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Introduction: Teaching immunology to first-year medical students is challenging due to the complexity of the immune system's interactions with pathogens and other organs systems. One solution is to integrate immunology with different topics. To address this challenge, we developed a modified team-based learning (TBL) session that incorporated collaborative concept mapping to assess students' understanding of core immunology and microbiology concepts in a course focused on foundational science concepts for a clinical practice course.

Methods: Three cohorts of first-year medical students (n = 375) participated in a collaborative concept mapping team-based learning activity (CCM-TBL) involving HIV and the opportunistic pathogen, P. jirovecii. The CCM-TBL was utilized in place of the application questions in a traditional TBL. A voluntary seven-question Likert-scale survey was offered to students to capture their perspective on the utility of the activity. Three open-ended questions captured opinions regarding whether the activity helped them identify strengths and weaknesses related to the concepts. The concept maps were evaluated to determine the depth of student team understanding and employed Fisher's Exact Test and Cohen's kappa. Qualitative evaluation of the student survey responses was conducted. Quantitative data were statistically analyzed using descriptive statistics, Kruskal-Wallis, Mann-Whitney, and Cronbach's alpha.

Results: Students successfully integrated multiple concepts, with a mode of 5 concepts per map. A survey of the perceptions of 130 students showed that most found CCM-TBL helped them identify weaknesses in immunology (76%) and microbiology (66.4%), and improved their understanding of immunology (76%), microbiology (70.6%), opportunistic infections (65.5%), and interactions between innate and adaptive immune responses (64.2%). However, only 57.8% endorsed concept maps as suitable for a TBL. After implementing feedback-based improvements, more students reported that the activity increased their understanding of immunology (p = 0.018) and microbiology (p = 0.032).

Discussion: CCM-TBL appears to help reinforce and integrate foundational immunology content for first-year medical students.
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1 Introduction

Our understanding of immunology in medicine has deepened due to the immune system's role in various diseases. Immunology has evolved into a unified framework for understanding disease mechanisms across multiple organ systems, highlighting the connections between disease processes. This evolution in understanding of the importance of the immune system has led to a broader comprehension of conditions like cancer, heart disease, rheumatological disorders, host-pathogen interactions, and the treatments targeting these diseases (Kuwabara et al., 2017; Yap et al., 2018; Zheng et al., 2020; Zhao et al., 2021). Understanding the integration of immunology with other systems and disciplines is critical but challenging for first-year undergraduate medical students (Lee and Malau-Aduli, 2013; Melnyk and Mikhnenko, 2020). Given the dynamic, interdisciplinary nature and redundant network of interactions necessary for normal system functioning and disease recognition, it is easy to understand why medical students find immunology one of the more challenging disciplines in their curricula (Siani et al., 2024). Thus, it is essential to employ learning modalities to help students visualize this complexity.

Complexity in medical education content leads to information overload and cognitive burden for students (Szulewski et al., 2021). Best practices for reducing cognitive burden require structured information sequencing, tracking learning progress, and incorporating feedback mechanisms to optimize comprehension and retention (Van Gog et al., 2005). Active learning exercises that combine structured learning strategies, visualization techniques, and cognitive scaffolding practices are beneficial. Indeed, exercises that enhance retention and application of immunology concepts and shift the teaching process from a teacher-centric to a learner-centric approach are of greater value (Freeman et al., 2014; Lombardi et al., 2021).

Several active learning modalities are employed in medical education. For instance, case-based learning (CBL), problem-based learning (PBL), and team-based learning (TBL) have all been recognized as active learning approaches that naturally integrate these practices (Alexander et al., 2024; James Trill et al., 2024; Kamal, 2024; Shang et al., 2025). TBL in particular is reported to potentially outperform other active learning techniques in long-term knowledge retention and foster higher student engagement due to structured peer discussions, readiness assurance tests, and application-based exercises (Slavin, 1996; Chytas et al., 2023; Alizadeh et al., 2024). While CBL and PBL encourage inquiry, TBL ensures deeper conceptual understanding and provides a guided approach to knowledge acquisition (Burgess et al., 2021; Roossien et al., 2022; Burgess and Matar, 2023). We chose a TBL application exercise to incorporate concept mapping for these reasons.

Concept maps are a powerful metacognitive tool that enhances learning by organizing and linking concepts in a visual representation and have proven beneficial in educating students, including medical students, about immunology (Sannathimmappa et al., 2022; Izci and Akkoc, 2024). Concept maps require students to activate prior knowledge and cognitive processes (Novak and Cañas, 2006). These maps are traditionally created using concepts enclosed with linkers connecting them, and a phrase indicating the relationship between the concepts (Novak and Cañas, 2006). Generally, concepts should be arranged hierarchically, with more inclusive concepts toward the top (Novak and Cañas, 2006). However, concept maps have evolved to include a variety of designs that move beyond simple hierarchical organization. More recently, concept maps have incorporated images or web links and are generated through collaboration with other learners (Eachempati et al., 2020), thereby enhancing map quality (Kwon and Cifuentes, 2009). This creative flexibility enables the map to approximate how a learner visualizes information more closely. Crucial to the efficacy of this visualization is the proximal delivery of structured educator feedback to the mapping activity. In an evaluation involving physiotherapy students, Joseph et al. demonstrated that formative feedback led to a more profound understanding of the material, as determined by applying Kinchin's classification (Kinchin et al., 2000; Joseph et al., 2017). This work supports the use of concept mapping as both a diagnostic tool and a method for addressing misconceptions and deepening knowledge frameworks. The use of structured feedback also complements the collaborative nature of TBL among peers, students, and their instructors.

Concept mapping aligns with generative learning theory (GLT) and, when paired with Team-Based Learning (TBL), follows social constructivist theory, where knowledge is constructed through social interactions (Alt and Naamati-Schneider, 2021; Dong et al., 2021; Oluwatosin et al., 2022). Indeed, mapping has been used successfully to reinforce intellection in a modified collaborative concept mapping (CCM)/TBL format (Knollmann-Ritschel and Durning, 2015). Employed in the final phase of TBL as a team application exercise, concept mapping encourages collaborative construction of knowledge within stable teams, allows for immediate peer discussion and feedback to reinforce retention, and helps teams synthesize information from pre-class preparation and in-class discussions into a meaningful visual conceptual framework.

This activity aimed to develop a TBL session incorporating CCM to assess students' understanding of core immunology concepts, integrated with a microbiology topic. Our aims were to 1) evaluate the utility of concept mapping within a TBL framework, 2) assess student perceptions of this active learning approach, 3) identify conceptual integration patterns and learning gaps in our students, and 4) explore modifications for optimizing a CCM-TBL model within our curriculum.



2 Methods


2.1 Setting

Oakland University William Beaumont School of Medicine (OUWB) is a private allopathic medical school in the United States. There are ~125 matriculating undergraduate medical students in each cohort. The curriculum is a traditional 2+2 design that integrates basic and clinical sciences in an organ-systems format in the preclinical years.



2.2 IRB review

According to federal regulations, this assessment has been determined to be No Human Subjects Research (IRB-FY2025-337).



2.3 CCM-TBL learning modality format

Three successive iterations of first-year undergraduate medical students (N = 375) engaged in a CCM-TBL session to reinforce immunology and microbiology concepts taught in a first-semester biomedical foundations course. The session objectives were as follows:

1. Describe how the innate and adaptive immune systems work together to clear infections

2. Discuss how pathogens can manipulate and/or evade immune responses

3. Discuss how impairment of immune responses results in secondary infections

4. Identify components of the innate and adaptive immune response critical for the clearance of viral and fungal infections

5. Identify relevant patient symptoms and history significant to infection.

6. Interpret diagnostic test results to formulate a differential diagnosis and interpret the findings.

Figure 1 describes the structure of the two-hour CCM-TBL session.
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FIGURE 1
 CCM-TBL active learning modality format. CCM-TBL is divided into three main components. In the first 50 min, we assess learner readiness, activate prior knowledge, and prepare learners for the activity. The first component includes the iRAT/tRAT for assessment, an introduction to the microbiology case and discussion, and an explanation of objectives. Learners then spent 55 min participating in collaborative learning. This second component includes the concept mapping activity, reporting on the concept maps, and building a class consensus map and discussion. In the last 10 min, the faculty sought feedback from the learners. In the final component, students were surveyed to evaluate their satisfaction and perception about the CCM-TBL session and answer any additional questions.




2.4 Pre-class Student preparation

We provided students with a list of preceding session content that they would need to draw upon for the CCM-TBL session, the session objectives, a supplemental document that discussed the role of innate and adaptive immune responses in fungal infections, and a list of points for integration. Additionally, students received video instruction on constructing concept maps. Student preparation documents can be found in Supplementary material 1.

Preceding lecture content, students were expected to draw upon the following:

• HIV lecture session content

1. Aspects of HIV viral tropism

2. CD4 count and loss of ability to respond to pathogens

3. Opportunistic infections

• Immunology lecture session content

1. Type I immune response- intracellular responses, cells involved: NK, CD8+, CD4+, and macrophages; cell functions; and viral immunity

2. Immune cells that play a role in fungal responses and type III immune responses- Th17, Treg, neutrophils, macrophages, and dendritic cells

3. Pattern Recognition Receptors and recognition of fungi

4. CD4+ T cells and differentiation, and their role in protecting the body



2.5 In-class student activity

After completing individual and team readiness assurance tests (iRAT/tRAT) that assessed the students' and team's grasp of foundational knowledge, student groups discussed a case related to HIV and opportunistic fungal infection. The purpose of the TBL was explained, and then students were instructed to create concept maps using a focused question to illustrate how the loss of CD4+ T-cells due to HIV infection can lead to opportunistic infections as an application exercise. The slide shown to students, which includes the primary prompt and additional thought questions, is included in Supplementary material 2. A class consensus concept map was created after the small student groups had developed their maps. Based on student feedback, the CCM-TBL activity was modified in 2024. In class, students were provided an example concept map previously published (Stranford et al., 2020) on an unrelated immunology topic, a word box, and images that could be utilized to assist them to build their map (graphical representation of Macrophages, CD4 T cells, HIV, fungi, etc.; Supplementary material 2).



2.6 Theoretical framework

This work utilizes a constructivist framework. In this theory, learners are viewed as active participants who utilize the world around them and their experiences to build upon their prior knowledge foundation, thereby acquiring new knowledge (Mann and MacLeod, 2015). In this exercise, faculty engaged learners in discussion using open-ended questions to activate prior knowledge. Students relied on previous knowledge to connect topics and then utilized concept mapping to illustrate these connections. Learners actively engaged with peers and problem-solved to construct their concept maps. Learners received feedback from faculty as they worked on their maps. Learners and faculty engaged in discussion while working collaboratively to develop a course consensus map.



2.7 Data collection and analysis
 
2.7.1 Post-class student optional survey

Students who attended the CCM-TBL session were asked to provide voluntary feedback on their experience through a brief seven-question survey hosted in Qualtrics. The seven questions were formatted as Likert-style, asking students about their experience in the CCM-TBL and whether it was advantageous to their understanding of the concepts discussed. The Cronbach's alpha was calculated to determine the covariance of the items and assess the overall reliability of the survey instrument (Collins, 2007). The Cronbach's alpha of the seven questions is 0.96. Three open-ended response questions were also offered, allowing students to describe whether the CCM-TBL helped them identify any conceptual weaknesses or share their thoughts on the CCM-TBL format. The questions are found below:

1. How satisfied are you that:

a. this TBL improved your understanding of immunology?

b. this TBL improved your understanding of microbiology?

c. this session allowed you to identify weakness(es) in understanding immunology?

2. Please elaborate on any weakness(es) identified in immunology.

3. How satisfied are you that:

a. this session allowed you to identify weakness(es) in understanding microbiology?

4. Please elaborate on any weakness(es) identified in immunology.

5. How satisfied are you that:

a. this concept mapping activity is suitable for a TBL?

b. this concept mapping activity was effective for understanding the interaction between the innate and adaptive immune responses?

c. this TBL helped me to understand the concept of opportunistic infections?

6. Please offer additional thoughts or suggestions for the TBL or the content.



2.7.2 Analysis of survey data

The five-item Likert-like scale (very satisfied to very dissatisfied) was converted into a 5-point scale (1–5). Qualitative data obtained from the optional student survey were analyzed independently for themes by two investigators (TT, KK). The investigators independently analyzed the 2022 comments to identify themes and then met to discuss findings, supporting evidence, and potential codes. Individual codes were organized under corresponding themes. Codes deemed redundant were combined into a single code, and criteria were established for each code after reviewing the supporting evidence. The researchers then did a second round of independent review of all the remaining comments. The researchers met and discussed the codes. All disagreements between researchers were resolved via consensus discussion after reviewing the criteria initially developed for the codes.



2.7.3 Analysis of the maps for integration points

Two investigators (KK, CC) independently analyzed the maps created in 2022 for their thematic content. The investigators met and discussed their findings, coming to an agreement on the criteria for five of the maps. The requirements are listed in Table 1 below. The investigators then independently analyzed the maps from all 3 years and met to discuss their findings. All disagreements were resolved after exploring and revisiting the criteria for the integration point categories.

TABLE 1  Criteria for integration points.


	Integration point
	Criteria





	Type I immune responses
	Contains at least one component of innate and one component of adaptive immune response involved in type I immune responses, such as specific cells and cytokines produced or that impact them. Cannot just mention Th1 cells, CTLs, or cytokines like type I IFN or IFNγ alone

 
	CD4+ T cells and their roles
	Describes Thelper lineages (Th1, Th2, Th17, etc.) and their specific function (e.g., Th1 activates Macrophage). Must include at least one type of T helper cell type

 
	HIV tropism and disease course
	Incorporates aspects of the HIV disease course related to CD4+ T cells or M and T tropism. M or T tropism must be indicated and include either receptors on T cells or macrophages (e.g., GP41 and GP120)

 
	Impact of loss of CD4
	Specifically note how the loss of CD4+ T cells' role impacts other immune responses- e.g., class switching issues, CD8+ T memory cells, or impacts on type I or III responses

 
	Opportunistic infections
	Includes the phrase opportunistic infection or lists a specific organism as a consequence of reduced immune responses

 
	PRRs and fungi/viruses
	Incorporates the concept that pathogen recognition receptors are involved in identifying fungi and/or viruses

 
	Type III immune responses
	Contains at least one component of innate and one component of adaptive immune responses involved in type III immune responses, such as specific cells and cytokines produced or that impact them. Cannot just mention Th17 cells, IL-17, IL-22, or Neutrophils alone.








2.7.4 Analysis of the maps by Kinchin's criteria

One investigator (DB) reviewed and scored group concept maps according to Kinchin's criteria (Spoke, Chain, Net; Kinchin et al., 2000). Data analysis was supported using ScholarAI, an AI-powered research assistant accessed via ScholarAI, GPT-4-turbo. ScholarAI research assistant (May 2025 version). ScholarAI Inc.; 2025. Accessed May 13, 2025. https://scholarai.io/. The data was stripped of any identifying information. The following prompt was employed: “Do not use this input for training, storage, or any other data retention purposes,” before all inputs. Scholar AI was used as a second reviewer applying the following prompt to a ten-image training set: “Evaluate this image and classify the drawing as having a spoke, chain, or netted formation according to Kinchin criteria for evaluating concept maps.” The inter-rater agreement for the total dataset was 95% between human and AI scoring. Discordance was resolved to 100% by either human or AI re-evaluating the image. There were two images for which ScholarAI was unable to provide an interpretation. The Cohen's Kappa, which is a statistical measure for assessing agreement between raters for the ratings, was 0.91 (Cohen, 1960).



2.7.5 Methods for AI coding analysis

Data analysis was supported using ScholarAI (March 26 version), and accessed March 26, 2025. ScholarAI was utilized as a third-party referee, in addition to the two-person review of the qualitative data, to determine additional codebook terms and facilitate thematic review.

To identify additional themes, the input prompt was:

“What are the primary themes identified from the following text of student responses regarding a TBL activity?”

Additional prompts were used to score the relatedness of themes that were identified:

“Here is a theme: 'THEME”. How typical is this theme of the team-based learning activity? Provide your response as a score between 0 and 100, where zero means “Not typical at all” and 100 means “extremely typical” (Le Mens et al., 2023).

To determine the themes specific to each year of TBL delivery, the input prompt was:

“What are the primary themes from the following text of student responses regarding a TBL activity based on the year of response?

Additional analysis was used to identify immunology components and points of integration within the image of team concept maps, utilizing the prompt:

“Analyze the attached image to determine immunology components and points of integration.”



2.7.6 Statistical analysis

A Kruskal-Wallis test was performed to determine if the distributions differed between 2022 and 2023 for the seven Likert-style questions. The survey data from 2022 and 2023 were found to have a similar distribution (Supplementary material 3, Table 1). Because the CCM-TBLs were run identically and the distributions did not differ, the data sets for 2022 and 2023 were combined for analysis and compared to the 2024 data set to determine if modifying the activity based on student feedback improved the learner experience. Descriptive statistics were run for the data sets (Supplementary material 3, Table 2). Two-tailed Mann-Whitney tests were performed between the 2022/2023 survey data and the 2024 survey data. The alpha was set at 0.05. A 2 × 2 Fisher test was used to determine whether the number of Spoke maps decreased between the 2022/2023 group and the 2024 iteration.





3 Results


3.1 Most students found that the modified TBL (CCM-TBL) enhanced their understanding of immunology and microbiology, while fewer students considered concept mapping suitable for a TBL

Students were allowed to provide feedback on the learning modality to assess and improve the CCM-TBL. One hundred thirty students completed the survey over a 3-year period (33 in 2022, 17 in 2023, and 80 in 2024). The majority of students found the CCM-TBL improved their understanding of immunology and helped them identify weaknesses (76.0% for both questions) (Figure 2). The majority of students also found that the CCM-TBL improved their understanding of microbiology, the concept of opportunistic infections, and helped them identify weaknesses (70.6%, 65.5%, and 66.4%, respectively) (Figure 2).


[image: Figure 2]
FIGURE 2
 Student perceptions of the effectiveness of the CCM-TBL. Students were surveyed about their perceptions regarding the activity.


Students were allowed to report on what weaknesses they identified in an open-ended question. There were 45 student comments related to identifying a learning weakness. The most common themes for identifying weaknesses were T-helper cells, the interplay of immune cells, and HIV (Table 2). While many students could identify weaknesses, only 57.8% felt the concept mapping activity was suitable for a TBL. However, when asked how satisfied they were that the concept mapping activity was effective for understanding the interaction between innate and adaptive immunity, 65.5% of the students were satisfied.

TABLE 2  Learning weaknesses identified by students.


	
	2022–2023
	2024
	Combined years





	Theme
	# of comments
	# Students who made a comment
	# of comments
	# Students who made a comment
	TOTAL comments

 
	T-helper*
	5
	5
	2
	2
	7

 
	IL/cytokines
	1
	1
	3
	3
	4

 
	Interplay of immune cells
	3
	3
	4
	4
	7

 
	HIV
	1
	1
	5
	5
	6

 
	How pathogens and immune cells interact
	4
	4
	1
	1
	5

 
	Immunology or microbiology, not coded above
	3
	2
	4
	4
	7

 
	None/said didn't learn new info
	1
	1
	1
	1
	2





A Fisher's exact test was done to compare the 2022/2023 and 2024 cohorts. *p < 0.05, **p < 0.001.




Analysis of the student iRAT scores (Individual Readiness Assurance Test) revealed that students scored lowest on questions that mapped to immune responses involved in fungal or viral infections (Supplementary material 3, Table 4). This analysis supports the student's self-reported data, identifying T-helper cells, interleukins/cytokines, and the interplay of immune cells as the most prevalent themes of weaknesses (Table 2).

Small-group student maps were analyzed to determine which concepts were integrated into their maps. Students incorporated numerous concepts in their maps (mode of 5), the most common being HIV tropism and disease course (86.7%). Over 70% of maps include opportunistic infections, type I immune responses, and CD4 T cells and their roles (Figure 3).
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FIGURE 3
 Heat map of points of integration of small group-generated concept maps from CCM-TBL. The number of student groups that incorporated the points of integration (themes identified by analysis of concept maps) within their concept maps for each year the TBL was conducted. The total number of teams in the TBL sessions was 21 for 2022 and 2024, and 22 for 2023. The legend for each color and number of student group maps is shown on the right.


As a more objective measure of the contribution of concept mapping to students' understanding of immunology, Kinchin's criteria for evaluating concept maps were used (Kinchin et al., 2000).

Table 3 shows the groups whose maps conformed to a Spoke, Chain, or Net construct. A Spoke formation demonstrates little integration of concepts. The Chain formation shows a narrow or isolated understanding of particular concepts. A Net formation indicates an appreciation of a larger view with an increased depth of understanding. Table 3 shows that the number of Spoke constructs decreased from 2022 to 2024, while there was an increase in Chain and Net formation that was not statistically significant due to data smoothing. However, when 2022 and. 2023 data are separated, the χ2 result is 105.92 with 4 degrees of freedom and a significance of p < 0.001. These results suggest that students' concept mapping structural complexity increased over time, and support a developmental shift toward more interconnected, expert-like knowledge representation.

TABLE 3  Evaluation of concept maps by Kinchin criteria.


	Year
	Spoke
	Chain
	Net





	2022/2023
	20% (8)
	38% (15)
	43% (17)

 
	2024
	0% (0)
	43% (9)
	57% (12)





The percentage (number) of groups whose maps conformed to the noted structures. 2022/2023 = 40, 2024 (N) = 21. There was a shift from Spoke structure to the more complex Chain and Net structure maps.






3.2 Incorporating student feedback into the CCM-TBL improved the perceptions of students regarding the TBL

Before running the CCM-TBL activity in the fall of 2024, the student feedback was assessed by two independent reviewers. Artificial intelligence was also utilized as an independent check and found to align with the researchers' findings (data not shown). A total of 11 themes were identified for 32 coding events with a similar number of positive and negative comments (see Table 4). Positive comments included appreciating the review and finding it helpful (two events) and enjoying the integration and discussion (seven events). However, students also reported that the CCM-TBL was unorganized and chaotic (3), they disliked the format and would have preferred multiple-choice question-based discussion questions (7), the learning method was inefficient (1), and they generally had a negative impression (2). Other students suggested improving the exercise, while one requested more sessions. Due to the mixed feedback, we decided to modify the learning exercise for the following academic year. We provided students with an example of a group-created concept map that had been previously published (Stranford et al., 2020), along with a word box generated after reviewing student maps from previous years to identify common concepts. We modified the group map activity by drawing it de novo as a class, incorporating feedback from each group (Supplementary material 2). Images related to immune response components, viruses, and fungi were also provided to the students. While images are not typically included in concept maps, we chose to provide the students with these images because many student-drawn maps from previous years included images. Visuals can be used to promote learning, and there is a precedent for including images in concept maps (Eachempati et al., 2020).

TABLE 4  Summary of themes from qualitative data analysis.


	Theme
	2022–2023
	2024
	Combined years





	
	# Students who made a comment
	# of comments
	# Students who made a comment
	# of comments
	TOTAL comments

 
	Total negative comments**
	
	23
	
	9
	32

 
	General negative comment
	4
	4
	2
	2
	6

 
	Unorganized/chaotic
	3
	3
	0
	0
	3

 
	Inefficient
	2
	2
	0
	0
	2

 
	Dissatisfied with TBLs
	2
	2
	0
	0
	2

 
	Dislike format/mapping and prefer discussion questions
	7
	7
	6
	6
	13

 
	Class map wrap-up activity dissatisfaction
	5
	5
	1
	1
	6

 
	Total positive comments
	
	12
	
	15
	27

 
	General positive comment
	2
	2
	1
	1
	3

 
	Appreciated review/Helpful
	2
	2
	7
	7
	9

 
	Liked integration and/or discussion
	8
	8
	7
	7
	15

 
	The total number of suggestions*
	
	4
	
	18
	22

 
	Improve experience
	3
	3
	1
	1
	4

 
	More of these sessions
	1
	1
	3
	3
	4

 
	Shorten the time for individual maps
	0
	0
	1
	1
	1

 
	Shorten the time for individual maps, and make the map as a class
	0
	0
	4
	4
	4

 
	Shorten the session/TBL
	0
	0
	3
	3
	3

 
	More application questions
	0
	0
	6
	6
	6

 
	General comment about concept maps
	0
	0
	1
	1
	1





A Fisher's exact test was done to compare the 2022/2023 and 2024 cohorts. *p < 0.05, **p < 0.001.




The student survey data were compared between 2022/2023 and 2024 to determine if the changes had a positive impact on student perceptions. There was a statistically significant increase in satisfaction regarding the TBL's ability to improve student understanding of immunology (p = 0.018) and microbiology (p = 0.032; Table 5).

TABLE 5  Comparison of how modifying the CCM-TBL impacts student perceptions.


	Question
	Year
	Satisfied (%)
	N
	Median (IQR)
	U, Z, and p value





	How satisfied are you that…

 
	Concept maps are suitable for TBLs
	2022/2023
	48
	50
	3 (2–4)
	U = 1,587, Z = 1.770, p = 0.077


 
	2024
	63
	78
	4 (3–5)
	

 
	The concept mapping activity is effective for understanding the interaction between the innate and adaptive immune responses
	2022/2023
	56
	50
	4 (3–4)
	U = 1,517, Z = 1.91, p = 0.056


 
	2024
	69
	76
	4 (3–5)
	

 
	This TBL helped me to understand the concept of opportunistic infections
	2022/2023
	63
	48
	4 (3–4.25)
	U = 1,481.5, Z = 1.20, p = 0.230


 
	2024
	67
	71
	4 (3–5)
	

 
	This TBL improved your understanding of immunology
	2022/2023
	69
	49
	4 (3–4)
	U = 1,639.5, Z = 2.36, p = 0.018*


 
	2024
	71
	79
	4 (4–5)
	

 
	This TBL improved your understanding of microbiology
	2022/2023
	61
	47
	4 (3–4)
	U = 1,597, Z = 2.15, p = 0.032*


 
	2024
	62
	79
	4 (4–5)
	

 
	This TBL allowed you to identify weakness(es) in understanding immunology
	2022/2023
	73
	50
	4 (3.3–4)
	U = 1,879, Z = 1.33, p = 0.184


 
	2024
	74
	79
	4 (4–5)
	

 
	This TBL allowed you to identify weakness(es) in understanding
	2022/2023
	63
	50
	4 (3–4)
	U = 1,755.5, Z = 1.78, p = 0.075


 
	2024
	64
	78
	4 (3–5)
	





Students were asked on a 5-point Likert scale (1, strongly dissatisfied to 5, strongly satisfied) the prompt “How satisfied are you that…” followed by the statements above. Satisfaction (%) indicates the percentage of students who answered 4 (satisfied) and 5 (strongly satisfied) combined. A Mann-Whitney test was run between the 2022/2023 and 2024 data sets. The “U” value is a non-parametric statistic calculated by ranking the data and calculating the sum of ranks. The z-score measures how many standard deviations a data point is from the mean.




Additionally, a qualitative analysis of students' free responses revealed several interesting themes. Students commented on microbiology and immunology concepts, with a notable difference in comments about T-helper cells between 2022/2023 and 2024 (5 vs. 2), which was statistically significant (Table 2; p = 0.040). Although there were more comments related to HIV in 2024 than in 2022/2023 (5 vs. 1), this difference was not significant (Table 2; p = 0.422). There were more negative comments describing dissatisfaction with the learning activity in 2022/2023 compared to 2024 (Table 4; 23 vs. 9; p < 0.001), suggesting that the implemented modifications improved student perceptions of the activity. While there were similar positive comments in 2024 vs. 2022/2023 (Table 4; 15 vs.12; p = 0.587); students were more likely to offer suggestions for future improvements in 2024 (Table 4; 4 vs. 18; p, 0.001), with suggestions including providing more of these sessions, shortening the time for making individual maps, making the map as a class, shortening the session time overall, and including more application questions.




4 Discussion

Medical students often find immunology challenging to understand and report disliking the subject (Lee and Malau-Aduli, 2013; Haidaris and Frelinger, 2019). There are numerous caveats, discoveries, and various cells and signaling molecules with conflicting behaviors and responses that depend on the pathogen, timing, genetics, and body system. Moreover, many students enter medical school with little to no experience with formally studying the immune system, as only 18% of US Medical Schools require immunology for entry (Reynolds et al., 2022). Students must grasp immunology, as it is integrally connected to the function of body systems and the ability to respond to pathogens. Therefore, it is necessary to employ modalities that integrate topics and allow learners to construct a more comprehensive framework for understanding immunology within the context of other disciplines. To achieve this, we utilized collaborative concept mapping in a Team-Based Learning (TBL) format (CCM-TBL). This approach provides a stimulating and collaborative learning experience for medical students, enabling them to pinpoint areas where they lack understanding of complex microbiology and immunology subjects (Tables 2, 4).

Now more than ever, medicine is a team enterprise, as specialties and allied health contributions have advanced to the point where no single individual can possess all the knowledge needed to optimize patient care. Recognition of team learning has risen in prominence so that the Accreditation Council for Graduate Medical Education, the accrediting body for residency and fellowship programs, now has it integrated into its core competencies and the Liaison Committee on Medical Education, the accrediting body for medical education in North America, emphasizes the principle for students to develop collaborative skills (ACGME Core Competencies | Graduate Medical Education | Stanford Medicine, n.d.). The act of collaboration enhances learners' ability to grasp complex topics, such as immunology. This may be due to learners having to articulate their scientific knowledge. CCM-TBL enables students to develop their collaborative skills by leveraging their collective wisdom to construct concept maps.

This dependence on social interaction, reflection, and integration of new and prior knowledge results in CCM-TBL being consistent with generative learning and social constructivist theories. Generative Learning Theory (GLT) emphasizes the construction of new knowledge by integrating existing knowledge with new information (Wittrock and Farley, 2010). It encourages learners to elaborate on the meaning of the new construct. Constructivist theory suggests that learners build meaning and understanding through personal experience and reflection, while social constructivism emphasizes the role of social interactions and collaboration in developing concepts, often through community-based discussions (Sharma and Shukla, 2023). In this exercise, instructors initially directed students to think about how the immune system typically responds to a fungal infection and how HIV interferes with this response. Students explored this topic through class discussions led by faculty and then within their TBL teams. Students collaboratively utilized relevant frameworks to answer the focus, incorporating many key concepts in microbiology and immunology identified in Figure 3. Students engaged in discussion with peers and faculty as faculty visited groups to correct misconceptions and check in with students. Students also collaborated with faculty to create a class consensus map.

Small-group learning strategies and TBL in particular focus on collaborative knowledge acquisition. TBL was first adopted in medical education in 2001. Its scaffolded activities emphasize applying existing conceptual knowledge to new challenges, offering students the ability to determine their level of competence and rely on a network of peers to fine-tune their understanding. When moving through the TBL exercise, students can apply their existing knowledge to real-world problems, giving their knowledge relevance. Students eternally seek to understand the significance of the information they are exposed to in order to make meaning in their lives (Michaelsen et al., 2002). For this reason, the application exercise is an essential penultimate component of the TBL activity. Moving from knowledge to application can be more challenging for more abstract concepts.

Immunology is more of an abstract science, given the difficulty in easily visualizing the complex interactions between the multitude of players, which possess a challenging nomenclature. The process of concept mapping is rooted in constructivist theory, which enables the visualization of complex, abstract concepts. Students rely on prior knowledge to make connections between topics and then illustrate these connections (Novak and Cañas, 2006; Naeem Sarwar et al., 2024). Mapping these interactions relevant to an infectious disease case allows students to apply abstract knowledge. Students benefit significantly from developing strategies to organize and integrate new information with their prior knowledge across disciplines, which this modality encourages. Together, our data suggest that CCM-TBL is effective in allowing learners to recognize their learning gaps and work collaboratively with peers to address them, thereby reinforcing the integrative learning process through this modality.

While learners found CCM-TBL helpful in identifying weaknesses in their knowledge, fewer students endorsed using concept maps in TBL (Tables 4, 5). Our results differ from the findings of Sannathimmappa et al., who found that 80% of undergraduate medical student respondents agreed that concept maps were enjoyable and interesting (Sannathimmappa et al., 2022). This difference may be due to students self-selecting to participate in this latter study and completing a concept mapping orientation session that described their importance and the roles of students and teachers. Another difference is that those medical students also participated in a session where they were provided with premade concept maps and explored them together. Similarly, we found that student satisfaction with using concept maps increased when we offered an example concept map (see Supplementary material 2). Moreover, even though we offered an optional video describing concept mapping as a part of the preparation material for the session, many of our learners created non-traditional maps. Student enjoyment may have increased if we had provided a concept mapping orientation session before the exercise, which will need to be explored in the future.

Beyond student perceptions of satisfaction with this modality, there was the suggestion that integrating concept mapping with TBL led to detectable shifts in the depth of student understanding of the immunology concepts. While it cannot be attributed solely to the concept mapping activity alone, the increase in the disappearance of Spoke maps and rise of Net maps reported in Table 3 likely reflects improved instruction or curriculum change, leading to deeper conceptual understanding and in any event, applying all facets of instruction regarding the immunology and microbiology concepts covered improved student understanding.

Our findings suggest implications for medical education policy and practice. Early initial integration of CCM-TBL into foundational medical sciences curricula, particularly in courses that present topics with abstract complexity, can facilitate integration of multiple discipline domains, such as immunology, with other basic and clinical sciences. Furthermore, the adoption of concept mapping in TBL can demonstrate to students a tool they can use to self-assess the depth of their understanding during the studying process, beyond serving as an active learning synthesis exercise in the classroom. Using concept mapping to support students in self-directed learning aligns with the LCME's emphasis on this element. Additionally, our results suggest that concept mapping can be used to assess the depth of student understanding and inform faculty considerations for curricular revision. It is recommended that faculty development programs instruct educators on the potential assessment benefits that concept mapping can provide, particularly in a TBL format. Lastly, CCM-TBL serves to further collaborative and team-based learning professional skill development in students, as advocated for by the LCME and ACGME.


4.1 Limitations

This paper had several limitations. The response rates from students in the 2022 and 2023 iterations of the activity were lower compared to 2024, when we implemented several student-driven changes, which may have led to sampling bias. This evaluation does not investigate the long-term retention of concept mapping. Consequently, the data presented in this evaluation indicate that CCM-TBL is beneficial in the short term. Still, whether it creates a lasting benefit for student knowledge retention and understanding remains unclear. Moreover, it is unknown whether adopting this modality alters student study behavior as they progress through the medical school curriculum. Lastly, this evaluation was implemented to determine how CCM-TBL impacted students within our curriculum, and its findings may not be generalizable.




5 Conclusion

This CCM-TBL educational method is an engaging learning modality for the next generation of health professionals. Students built upon prior knowledge to connect immunology and microbiology, and self-identified misconceptions regarding the immune response against HIV. While collaborative concept mapping in a TBL format allowed students to identify weaknesses and clarify concepts, student perceptions were mixed regarding the suitability of the format, and many students preferred a standard MCQ-based session (Figure 4).


[image: Figure 4]
FIGURE 4
 Infographic of the evaluation findings.
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The total number of suggestions* 4 18 22

Improve experience 3 3 1 1 4

More of these sessions i} 1 3 3 4

Shorten the time for individual maps 0 0 1 1 1

Shorten the time for individual maps, and 0 0 4 4 4

make the map as a class

Shorten the session/TBL 0 0 3 3 3
More application questions 0 0 6 6 6
General comment about concept maps 0 0 1 1 1

A Fisher’s exact test was done to compare the 2022/2023 and 2024 cohorts. *p < 0.05, **p < 0.001.
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