
connection between expanding working memory space and
increasing number of steps in the reasoning chains with age.
Piaget fits well into an information processing model.

The points on these two roughly parallel lines are average
values for a sample of 50 children and show reasoning chain
length about two steps less than expanding working space
capacity. This difference is attributed to the space needed for
holding and processing.

Before we leave this model, I must point out some potential
misunderstandings that the reader might have. I have frequently
seen, in papers, a misquotation of the work of Miller (10) and
claims being made that the working memory space can hold
seven plus or minus two pieces of information. This is only true if
no processing is required. Remember, working memory space is
shared between holding and processing. Such a situation would
exist only when someone was asked to memorize a string of
numbers and then regurgitate themwithout any processing being
applied to them. However, if the subject was asked to hold a
string of numbers and then give them back in reverse order, the
apparent capacity measurement would be less than seven plus or
minus two. To work at the limit of our capacity is usually
uncomfortable, and we tend to work well below our potential.
The more usual experimental values are nearer five plus or
minus two.

Having now set up this model and shown that it embraces
a variety of psychological stances, I will illustrate how it might help
us to rationalize the problems students have with learning chemistry
and indicate ways to remove the learning obstacles. No one model
can encapsulate the complexity of human learning, but this one has
proved to be useful in planning and interpreting the results of our
research. It is basically a cognitive model that acknowledges the
importance of the affective factors in learning.

Problems and Solutions

The list of topics that I have set out in Figure 1 became a
starting point for a clutch of parallel research projects (3).
I allocated each topic to a researcher with the intention of
looking for underlying causes and common factors for student
incomprehension. In every case, the common factor that
emerged was this: the quantity of information that needs to be
manipulated as an individual learns and uses each of these topics
was much larger than was at first anticipated. At this time we
had not yet begun to have a model in mind, but these results
drove us toward the model I have discussed above, illustrated
in Figure 3.

Even the “simplest”mole calculations requiremore than five
manipulation steps for a novice.Whenwe used to do “normality”
calculations, the problem could be reduced to a simple algorithm,
V1N1 = V2N2 and could be easily solved, but by introducing
molar calculations in the post-1960 curricula the complexity
increased, leaving many students intellectually stranded. There
were similar problems with ion-electron equations adding the
complexity of symbol, state, charge, balance, product, and
“spectator ions”. Small things, but they are not small to a
beginner!

One major source of overload of working memory lay in the
very nature of chemistry itself. Figure 5 shows a triangle I have
used to represent the three ways we look at chemical phenomena
(11). I borrowed this diagram from geologists who use such
diagrams to represent the proportions of components in a family
of minerals. Pure silica would be at one corner, alumina at
another, and magnesia at the third. Any aluminum silicate would
be represented along the side between the two components and
the same would apply for any magnesium silicate. However, the
composition of an aluminum magnesium silicate would be
represented by a point within the triangle depending upon the
contribution of each component.

Figure 5 has three components;macro and tangible;
molecular and invisible; symbolic and mathematical;the three
ways we look at or represent chemistry and its chemical changes.
There is no hierarchy implied in this model, and any additions to
it are superfluous and complicating. Let us keep things simple or
the model will not be used.

In a chemistry lesson, a teacher may flit from corner to
corner of the triangle. Holding up a test tube of a blue solution
the teacher may say, “I have here an aqueous solution of a copper
salt. The blue is due to the hydration of the copper ions, written
as Cu2þ(aq).” In the same breath the teacher has touched all

Figure 4. Comparison of children's workingmemory spans (capacity to
store information temporarily andprocess it) and reasoning chain lengths
(capacity to reason through multiple steps).

Figure 5. Three aspects of representation in the physical sciences.

Chemistry for Everyone
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1.3 Combining information processing with team-based learning 

When introducing TBL in a basic chemistry class, one should not forget the limited 
capacity of the working memory (Johnstone, 2010). The students can very quickly get the 
feeling of being overloaded with abstract chemical concepts and find it difficult to 
connect these concepts (submicro) to macroscopic observations using the language of 
chemistry (symbols, formulas, equations). However, TBL is very suitable for identifying 
these challenges, since the activities allow the teacher to get a good overview of potential 
misconceptions and concepts that the students find challenging, but time should be 
allocated to lectures where the challenges can be addressed. This paper describes how 
TBL has been combined with information processing in a course in basic chemistry, 
where student activities are combined with specially designed lectures (called 
information processing lectures).  

 

2 Implementing team-based learning in chemistry 

2.1 The team-based learning part 

TBL was implemented in a basic chemistry course at University of Bergen, attended 
mainly by students in biology and earth science, and with a total student number of 
approximately 200 in total. A lab course with 4 exercises with written lab reports is a 
mandatory part of the course but will not be included as a part of this study. Traditionally 
a course like this would include 4 x 45 minutes of lectures, together with colloquiums 
(passive problem solving) lead by student assistants. To facilitate TBL the students were 
divided into 30 teams, with 6-7 students in each. The students cannot choose their own 
team and are also member of the same team throughout the course. For pre-class 
activities the students had access to video lectures and recommended reading in the 
textbook. The curriculum was divided into 8 modules, each with a duration of two weeks. 
Each module starts with an in-class introduction-lecture (2 x 45 min, not mandatory), 
where the lecturer introduces the main topics, with a special focus on the right approach 
to information processing (see below). This is followed by mandatory (5 out of 8) 
Readiness Assurance tests (RATs), with an individual part (iRAT) and a team part (tRAT), 
according to the recommended TBL structure (Sibley et al. 2014). The scores on the RATs, 
the 5 best scores, weighted 40/60 with respect to iRAT/tRAT, contribute to 25 % of the 
total grade in the course. A written exam accounts for the remaining 75 %. The students 
are then invited to attend an in-class review-lecture (2 x 45 min, not mandatory) where 
the lecturer clarifies the more challenging concepts and misconceptions, selected from 
the data obtained in the RATs and from observations and discussions with students 
during these tests.  The module concludes with Application Activities (AAs) where the 
students work in teams to solve problems that focuses on a deeper understanding of the 
topic.  
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2.2 The lecture part  

In the in-class introduction lecture, the new chemical concepts are carefully presented. 
The lecturer starts with presenting a macroscopic observation, explain what is 
happening on the submicro level (atoms, molecules, ions) and which representations 
(symbols, formulas, equations) are used to express these observations. As an example, 
consider a combustion (macroscopic observation), where a hydrocarbon reacts with 
oxygen to form water and carbon dioxide. The structures of the substances involved are 
described (atoms with chemical bonds to form molecules and on the submicro level). 
The expression for the reaction with reactants and products can be written (equation as 
a representation). One can then introduce other examples and gradually move toward 
the center of Johnstone’s triangle (Figure 1) where all the different components are 
present, and one can also move more quickly between components. When clarifying the 
challenging concepts and misconceptions in the review-lecture, a similar approach is 
used, but now the lecturer can use the data and in-class observations from the RATs to 
optimize the paths taken in Johnstone’s triangle.  
 
2.3 Data collected 

All the scores form the RATS performed in 2023 and 2024 were collected, together with 
the scores from the written exam. In addition, student surveys were performed at the end 
of the course in 2023 and 2024. All data were collected anonymously. 

3 Results and Discussion 

3.1 Data from the readiness assurance tests 

As examplified in Figure 2, where data from two RATs executed in 2023 are presented, 
the students obtain a higher score on the tRAT compared to the iRAT. Data from the other 
RATs, executed in 2023 and 2024, show the same general trend. This is expected in a TBL 
setting where the students are given the opportunity to discuss within the team during 
the tRAT (Sibley et al. 2014).  

 
Figure 2. Comparison of the obtained scores on two selected iRAT and tRAT activities. 

Appendix B2 
 

A brief analysis of Team Based Learning in a basic chemistry course 
 

John Georg Seland, Department of Chemistry, University of Bergen 
 
Team Based Learning (TBL) (refs) was established in KJEM109 - Basic Chemistry, which is 
an undergraduate course (BSc) targeted on students with minor previous experience with 
chemistry. It is mainly attended by students (approximately a total of 190) in biology 
(approximately 140) and earth science (approximately 50). The course was established in 2023, 
and has been attended by students in the spring semester of 2023 and 2024. 
 
TBL was implemented according to the following schedule: 

 
• Each module starts with a pre-recorded video lecture introducing the topic 
•  Ready Assurance Tests (RAT), individual (iRAT) and in teams (tRAT) (2 x 45 min) 
• Summary and follow up in a ‘traditional’ lecture (2 x 45 min) 
•  Application activities: solving problems in teams (2 x 45 min) 
• Summary and follow up in a ‘traditional’ lecture (2 x 45 min) 

 
Contrary to the recommended approach in TBL, one lecture was given every week, with the 
purpose on keeping a focus on learning basic concepts, which I find particular important in 
chemistry education. A total of 7 RAT’s are execured throughout the semester. Each RAT 
consist of 10 questions, and the score on each RAT is based on the combined score on the 
iRAT (40 %) and the tRAT (60 %). The final grade is based on the scores (5 best out of 7) on 
the RATs (30 %) and score on the final written exam (70 %).  
 
As examplified in Figure 1, where data from two RATs executed in 2023 are presented, the 
students obtain a higher score on the tRAT compared to the iRAT. Data from the other RATs, 
executed in 2023 and 2024, show the same general trend. This is expected in a TBL setting 
where the students are given the opportunity to discuss within the team during the tRAT. 
 

   
 
Figure 1: Scores on the iRAT and tRAT for two RATs executed in KJEM109 in 2023. Question 1 (left) and 
question 7 (right). 
 
 
The data presented in Figure 2 show how the scores from the RATs are impacting the final 
grade. In 2023 the impact was stronger on the students with the lowest final grades (C - F), 
while students with the highest grades (A - B) were less impacted. A similar trend is observed 
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Another interesting approach for analysing the RATs’ impact is to compare the score on 
the RATs with the total score for each student, sorted according to the student’s final 
grade in the course, as presented in Figure 3. All the students had a score on the RATs in 
the range 70 – 90 %. The students with final grades A – B (higher than 75 %) have similar 
and high values on the score for the RATs and final score, while students with lower 
grades have a larger gap between these two scores. Notably, the score on RATs is 
correlated with the final grade, i. e. the students with the lowest final grade also obtained 
a lower score on the RATs. This trend is particularly clear in the data from 2024.  

 

 
Figure 3. Comparisons of the total score (RAT and final exam) and the score on the RATs for each student, 
sorted according to the final grade obtained in the course in 2023 (left) and 2024 (right). Total score and 
final grade: A: 100 - 90 %, B: 89 – 75 %, C: 74 – 60 %, D: 59 – 50 %, E: 49 – 40 %, F: less than 40 %. 

 
The scores from the RATs have a significant impact on the final grades obtained in the 
course, particularly for the students with a low score on the written exam, where some 
of them would have failed the course if the scores from the RATs were not included.  
 
These findings are similar to data obtained in other studies (Freeman et al. 2014, Lehki & 
Varao-Sousa 2023).  
 
3.2 The teacher’s observations and feedback from the students 

Student surveys performed in 2023 and 2024 reveal that a majority of the students (70 
%) prefer TBL teaching compared to traditional lectures, and that they experience high 
learning outcomes from TBL classes (RATs and AAs). This is contrary to the more 
common findings is such studies, where most students prefer, and also experience that 
they learn more, from traditional lecturing (Sibley et al. 2014, Freeman et al. 2014). The 
teacher finds it very beneficial to use the TBL classes to identify the concepts  that the 
students find the most challenging, and to clarify these concepts and potential 
misconceptions in the information processing lectures.  
 

4 Conclusion 

This paper has presented data and observations from an implementation of team-
based learning combined with specially designed information processing lectures in a 

in 2024, but the impact from the RATs is less compared to 2023, in particular on the middle 
grades (C - D).  
 

   
 
Figure 2: Comparisons of final grade (based on summary of scores on RATs and written exam) and the grade 
the student would have obtained based solely on the written exam in 2023 (left) and 2024 (right).  
 
Another interesting approach for analysing the RATs’ impact is to compare the score on the 
RATs with the total score for each student, sorted according to the student’s final grade, as 
presented in Figure 3. All the students had a score on the RATs in the range 70 – 90 %. The 
students with final grades A – B (higher than 75 %) have similar and high values on the score 
for the RATs and final score, while students with lower grades have a larger gap between these 
two scores. Notably, the score on RATs is correlated with the final grade, i. e. the students with 
the lowest final grade also obtained a lower score on the RATs. This trend is particularly clear 
in the data from 2024.   
 

     
 
Figure 3: Comparisons of the total score and the score on the RATs for each student, sorted according to the 
final grade obtained in the course in 2023 (left) and 2024 (right). Total score and final grade: A: 100 - 90 %, B: 
89 – 75 %, C: 74 – 60 %, D: 59 – 50 %, E: 49 – 40 %, F: less than 40 %.  
 
The data presented in Figure 1 show that all students obtained a significantly higher score on 
the tRAT compared to the iRAT. As indicated by the data in Figure 3, and by inspecting the 
data from the RATs in more detailed (not presented here), students with the lowest scores on 
the iRATs have a low score on the written exam. The RATs have a significant impact on the 
final grades obtained in the course, particularly for the students with a low score on the written 
exam, where some of them would have failed the course based on the written exam (Figure 2). 
Inspection of the scores on the individual questions on the written exam show that many 
students lack some of the basic chmistry knowledge. However, due to the scores on the RATS, 
they still pass the course. One could ask the question: Do the ‘weakest’ students have a higher 
learning outcome due to the TBL, or are they solely benefiting from the score they obtain on 
the tRAT, which results in an improved, and in some instances a passing grade on the course? 
There is no clear answer to this question after only two years of data, but this will be 
contineously evaluated as more data is collected.   
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course in basic chemistry. The data shows that more students pass the course when 
the scores from RATs are included in the grading. The students with a high score on the 
written exam in not strongly influenced by the results obtained in the RATs. One can 
therefore conclude that TBL activities is beneficial to the students that are located on 
the lower end of the grading scale. Results from student surveys and the teacher’s in-
class observations indicate that the students find TBL teaching beneficial, and that the 
information processing lectures helps to clarify the more challenging concepts in the 
course and to avoid misconceptions that can be carried over in higher level courses. 
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