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Abstract

:

Many universities have implemented initiatives to drive instructional change, yet their success has often been limited due to a lack of recognition of academia as a complex dynamic system. This paper explores how the interconnected and dynamic nature of academic systems influences faculty motivation to adopt instructional innovations, such as project-based learning (PBL) and small group collaborations (SGCs). We present a Conceptual Systems Dynamics Model (CSDM) that illustrates these interconnections, demonstrating how systemic factors create feedback loops that either reinforce or hinder faculty motivation, as well as other related factors. These loops, represented as Causal Loop Diagrams (CLDs), were derived from literature reviews and qualitative data obtained from interviews and focus groups involving 17 faculty and administrators within an Engineering Department at a research university in South America. The paper identifies thirteen CLDs, comprising seven reinforcing dynamics that positively influence faculty motivation and six balancing dynamics that exert negative pressure. Using empirical evidence and analysis, we describe how the systemic factors influence faculty motivation, and how shifts in motivation reciprocally impact these interconnected factors. By elucidating the complex dynamics at play, this research contributes to a deeper understanding of how to promote sustainable instructional change within academic institutions.
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1. Introduction


For decades we have been hearing calls for instructional change in engineering education. These calls aim toward increasing the pedagogical quality of our learning environments, particularly by increasing the adoption of Research-Based Instructional Strategies (RBIS) [1,2,3,4]. As their name indicates, RBIS are teaching practices that research shows are effective in improving students’ learning. However, the various strategies that universities have taken to attend to the calls for instructional change, that is, the calls for increasing the adoption of RBIS, have yielded low to moderate success [5,6]. For example, McKenna, Froyd [7] found that change initiatives focus on faculty but avoid other participants in the educational ecosystem. Henderson, Beach [5] found that the communities that study and lead change (i.e., colleges/schools of engineering administrators, higher education researchers, and universities’ centers for teaching and learning) are isolated from each other. Finelli, Daly [8] suggested that these communities should be integrated around the characteristics of the local context, such as a particular school of engineering. Other authors argued that the lack of success occurs because change efforts have been driven by implicit, tacit, simplistic, or not-grounded-in-research theories of change [6,9] or that the initiatives advocate for single interventions as the solution to the problem [10]. These different reasons suggest that success in change initiatives depends on the integration of several factors and change agents’ actions and that change does not occur in giant steps [11].



Nonetheless, there is one key variable that directly and ultimately determines the success of instructional change initiatives: the faculty motivation to adopt RBIS in their courses. Even if university or college-wide policies mandate such a change, it ultimately relies on individual professors being willing to change their practices [12]. Professors will change their practices only if they are motivated to do so. Motivation, as its name indicates, represents the motion or engine that drives and sustains individual physical and mental activity, behaviors, and verbalizations [13]. In short, instructional change will be unsuccessful if faculty decide not to adopt and sustain such strategies in their classrooms. Nonetheless, we are not arguing that faculty motivation occurs in isolation, or that it depends solely on the individual; rather, we understand that faculty motivation is affected by external and internal factors of the academic system that dynamically interact to reinforce or balance the decision to adopt RBIS in their courses [14]. In summary, faculty motivation is dynamic and affected by the complexity of the academic system. Therefore, understanding how the system influences faculty motivation is key to understanding instructional change [15]. The reader can note that we use the term faculty motivation as an umbrella term when referring to faculty motivation to adopt two specific RBIS: Project-based learning (PBL) and small group collaborations (SGCs). We will explain later why we chose these two strategies.



The sheer number of factors and their intricacies hint at another perspective that could explain this low success in change initiatives: that academia is a complex system [16]. As such, it does not have isolated drivers or root causes that are individually capable of generating change. Therefore, facilitating instructional change in engineering education requires an approach that acknowledges the complex nature of the academic system and explains how everything is connected to everything else [17,18]. This research uses one of these tools: creating a Conceptual System Dynamics Model (CSDM) [17] to explore how these multiple factors interact dynamically to reinforce or control instructional change. We followed a process suggested by Sterman [17] with emphasis on its qualitative approach to data collection and analysis [19,20]. In essence, this method aims to understand the behavior of complex systems and to recognize a range of feedback loops (i.e., dynamics) operating within them.



The purpose of this paper is to introduce a Conceptual Systems Dynamics Model (CSDM) that elucidates and examines the interactions among multiple factors influencing faculty motivation, and vice versa. Our contribution lies in the thorough analysis of the academic system wherein we identify these factors, elucidate their causal relationships, and, importantly, uncover how these relationships intertwine to form feedback loops. In essence, we have identified and interconnected various factors, discerned the dynamics that emerge from these interconnections, and explored their impact on faculty motivation, as well as how faculty motivation reciprocally influences these factors. Furthermore, we show how these dynamics are interconnected with one another, resulting in a non-linear effect on faculty motivation. These dynamics are depicted as Causal Loop Diagrams (CLDs) which, when integrated, constitute the CSDM.



In this paper, we explored how the dynamics of the factors of the academic system influence faculty motivation to adopt two specific RBIS: Project-based learning (PBL) and small group collaborations (SGCs) (from now on, we will call it faculty motivation). We selected these two RBIS because they provide a rich case to illustrate the dynamics of an instructional practice that is highly beneficial but difficult to implement. On one hand, the literature suggests PBL and SGCs are beneficial to develop engineering and professional skills [21,22,23], are highly tied to skills used in engineering practice [24], and can be applied in a variety of subjects [25]; on the other hand, they present several barriers to their adoption at the individual and institutional level such as the huge variation of their implementations, and time required both for their training, implementation, and assessment [26,27].



The proposed model was built through an iterative process of systematically reviewing the literature and gathering data from semi-structured interviews and a focus group with purposely selected faculty members at an engineering department. The analysis of these data led to a model consisting of thirteen CLDs, comprising seven reinforcing dynamics that positively influence faculty motivation and six balancing dynamics that exert negative pressure.



We start this article with an introduction to the theory we used to understand faculty motivation and a brief review of the factors that affect it. Later, we present the methods to elicit, analyze, and describe the model. Then we introduce the model by describing each feedback loop, supported by the literature and qualitative data, and how each loop integrates with the previous until it forms the CSDM.



1.1. Theoretical Framework


To identify how faculty motivation is influenced by the academic system, we used complex systems theory as a framework to determine and explore how and why certain factors affect faculty motivation to enact change in their instruction. In this theory, complexity refers to the intrinsic interconnectedness and interdependence of elements within a system [18,28] and it encompasses three basic tenets:




	(1)

	
Reality is composed of multiple intertwined and dynamic systems [28];




	(2)

	
These systems display emerging characteristics that cannot be fully understood by examining each part separately or in isolation [28]. That is, the behavior of the whole cannot be fully explained by analyzing its components in isolation [18] or by breaking it down into simpler parts [28];




	(3)

	
These systems involve inherent contradictions, uncertainties, and non-linearities [28]:




	○

	
Contradictions, because when facing change, factors in a complex system can be drivers and barriers simultaneously;




	○

	
Uncertainties, because complex systems are policy-resistant by nature [16,17] which means that policies intended for positive outcomes could lead to unintended consequences [17,18];




	○

	
Non-linearities, because actions in one part of the system generate reactions in another part of the system that are not directly tied to those initial actions [17,18]; hence, small changes can have significant and unexpected effects on the overall system [18], and increases in the outcomes are not proportional to or have a low correlation with the increases in what causes those outcomes [29].















In this work, describing and modeling the feedback loops is a way to model the non-linearities resulting from the interactions between elements of the academic system. They could also describe the emergent contradictions of such interactions by showing how driving factors under certain conditions can become barriers in the long run and the unintended consequences of instructional change policies.



We also used the literature on motivation to explain how the feedback loops influence faculty motivation. As a rich field of inquiry in the education and psychology literature, motivation consists of many theories and models, each meant to address motivation in different contexts and from different perspectives [30]. For example, we used Eccles’ expectancy-value theory [31,32] to elicit individual and social factors that motivate faculty to change their instruction. At its core, this theory suggests that faculty engage in tasks or activities in which they believe they can succeed and that they value [31,32]. This theory allowed us to ask questions and code our data to identify whether and why faculty value the adoption of PBL and SGCs. For example, adopting PBL and SGCs could be interesting and enjoyable (i.e., interest value); be perceived as important to faculty (i.e., attainment value); could be useful to their current and future plans and goals (i.e., utility value); or the benefits of adopting these strategies could outweigh its costs (i.e., cost value). Other theories like the MUSIC model of motivation [13] allow us to ask questions and code our data to identify whether and why they feel empowered to make the change (i.e., empowerment) or that by adopting these strategies they show care to the students (i.e., caring).




1.2. Review of the System Factors Affecting Faculty Motivation


Through reviewing the literature, we identified several factors that potentially impact faculty motivation to adopt RBIS, which could be barriers or drivers to instructional change in engineering education. Details of this review process, analysis, and categorization of all these factors are published elsewhere [14]. We acknowledge, however, that there are more factors whose dynamics merit more research.



1.2.1. Institutional Support Factors


These factors are part of the structures and procedures in the system and include institutional and departmental policies, the availability of resources and infrastructure, the implementation of faculty development programs, and conditions like the time allotted for the change initiative. These factors depend on the leaders of the academic institution and the administrators, but also some of these factors could emerge from faculty committed to changes within the Department [33]. Specifics of these factors are summarized in the following four subcategories:




	
Institutional policies about tenure, promotion, service, and teaching. They influence the adoption of PBL and SGCs predominantly by the weight the policies put on both teaching evaluations and teaching performance as a condition for decisions of advancement and continuation in the academy [8,34,35,36]. They vary depending on the institution type and the emphasis put on research [8,9];



	
Available resources, infrastructure, and instructional training. Insufficient institutional resources and inadequate facilities diminish the possibility of instructional change [26,37,38] mostly because they impact the expectancy of success of implementing these strategies [12]. For example, the layout of classrooms either encourages or discourages the adoption of teaching innovations [39,40]. A classroom with flexible seating arrangements for group work invites SGCs, whereas a static auditorium designed for large classes tends to promote lectures [41]. Also, instructional change is supported by providing teaching assistants or technical and logistical aid to instructors [42]. These factors of institutional support can either hinder or enhance teaching quality, contingent upon whether the focus is on productivity rather than teaching excellence [33];



	
Flexibility of curriculum. It promotes or hinders instructional change because professors are expected to cover all the content [40,42] that was originally defined for lecture-based instruction. Professors who want to adopt PBL and SGCs have found it highly difficult to cover all the content using these strategies [39,42,43,44]. Also, professors who perceive they are expected to follow the defined content sequence with a specific timing designed for direct instruction [8,34] find it difficult to adopt PBL because these strategies usually require different timing than lectures [42,45]. Although the content of the course is predefined and static, the flexibility allowed for its coverage could be a driver to change [43,44];



	
Time allotted to adopt PBL and SGCs can be a barrier to change [44]. Adopting new instructional strategies is a process that requires time to learn its pedagogical principles [37,39], preparation of class activities [38,43], and class time for its implementation [12,33,38,39,40,43].









1.2.2. Levels of Pedagogical Knowledge and Skills about PBL and SGCs


These factors explain that successful instructional change occurs alongside the pedagogical development of faculty and that this cognitive and practical knowledge is developed through a learning process resulting from conscious thought and reflection about their teaching practices. Research has shown that as a learning process, pedagogical knowledge has at least three levels (awareness, familiarity, and expertise) that must be fulfilled to sustain the adoption of PBL and SGCs [8,46].



	
Awareness. This first level of knowledge embodies the consciousness that faculty have about the existence and characteristics of PBL and SGCs [8,39]. The huge variation in their implementations represents a barrier to adoption [26,27] because it makes it more difficult to access and discern the research that validates such strategies [39,46];



	
Familiarity. This second level represents the understanding of the educational concepts behind PBL and SGCs [46,47], their effect on students’ learning [8,46], and an adaptation of these strategies to the faculty’s particular context [37]. Such adaptation can be a barrier to change because sometimes the adaptations do not follow all of the details that make them effective [45,48] or are altered in ways that err on the side of direct instruction [39];



	
Expertise. The third level implies the development of practical knowledge of these strategies that effectively improves their teaching methods [33]. Effective implementation requires awareness, familiarity, and, above all, a deeper understanding of the pedagogical tenets that explain why these strategies work [37,46]. This level of expertise is a strong driver of the sustainability of the adoption of these strategies because at this level faculty’s self-reflection and continuous improvement are an important part of their daily practices.







1.2.3. Institutional Culture Factors


These factors are closely tied to the cultural elements present within an organization. These elements encompass symbols, artifacts, attitudes, beliefs, assumptions, and collective values. They play a crucial role in shaping the interpretations individuals give to various situations. Consequently, these cultural elements establish the accepted modes of thinking and form the foundation for actions undertaken within the organization [49]. Change theorist Kezar [6] asserts that altering cultural values represents a fundamental component of second-order or deep change.



	
Symbols and artifacts. They encompass rituals, traditions, events, or historical representations that reflect the organizational culture [50]. For example, traditions like the expectation of a persistent heavy workload for faculty and that they should be highly occupied most of the time [8,38];



	
Attitudes. They involve both the perceived institutional attitudes toward faculty and the attitudes of faculty toward change. For example, administrators and some faculty members perceive faculty as inherently resistant to almost any change initiative [8,36];



	
Beliefs. They represent the shared mental models among faculty members. For instance, a common concern hindering the adoption of RBIS is the belief that favoring these strategies automatically implies opposition to any form of lecture [42]. This belief acts as a barrier to motivation for change because introducing teaching innovations challenges traditional practices and may evoke feelings of incompetence among faculty accustomed to lectures in their classes [37];



	
Assumptions. They refer to preconceived interpretations or meanings assigned to academic activities. Negative assumptions about RBIS can impede change. For example, many engineering faculty exhibit skepticism toward educational data indicating the higher impact of RBIS on learning [8]. This skepticism arises from the belief held by several faculty members that traditional teaching methods are already achieving their goals [6,39,42]. Such assumptions persist due to the prevailing notion that current educational systems consistently produce successful new scientists [51];



	
Collective values. They denote the collective importance or recognition that faculty and administrators assign to academic activities. These include the collective value placed on traditional teaching methods by faculty [6], the value attributed to innovations by administrators [12], the significance attached by both faculty and administrators to students’ deep approach to learning [37], and the balance between the value accorded to teaching and scholarship by faculty [35].







1.2.4. Student Experience Factors


These factors are associated with how students perceive their academic experience in classrooms where RBIS are implemented. Although the primary objective of enacting instructional change in academic institutions is to enhance the students’ experience, improve learning, and provide better evaluation processes [6,9,46], barriers and drivers to the adoption of PBL and SGCs can also arise from students.



	
Students’ motivation and learning. They represent the students’ willingness to study and learn [13] and serve as a driving force behind the adoption of RBIS [8,9] mostly because these strategies align with our understanding of how learning works [46];



	
Students’ evaluation of teaching. Having better scores on evaluations of teaching supports instructional change. RBIS are related to increases in these scores [42] because they provide clear means to assess students’ performance, and can alter faculty perception of teaching effectiveness [52];



	
Students’ resistance. They act as a barrier to the adoption of RBIS [9,39,40]. This resistance often stems from the unfamiliarity of students with these practices [53]. Nevertheless, the prevalence of RBIS among faculty members within a school can diminish students’ resistance, as they perceive these practices to be more commonplace [53].






Our review found that research has explained multiple factors that affect instructional change, defining them as either drivers or barriers and providing suggestions for generating the desired outcomes. However, the literature reviewed mostly avoided the implications that the complexity of academia has on the change initiative; that is, those factors do not act in isolation and their effects are not linear, have delays, and could create unexpected consequences [17]. From a complex system perspective, such non-linearity explains that there are factors that could be both barriers and drivers depending on the context and timing. For example, as we will explain later, one factor that seems to be a barrier, the increase in teaching workload, could become a driver. Indeed, there is evidence of potential time savings when faculty adopt these strategies [8,38] but, at first, their adoption will likely increase the faculty’s time commitments [42].



In summary, to understand the full extent of the complexity of academia (i.e., dynamic complexity [17]), it is necessary to understand the interrelations between the factors of the academic system. In this paper, we seek to answer the following research question: How do the dynamics of the academic system affect faculty motivation to adopt PBL and SGCs?






2. Methods


2.1. Overview


To answer the research question, we created a CSDM following the general process suggested by Sterman [17]. More specifically, we followed the qualitative data collection procedures of CSDM as suggested by Luna-Reyes and Andersen [19] and Vennix [20], and the analysis procedure suggested by Luna-Reyes, Martinez-Moyano [54], and Kim and Andersen [55]. The goal of the CSDM is to illustrate the internal dynamics and the causal structure in a system that reinforces or hinders the variable of interest (i.e., faculty motivation). These dynamics are the feedback or causal loops between the factors or elements of the system that ultimately promote the growth or decline of faculty motivation. These loops are represented in a causal loop diagram (CLD). Reinforcing CLDs illustrate dynamics that promote faculty motivation whereas balancing CLDs illustrate dynamics that hinder it. The combination of all the CLDs constitutes the CSDM.



To obtain this model, we followed three phases: (1) an analysis of the literature to identify potential dynamics of the factors influencing faculty motivation, (2) a single case study to add depth to these dynamics and identify new dynamics, and (3) an integration of the literature review and data collected to describe and illustrate those dynamics.



This process consisted of ten individual interviews and one focus group, all facilitated by the first author. Both aimed to elicit opinions, values, and knowledge about the participants’ willingness to adopt PBL and SGCs, and elements of their academic system that affect such adoption. Both were video- and audio-recorded with the participants’ consent. Each interview was informed by a preliminary analysis of previous interviews where we identified potential feedback loops. This analysis was important to determine the emphasis of the next interview; that is, whether it was necessary to explore similar dynamics, connections of similar factors, or try to elicit different dynamics. After all the interviews, we conducted a focus group following the methodology of Group Modeling Building [20,54]. Its purpose was to discuss, critique, and add depth to the feedback loops identified during the interviews.



To reduce researcher bias, we followed the process of reflexive bracketing [56]. Such a process included clarifying the suppositions that we brought to the study [57], stating our worldview from where we made the interpretations and analysis [58], and pilot-testing the interview protocols with people who share similarities with the participants [59,60]. Finally, we employed multiple strategies of validity to increase confidence in the accuracy of the findings. Such strategies include: (1) revisiting the data to look for contradictions and alternative hypotheses that explain the information in the diagrams [17,61], (2) trying to identify the implicit assumptions of our mental models considering how the outcomes of the model might change if different assumptions were used [17], (3) documenting thoroughly every step of the process and results [62], and (4) we solicited the judgments, reviews, and opinions of a diverse group of people [17,63] including member checks with four participants of the study, and feedback from researchers savvy in theories and research on motivation.




2.2. Phase 1: Analysis of the Literature


As mentioned in the introduction, we explore the literature to identify factors in the academic system affecting faculty motivation [14]. With these factors, we searched and analyzed the literature to establish potential dynamics. As suggested by Vennix [20], Luna-Reyes, Martinez-Moyano [54], and Kim and Andersen [55], this qualitative process consisted of a highly iterative process of five steps. Step A, Literature search, consisted of finding supportive literature for the factors and the potential causal links between them. Step B, Hypothesis linking, consisted of hypothesizing causal links between the factors (i.e., causal coding [64]), and drafting causal loops based on the analysis and interpretation of the literature found in Step A. Step C, CLD team meeting, consisted of regular team meetings to discuss the rationale of the causal links, defining how such links influenced the causal diagram, and establishing a narrative or story that explained the causal loops. These meetings included a system dynamics expert, who is also an engineering faculty member. In these meetings, we checked and revisited the interpretations of factors, loops, and narratives. After conducting the literature searches, hypothesizing links, and team meetings, step D, Validation, was conducted to recheck any additional loops, causal links, and factors that were added in each iteration of the process, and to ensure that the narratives were accurate with changes made to the overall CLD. Step E, System Boundary, was focused on determining the boundary of the model. In this step, we checked if the model included all relevant endogenous factors that affect faculty motivation and the consistency between the loops and the elicited narratives. This process is illustrated in Figure 1.




2.3. Phase 2: A Single-Case Research Study


Based on the knowledge obtained in phase 1, we expanded and added depth to such knowledge by creating a CSDM from a single-case research study. This exploratory inquiry was based entirely on the experiences and beliefs of the study participants. To minimize researcher bias in phase 2, we followed a reflexive bracketing procedure [56]. That is, we temporarily set aside the causal structure found in phase 1 but approached phase 2 starting only with the factors found in the literature review, and proceeded to elicit a causal structure from the participants. We followed this phase because it is a common practice to build a CSDM in single sites to understand and solve a particular problem [17].



2.3.1. Site Selection and Description


We selected an electronics engineering department in a South American country as the site to develop this research. The rationale for this selection was consistent with the requirements of a single site selection for an SDM research process [63]. It provides opportunities for unusual research access [19,20,65] including the disposition of multiple gatekeepers and characteristics of dynamic complexity [17]. The latter was warranted by the richness and variety of the ongoing circumstances within the curriculum and instructional change initiatives in the site which suggested both numerous interdependencies of the system’s elements and a high probability of finding feedback loops that reinforce or resist policies.



The selected engineering department had a combination of events and unique characteristics such as being involved in a curriculum change within an ongoing international accreditation process, and it had professors with different levels of willingness to adopt PBL or SGCs, and to change their instruction. Some of these initiatives at the Department include: ABET accreditation, changes in university policies, administrative reorganization, and the Conceiving, Designing, Implementing, and Operating (CDIO) initiative [66] that is rich in student design-build-test projects, integrating learning of professional skills, and featuring active and experiential learning. There are more than 130 institutions around the world implementing this initiative whose competencies and guidelines come from engineers in the industry and academy [67,68]. Also, its underlying values are similar to PBL [21] and, ultimately, its purpose is to drive change towards the inclusion and adoption of PBL, SGCs, and active learning [66].



Another feature is that the site has a combination of events and unique characteristics [69] to study instructional change. There are four events of ongoing change processes at different levels that have implications for the adoption of RBIS in the Department. The site selected is immersed in an ongoing curriculum change process at the Department level that started three years before the data collection of this study. In addition, it recently (1 year before) acquired the ABET accreditation, which also entails a curriculum change process. As the Department and school make changes, the university was changing its policies about teaching requirements, promotion, and teaching evaluation. Furthermore, the university was constructing a new engineering building with new laboratories and classrooms. The latter involves changes and reorganization of the administrative staff, logistics, and office spaces. In addition, at the time of data collection the site also had the following unique characteristics that made it interesting for studying an academic system: (1) it was coordinating the implementation of curriculum change initiatives with ten other universities across the Latin-American region, (2) it is one of the oldest electronics department in its country, and (3) it was part of one of the oldest and biggest private universities within its country. This history suggests the ample tradition of its internal systems and allowed us to find faculty that had been part of the Department for more than two decades and had participated in several previous change processes. The aforementioned characteristics speak to the influence the Department had in the electronics engineering academic community in its country.




2.3.2. Data Collection


This process consisted of ten individual interviews and one focus group all facilitated by the first author. Both aimed to elicit opinions, values, and knowledge about the participants’ willingness to adopt PBL and SGCs, and elements of their academic system that affect such adoption. Both were video and audio recorded with the participants’ consent. Each interview was informed by a preliminary analysis of previous interviews where we identified potential feedback loops. This analysis was important to determine the emphasis of the next interview, that is whether it was necessary to explore similar dynamics, connections of similar factors, or try to elicit different dynamics or other factors. After all the interviews, we conducted a focus group following the methodology of Group Modeling Building [20,54]. Its purpose was to discuss, critique, and add depth to the feedback loops identified during the interviews. Figure 2 illustrates the overall process of data collection and analysis to create the CSDM.



The study followed a purposeful sampling [59], drawing participants from the population of 57 faculty members in the selected Department. Seventeen participants were selected to conduct 10 in-depth interviews and one focus group (see Appendix A). This sample represented approximately 30% of the population with varied teaching experience, roles, gender, and workloads. The interview participants were different from the focus group participants. The interviews included faculty who have held administrative positions in the past and included a varied sample of the population. The focus group also included decision-makers for an ongoing international accreditation process in the Department. All data collection was held in Spanish as it was the native language of the participants.



The 1-h interviews consisted of two sections. The first section consisted of open-ended questions related to identifying the factors and reasons that positively and negatively affected the participants’ motivation. The questions were framed into the categories of factors found in the literature review. The result of this section was a list of factors that affected their motivation. The second section of the interview focused on synthesizing the stories about how the dynamics of the system worked (i.e., the dynamic hypothesis [17]) in the form of feedback loops. That is, we aimed to build a CLD with the interviewee. The process is described in the instruments protocol (see Appendix B, Table A2 and Table A3). We conducted a preliminary integration of all the CLDs elicited in the interviews, along with a narrative describing them. We extracted 15 CLDs to analyze, complement, and validate in the focus group.



The 4-h focus group also had two sections; the first involved asking open-ended questions to identify factors that affect faculty motivation, and the second focused on integrating these variables into the CLDs created from the interviews. This focus group involved discussion, complementation, and consensus-building on the description and rationale of the causal loops. The process is described in the instruments protocol (see Appendix B, Table A4 and Table A5).



Both in the interview and the focus group, after explaining the purpose of the second section and the basic notions and notation of a causal loop, from each of the identified factors in the first section, we asked their perceptions on what caused these factors and on the consequences of increasing or decreasing such factors; that is, how other factors were affected by the increase or decrease in these factors. To facilitate the discussion, we stated these factors as variables that could be quantified (e.g., class time using PBL, workload, class size, or motivation) and they were drawn in a diagram. The elaboration of these diagrams was video-recorded with the consent of the participants. Lastly, we asked for the possible links (and their rationale) between the causes and consequences and the other variables in the diagram. The CLDs created in the second sections were a way to synthesize the stories about how the dynamics of the system worked (i.e., the dynamic hypothesis [17]). In short, we elicited factors that affected their motivation, faculty’s perceptions of what caused these factors, the consequences of variations of such factors, and possible links with other factors.



To ensure the quality of the elicited data, we followed the recommendations for a good interview and focus group [20,59]. This included gaining rapport, conducting the interviews in the native language of the participants, maintaining the flow of the conversation in an open communication climate, stating clearly the purpose of the interview, making sure the respondents understood what was expected from them, maintaining awareness of the perceived relevance of the questions, not judging or criticizing their responses, being genuinely interested in the participants’ ideas and opinions, and maintaining reflective listening [20,59]. We conducted three pilot interviews with faculty who were engineering faculty members in Latin America and their native language was Spanish.





2.4. Phase 3: Integration of the Literature and Data Collected


Phase 3 occurred in two steps. First, we analyzed data to add depth, provide evidence, and integrate the CLDs constructed in phase 2. We acknowledged that during data collection, we likely did not capture all the nuances of the discussion in the preliminary CLDs; hence, we conducted a content analysis [70] of the interviews and focus group data. Its purpose was to extract all the factors, causal links, and narratives elicited during the interviews and the discussions within the focus group. To classify the information, we used open and a priori coding. The factors identified in the literature review [14], the five constructs of Expectancy Value Theory [31,32], and the constructs of empowerment and caring of the MUSIC model of motivation [13] constituted the a priori codes. We associated all the codes with the CLDs created during the data collection by checking whether such codes were included in the loops, represented new factors, or explained links between the factors. That is, we decided if a new factor arose, if data substantiated a causal relationship already defined, or if data suggested a new one. The results of this step were refined versions of the CLDs.



Second, we integrated the CLDs created in the analysis of the literature (phase 1) with those created in the single case research (phase 2). Such integration was a comparison between the CLDs plus an interpretation of their similarities and differences. On one hand, similarities between the CLDs indicated that the dynamics were supported by the literature and data. Sometimes causal links between the factors were explicit in both CLDs, and sometimes they added nuances to a causal link identified in a CLD. For example, we found in the literature that class size impacted motivation [41,71], and in the data, we found reasons explaining that such impact was caused mostly by the increased difficulty or ease of implementing the strategies in the classroom. On the other hand, differences between the CLDs of each phase indicated that they represented distinct dynamics. Nonetheless, by combining causal links found in both phases, our iterative process allowed us to identify more robust CLDs. Finally, we simplified those CLDs and created narratives explaining them both supported by qualitative data and the literature. We described thirteen final CLDs in the results section of this paper. All the CLDs combined are the conceptual system dynamics model (CSDM).





3. Results


In this section, we focus on analyzing how factors of the academic system influence faculty motivation. To understand the influence of the interactions of these factors on faculty motivation, we developed a CSDM. The developed model allowed us to identify dynamics that can reinforce or hinder motivation. We present the model in Figure 3. consisting of thirteen dynamics directly influencing faculty motivation. These dynamics are unpacked, detailed, and explained in this section. The narratives explaining the dynamics include validity evidence of each causal link in the form of either quotations from the participants or references to the literature.



The quotations were translated from Spanish and adjusted for clarity. The accuracy of the translation is warranted because the authors of this paper are fluent in both Spanish and English (two of them are native Spanish speakers). Also, because women faculty in the Department are a very small minority, to reduce the risk of showing identified data, we either use a gender-neutral pronoun or a male pronoun to interpret their quotes.



Lastly, in our results and discussion, we are using the term Research-Based Instructional Strategies (RBIS) as an umbrella referring to both PBL and SGCs. We will use the specific terms SGCs or PBL for claims or insights unique to each strategy.



3.1. Time Invested in Covering Content


When professors believe that implementing RBIS does not allow them to cover the required content, they feel less motivated to adopt such strategies. An associate professor illustrates this point: “[I don’t use PBL] because of reduced resources and time. It’s possible to guide a few students,… but with 30 it would be very difficult to apply this methodology. I have used it in courses of 20 students or even 24 and I observed they produced good results, but yet, it took me 3 h of the class to work on a problem [that should have taken me] one hour because I had to give advice to each person…”. In short, this professor argues that they do not use PBL in certain courses because it increases the difficulty of covering all the content.



This belief creates a balancing dynamic (described in Figure 4) that hinders faculty motivation: The more class time dedicated to RBIS, the lesser the content that can be covered and the lesser motivation to adopt RBIS. This dynamic is consistent with previous research which suggests that the perceived difficulty in covering content is a barrier to change [26,39,42,43,44].



This balancing dynamic is reinforced by two other factors. First, if the content, sequence, and timing of the course syllabi were originally designed for lecture-based instructions, it is more difficult to cover the content using RBIS. One reason for this difficulty is that professors are expected to cover all the content [40,42] but RBIS usually require different timing than lectures (e.g., it is possible that small group collaborations require more class time than lectures [42]). A second reason is that faculty are usually expected to follow the defined content sequence with a specific timing [8,34] but RBIS might require rearranging of the sequence of content (e.g., PBL requires students’ self-directed learning and gathering of content that allows the problem’s solution [45]). A program administrator illustrates how difficult is for professors to follow these requirements: “They have to work to try that [the course’ content] is covered. Hopefully, in the way it was designed. Do it as you want, use the strategy and didactic that you want, but follow the syllabus! That is very difficult, very difficult!”.



Second, this dynamic is reinforced when there is an increase in the expected content to cover in class either by curriculum design (e.g., a change in the learning objectives that adds more content to the class) or by a consequence of students not achieving the learning objectives of pre-required classes. Research suggests that when professors cover the content more superficially (likely because they are required to cover more content in less time), it reinforces a surface approach to learning in their students [71], which in turn reduces the likelihood of students achieving the learning objectives in a class. Our analysis suggests that this would likely hinder motivation to adopt RBIS in the subsequent courses. When professors of the subsequent course perceive that students did not learn key concepts they were expecting, they would need to teach such concepts for students to succeed. Consequently, adding more content to cover that would require more class time. An assistant professor exemplifies this reinforcing factor: “when you discover that there are more [topics] that we expect [students] to learn, you have to reduce the quality of the course somehow. In some cases, even adding more topics [to the course]; more topics imply increasing the content to cover”.




3.2. Time on Activities Required for Promotion


In general, professors manage their available time by balancing their teaching, research, and service activities which increases their recognition and their positive professor evaluations. Data suggest that the time on teaching, research, and service activities had two different dynamics that reinforce or hinder faculty motivation depending on the institutional policies (see Figure 5). First, if the institutional policies recognize the adoption of RBIS as part of the professors’ promotion, they will be more motivated to expend the available time on activities that lead to the adoption of RBIS. Conversely, if policies for promotion and continuity do not favor teaching, professors will not likely invest more time to innovate in their teaching, therefore reducing their motivation. Second, research faculty will likely increase their time invested in research or service activities because an increase in funding and publications would increase their recognition and their positive evaluations to satisfy the promotion and recontract requirements. Data suggest that promotion policies that are heavily inclined to research productivity hinder faculty motivation. An associate professor summarizes the effect of such a policy on faculty motivation by stating that faculty who want to advance up the career ladder prefer to invest their time in publishing rather than teaching: “There is a very clear faculty career ladder: you have to publish, or you will not advance in your career. Even if you teach in some focused and effective way, in the end, it is worth much less than publishing an article, so you say ‘I cannot keep doing this because I also need to advance in my professional career’”.



Our analysis suggests that even professors who adopted RBIS previously decided to invest less time in their adoption because it did not help them achieve promotion. Although professors recognized that not adopting RBIS in their courses harmed students’ motivation and learning, they considered that the required time to adopt RBIS was better spent in activities that helped them with their promotion. A professor supported this idea by suggesting that reducing the quality of his teaching does not necessarily hurt his promotion: “To be recognized as an excellent professor I had to make decisions to reduce interaction with students. I believe that my evaluations [of teaching] have gradually decreased… I accepted that it was going to happen… I know I can teach my classes better, but I do just enough to be ok with what they demand from me, and I dedicate more time to what gives me more benefits and more recognition”. In his comments, the professor illustrates that this policy reduces the likelihood of changing their teaching because professors see the time invested in teaching as less effective for their promotion. Even professors who have reduced their teaching evaluation scores do not perceive the effects of this reduction on their overall evaluation and promotion. They tend, then, to be more pragmatic and do what works well enough to have students’ evaluations that are not impacting their promotion.



These findings are consistent with previous research showing that in predominantly research institutions the emphasis put on research in the institutional policies related to tenure and promotion influences the adoption of RBIS [8,9,35] predominantly by the weight the policies put on both teaching evaluations and teaching performance as a condition for decisions of advancement and continuation in the academy.



In summary, university policies for promotion that are heavily inclined to research productivity instead of the quality of teaching reinforce the idea that time invested in adopting RBIS shortens the time on activities required for promotion. These policies create a balancing dynamic that hinders faculty motivation.




3.3. Faculty Workload


Faculty motivation can be hindered because the adoption of RBIS would likely increase the teaching workload due to the increase in preparation of class activities [26,38,43], time for grading, feedback activities [4,8,72], and time to learn its pedagogical principles [37,39]. If faculty perceive an increase in this workload, the usefulness of adopting new practices and activities of RBIS decreases because either the available time to implement them is scarce [8,53,73,74] or investing time in such practices reduces the time devoted to other important activities [12,37,44,75]. This increase creates a balancing dynamic that hinders faculty motivation shown in Figure 5: The more time dedicated in class to RBIS, the higher the workload and the less the motivation to adopt RBIS.



An assistant professor who used to adopt RBIS in his courses commented on how the workload increase has reduced his use of RBIS in class: “[for many reasons] faculty have to increase their teaching hours, but it is more difficult for a professor and more demotivating. We are forced to return to our [lectures], what we have been doing historically…”. In his comments, the professor suggests that increasing the teaching workload hinders motivation because of a combination of two reasons: professors have less time available, thus they will not likely invest the additional time that RBIS would require, and even if they do, such additional time will not increase their positive evaluations. Similarly, another assistant professor suggested that by having more time available, he was more willing to integrate PBL in his classes: “I feel that with more time I will always be able to give more, I will always be able to explain better what I like, I will be able to look for more examples, I will be able to find other books, I will be able to do more simulations, I will be able to propose better teaching strategies. Because that takes time. I know I did it at some point, when I [had lesser workload], I prepared very well my courses; that allowed me to propose courses based on projects”. Having more time available also helped the professor learn more about the content that he is teaching and find ways to make it simpler and easier for students to learn. Conversely, he considers that not having enough time to add depth to the content is limiting the quality of his classes: “I am no longer teaching my classes as before. Before, I taught them more in-depth… the different ways that I can deal with abstract concepts help the students a lot… the way you add depth to your knowledge is year after year, semester after semester. To teach the best I can implies that I can build the content in the most structured way. It seems to me that I have succeeded to some extent in simplifying topics that have traditionally been supremely complex for students. That takes time, and I would like to have a little more time to reach an even greater depth. I think that’s what professors of the best universities in the world do”.



Nonetheless, as it will be detailed further, the potential increase in teaching workload caused by the adoption of RBIS can be reduced over time as a consequence of more time invested in teaching and the practical knowledge it entails. That is, the teaching workload is decreased when the instructor has more and better ideas on which practices are appropriate and feasible, how to be more efficient in providing feedback, and how to be more effective in the logistics necessary to implement RBIS [53,73]. In this same area, an adjunct professor highlighted another effect that institutional policies have on faculty willingness to adopt RBIS. For context, as an adjunct professor, his main income comes from outside the university. Therefore, he is more careful with the time invested in teaching. Acknowledging that class innovations require additional time, he suggested that knowing that he will teach the same courses in the future motivates him to invest time applying innovations in his current courses because he could use those innovations in the future: “Another factor that motivates me is the continuity in the classes they assigned me. For example, I only have one class that I know I will teach every year. In that class, I put the effort to apply innovations. Not so much in the other classes, because of my time and salary… because I don’t know if I will be able to use those innovations later. If they assure me continuity, I will invest time, because I invest in what benefits me in the long term. Otherwise, I will use that time for other things that I need for my income”.



Another factor that increases the faculty workload over time, hence reducing motivation, is their career progression in research. It is expected that the workload will gradually increase when the funding-seeking activities (e.g., proposal writing) are fruitful, leading to more projects to implement and manage while continuously seeking more funding and publications. This means that at the beginning of their career professors would have more time available for teaching, but such availability would be reduced over time due to the gradual increase in their research workload. It is likely, then, that faculty motivation will decrease gradually as the junior professors’ careers advance.



Data suggest that an institutional policy that uses faculty publications as the most important factor in reducing the teaching load hinders faculty motivation. An assistant professor who has a high teaching workload and adopted RBIS in the past highlighted that there is a delay between the proposed projects and the publications, which are the primary promotion requirements: “Bringing in a project does not reduce my teaching workload. University policies are clear: reductions in workload only occur when I have more publications. However, to publish, I need time to work on projects, to propose them, to develop them, and then, I have to wait for the time it takes for the publication to go out…”. Consequently, professors are more inclined to invest their time in activities that allow more publications. Particularly, professors with higher teaching workloads had more difficulty in fulfilling the requirements for promotion. This leads to exhaustion and frustration, and ultimately less motivation.



In summary, the combination of the increases in teaching workload that adopting RBIS entails, the gradual increase in the workload of conducting research, the long delays between initiating research and producing publications, and the promotion policies heavily focused on publications create a feedback loop that gradually reduces the available time and makes career advancement very difficult for professors with higher teaching workloads. Professors with higher workloads, then, are less inclined to adopt RBIS in their courses because, ultimately, additional time invested in teaching will not help them with their promotion. This finding is consistent with the literature, where faculty claim that time is one of their biggest restrictions to engaging in instructional activities [44], therefore the perceived effect of adopting RBIS on the faculty’s workload is one strong barrier to instructional change [53,73].




3.4. Class Size


One of the highly important motivational factors for adopting RBIS is to have a manageable class size [41,71]. Smaller class size increases faculty motivation because it allows professors to provide better and timely feedback, reduces the teaching workload, and increases the ease of implementing RBIS [40,41,76,77].



Our data suggest that smaller class sizes facilitate the adaptation of the strategies and help to have a more positive experience when professors adopt RBIS. An adjunct professor, who uses RBIS regularly, has experienced that a smaller class size facilitates the implementation of RBIS because it allows more time to work with students in class: “… one feels the difference when working with smaller classes: the class flows, the designs flow, the activities flow, we can do activities like sharing, so everyone is engaged and learns from everybody”. Conversely, an increase in class size is a balancing factor affecting faculty motivation because it would make the adoption of RBIS more costly to professors. They illustrated that in large classes the difficulty of using RBIS is bigger compared with traditional instruction, which in turn increases their apprehension to innovate in their classes: “That is one of my biggest fears; it is not possible to teach a class of 36 people using projects. This class size only allows working on small projects, not the design projects we want students to develop”. They believe that using RBIS in large classes will increase their workload up to the point that it is not feasible to use strategies where students design big projects, therefore hindering their motivation to adopt RBIS.



Our system analysis suggests the existence of another dynamic that puts pressure on increasing class size as a consequence of the successful adoption of RBIS (see Figure 6). In the long term, higher adoption of RBIS leads to higher student success [78,79,80], thus higher retention. As Zaini, Pavlov [76] suggested, increased retention numbers tied to a higher quality of teaching increase institutional reputation, thereby increasing enrollment yield and the number of students, and consequently, adding pressure to increase the class size. In the short term, successful adoption of RBIS leads to more students motivated in an instructor’s class, and a better instructor reputation among students, which encourages other students to register for the class (e.g., by word of mouth), adding pressure to increase the class size. As an assistant professor puts it: “The reward for being good at teaching is more work, and the reward for being bad at teaching is less work!”.




3.5. Difficulty in Implementing RBIS


In general, when professors believe that it is easier to implement RBIS, they will be more motivated to adopt these strategies. Data suggest that this perceived difficulty is associated with the number and extent of possible learning activities related to RBIS that students can successfully complete in a course. As acknowledged by an adjunct professor who is willing to use PBL in his second-semester class, having clear ideas of activities or projects that are adjusted to the students’ current level of knowledge increases the ease of using PBL: “What projects can we do? I don’t know; it is not easy… How do I integrate [the course] with PBL?… We need the idea of which project can be proposed, or with which specifications [the students] can develop it”. Conversely, if professors believe that the PBL activities are not feasible for students, they will be less motivated to adopt them, as illustrated by a professor who does not use PBL regularly: “If they have such flaws and I make experiments [using PBL]… and they don’t have the basic concepts… I fear to start doing those experiments, maybe when the course is consolidated, but I see it difficult right now”. Also, professors were more inclined to use traditional instruction in courses with high abstract or theoretical content because they perceived implementing PBL in those courses was more difficult, whereas courses designed around projects instead of content (e.g., capstone design) were perceived as easier to implement PBL. As an associate professor puts it: “It is not that PBL does not produce learning, but it is harder to use PBL in these types of courses which have more theoretical or abstract concepts”.



On another hand, the literature suggests that when a faculty member is motivated to use RBIS, he or she will be devoting more class time to the use of such strategies [4,8,72]. Therefore, there are more opportunities to practice and build knowledge of what is effective for them and the class [80,81]. This leads to an increase in students’ academic motivation [8] and improves the learning environment [13]. The loop closes because when the students’ learning of theory and concepts increases, the activities that students can accomplish also increase, which in turn raises the number of possible activities to implement in a course.



In summary, the ease of applying RBIS brings a reinforcing dynamic affecting faculty motivation; the more ideas of feasible learning activities, the easier it gets to implement RBIS in the classroom and thus professors are more motivated to adopt these strategies. Increased faculty motivation leads to greater RBIS adoption and, therefore, an enhanced students’ learning of foundations and concepts, which in turn increases the number of learning activities that students can accomplish and can be implemented.




3.6. Pedagogical Training


The difficulty of applying RBIS also depends on the faculty’s knowledge or skills about these strategies [8,15,26,82]. Such knowledge shapes faculty beliefs about new teaching methods [15], how students learn [46], and their self-efficacy with RBIS [83]. An associate professor who does not use PBL regularly supported the idea that with more pedagogical knowledge about PBL, he would be more inclined to use it in his course: “If I would know [PBL] well, I would be interested in using it, but only at moments where it is needed… to introduce the concept of what is voltage, what is current, a loop, etc… I don’t know if it is definitively better [to use] PBL at every moment, for example, to explain [those concepts]”.



Commonly, professors motivated to adopt RBIS seek opportunities to increase their knowledge about such strategies [8,26,36,72,84,85,86]. An assistant professor who regularly applied RBIS in his courses and participated in formal and informal training commented on the effect that such training has on providing more feasible ideas and learning activities to implement in the classroom: “I read about pedagogy and found ideas… It is listening to people who have had interesting experiences, to having conversations”.



Conversely, professors who are less motivated to innovate in their teaching are less interested in seeking out or participating in the pedagogical training activities offered by the university. As this assistant professor suggested: “I have perceived in other professors a disinterest in changing… There are people that, semester after semester, with bad evaluations, don’t make any changes in their instructional practices… some are good teachers, they really are very good in the scenario, talking, explaining their topics, they know their content very well, but their classes are essentially the same… they don’t participate in the [training offered by the university]”.



This creates another reinforcing dynamic illustrated in Figure 7: faculty motivated to adopt RBIS are more willing to participate in formal or informal pedagogical training. Such training increased their knowledge about how to apply RBIS in their courses and gave them more ideas about how to use RBIS. The more feasible ideas for applying RBIS the easier it becomes to implement them; hence faculty are more motivated to adopt them.




3.7. Students’ Motivation and Learning


In general, professors will be more inclined to adopt RBIS if they perceive such strategies lead to more motivated and engaged students who achieve the learning objectives of their courses. In other words, the improvement of students’ motivation and learning is a driver of the adoption of RBIS [8,9] if professors perceive that spending more time implementing RBIS in the classroom is more effective than spending time on lectures [52,72,87]. This creates a reinforcing dynamic for students’ learning, students’ academic motivation, and faculty motivation illustrated in Figure 8.



Students’ academic motivation is increased when faculty adopt RBIS either because these strategies enhance students’ success [8] or improve the general learning environment [13]. When students are more motivated, they are more engaged in deep learning activities [80,88], which subsequently leads to better learning [78,80], greater educational gains, higher grades, and greater satisfaction with college [89]. The gains in these outcomes raise both student motivation and faculty motivation. On one hand, students would be more motivated because they would perceive they are more successful, and feel more interested [13,90]; on the other hand, faculty will be more motivated because they would perceive they are more effective in their teaching [52,87]. Motivation theory suggests that this perception increases their success beliefs and utility value [91] of adopting RBIS.



Our data support the existence of this dynamic, as a professor who uses RBIS regularly puts it: “I believe that what motivates me the most is that students learn and develop skills”. However, data also suggest this dynamic has more nuances. These nuances are factors or additional dynamics that mediate or condition either the impact of RBIS on students’ learning or how such learning influences faculty motivation. In short, these dynamics reinforce faculty motivation if faculty perceive that students are learning better and, more importantly, if they attribute this better learning to their implementation of RBIS. The following paragraphs describe these other six dynamics.




3.8. Students’ Engagement in Class


This dynamic represents the positive effect that the adoption of RBIS has on their students’ engagement in class. As noted in Figure 8, the more that students are engaged, the more likely it is that professors will adopt RBIS because they recognize and value that students who are engaged in class are enjoying it and are more motivated.



Professors suggested several reasons why students’ engagement increased when they implemented RBIS. First, RBIS help professors to expose students to real-world problems and contexts [33,45,46], which in turn increases students’ motivation. As an associate professor noted, there is a positive effect of showing how things work on students’ motivation when using one of these strategies in his courses: “In my personal experience, it always has been a cause of great joy to see that things work, that is, that [the class content] is not only theory… To me, when things work, it is really good. I believe that to others it can be good too. Maybe it will not be the same to everybody, but I have seen that many of the students have the same response…”. He also acknowledged how noting this motivation in his students motivated him as well: “The fact that [students] could see [things working] and could experiment… the awe in their faces was really gratifying!”.



Second, professors acknowledged that their students’ engagement increased when they implemented RBIS that involved projects related to daily life experiences: “I proposed students to substitute the final exam for their participation in a national contest. It was a nice experience because the class transformed entirely. That is, I was not the master imparting the knowledge, we started to lay out the project, to read about it, to understand different alternatives to solve it… That was super motivational! Students began to participate, to make their designs, they did spectacular things, the simulations, the model, everything!…”.



Third, professors were motivated when they perceived that their students’ engagement with the class content persists in future courses, as an associate professor of an introductory course in power electronics commented: “I like [PBL] very much, especially when I see that the students have liked it so much and many have followed the specialization of power electronics in the master’s degree”. Expressing a similar opinion, another professor was motivated because alumni have continued in a line of work related to the content taught in the class: “When I see that after graduation at the professional level, they [students] are working in that area and they tell you ‘I am working on this’, and I see they keep working on that area… somehow that makes me happy”.




3.9. Quality and Timely Feedback


This dynamic that increases faculty motivation occurs when professors perceive that RBIS are useful for increasing the quality and timing of the feedback provided to students (see Figure 8). Quality feedback provides students with information about their current state of knowledge and it can guide them in working toward achieving their learning goals [46]. Adopting RBIS will lead to better learning because students receive quality and timely feedback from the professor to correct methodological mistakes, misconceptions, or misunderstandings. As a result, faculty would perceive RBIS as more effective [52] and therefore increasing their motivation to adopt them.



An experienced associate professor who has used RBIS in his classes explained how the timely feedback he provided to the students in class helps them to avoid misunderstandings or myths during the solution of a problem, which helps students learn better: “[Using RBIS] is more effective and efficient… When they develop the problems in class, we reduce the possibility of errors, false ideas, and their “hunting and guessing”. [i.e., trial and error]… it is better for their learning”. This professor also suggested that using RBIS allows to provide quality feedback in class, which in turn reduces the additional time for grading or reviewing students’ work after class: “It is better when I can advise each group in class… there are risks when they are home alone [without someone who supervises them], myths are created, myths that [problems] are solved uniquely. It would take me more time reviewing their work at my office and writing or telling them what to fix”. Both increases in student learning and potential reduction in the workload after class make RBIS more useful and reinforce motivation.




3.10. Students’ Evaluation of Teaching


This dynamic occurs when professors acknowledge that an increase in students’ academic motivation and learning is reflected in more positive students’ evaluation of teaching (SET) (see Figure 9). As mentioned, students learn more because they are more motivated and engaged in the learning activities. Such engagement, complemented by deep explanations of the theory behind the activities provided by the professors, makes it more likely for students to show appreciation for their professor by providing better SETs [79,92,93]. Such appreciation has a positive effect on faculty motivation, first, because if professors attribute the adoption of RBIS to better SET scores, they would perceive RBIS as more effective [8,73]. Other informal demonstrations of gratitude for the use of RBIS shown by students would reinforce such a better perception. An associate professor who has used PBL regularly provided an example of how former students of his course recognize his teaching positively, besides formal SETs, and how this recognition motivates him: “My students finish the course very happy; they appreciate it, they keep writing to me in the following semesters… I see they liked my teaching… that motivates me too because recognition comes from students…”.




3.11. Permissiveness


Although good grades and good SETs are commonly attributed to better students’ motivation and learning [94], we found data indicating a collective belief that such grades and SETs could be attributed to how permissive the professors were with their students instead. This collective belief creates a balancing dynamic that hinders faculty motivation (see Figure 9). If faculty attribute the adoption of RBIS to how permissive the professors were with their students instead of to an increase in students’ learning, they are less motivated to adopt these strategies. In this case, because faculty consider it very important to be recognized as highly demanding teachers, adopting RBIS would go against their identity as academic professors [95]. To many professors, being perceived as permissive questions their overall quality of teaching.



Two circumstances reinforce the belief that associates good grades and SETs with permissiveness. First, is the perception that the overall students’ academic quality is reduced and that such quality is also reduced due to a decreased selectivity in admissions. An administrator who is also an assistant professor shared his perceptions about the first-year students’ academic quality: “Many senior professors believe that it is the students who don’t ‘function’. That is the difference… Everybody perceives it! They say that students come ill-prepared from high school, that every year they’re getting worse… Everybody recognizes this, but everybody knows that we need to teach these students, who are not the same as ten years ago”. Such a perception of reduced quality combined with a sub-par applicant pool from which to select prospective students has increased the pressure felt by professors to increase students’ results, as an associate professor described: “My responsibility as an institution is to elevate [the students] to the point of excellence that I want, at the expense of whatever is necessary, because it is the university’s pledge… if we have to push them [students], then we have to push them… our responsibility is to graduate them with excellence, not only graduate the best we receive… We should admit only the best [students], but we are not in a time of high demand… [the university] is telling us to admit 40 or 80 students with a profile that is not as superior as we were used to 20 years ago… here, the selection is reduced, and we can’t make a long face over it”.



Second, depending on the professors’ perceptions of job security, such pressure increases the likelihood of being permissive with their students, which in turn increases students’ grades [96,97]. The incentives in the system can be highly associated with positive SET scores, that is, professors’ perceptions of job security pressure them to influence high SET scores in students. As studied by [97], our data suggest this pressure could be higher on adjunct faculty, whose contract renewal is partially tied to the SETs. A senior associated professor, who does not use RBIS regularly, illustrated this notion: “When he [a tenured senior professor] teaches a class, he could change the strategy, but he makes sure students are learning what they need to learn, and he is not going to lose his job. If that happens to a professor like [an adjunct professor]… his students complained that the professor was very tough, or something like that. What was the solution? That he will not teach that course anymore. Next semester, another professor is teaching the class… his students told me that he does not have any clue [about the topics]. Students have such power that they could even get a professor fired”. He recognized that such pressure occurs to full-time faculty, and he shared how he unappreciated the SET scores because he believed they are highly related to students’ passing or failing the course: “Those professors have good SETs because the students pass their courses, whereas other professors have bad SET because students fail the course… we must reduce attrition, so what is the solution? To facilitate students passing the course”.



Another assistant professor who sometimes uses RBIS underscores the subjective nature of the SETs: “Those SETs have to be cautiously understood because students don’t really know what the professor has to teach. Students only have a perception from their viewpoint that is not the whole reality”. In his remarks, the professor acknowledges that some professors’ decisions to teach a hard lesson to students are not necessarily convenient, which could affect the SETs. As a senior associate professor who does not use RBIS regularly agreed: “I believe certain professors have the mindset of doing whatever is possible to make students learn. I believe that not everybody is on that mindset because students evaluate you, then if students have a good performance they say ‘that professor is wonderful’ if not…”.



In summary, if professors believe that RBIS are associated with more permissiveness, they will be less inclined to adopt such strategies in their classroom. Such permissiveness is reinforced by the pressures felt by the professors to reduce attrition combined with a perception of the lesser academic quality of their incoming students and that other professors who apply RBIS receive positive SET scores. Conversely, professors who share a belief that good grades and good SETs are the results of an increase in the students’ academic quality are less likely to associate positive SETs with permissiveness in grading and will be more motivated to adopt RBIS.




3.12. Students’ Ability to Succeed with Learning Activities


The dynamic illustrated in Figure 10 occurs when professors assess whether the students have a minimum level of skills to be able to succeed in the proposed learning activities. If the students have this minimum level, professors are more motivated to adopt RBIS in their courses because they expect their students will be successful in the activities and therefore more motivated to learn. Conversely, if professors consider that their students do not have the expected minimum level, they are less motivated to adopt RBIS because they believe students would be frustrated not being able to solve the problems. Such frustration would decrease their students’ motivation, thus reducing learning objectives and skill acquisition, and ultimately hindering faculty motivation. As described by one professor who was willing to use RBIS in his courses, the students’ motivation could be reduced when the academic demands of RBIS increase to a point where students cannot succeed: “If we ask them something outside of their ability, students wouldn’t reach a solution, and they will feel they didn’t learn anything”.



This frustration could not only occur in the students but in the professors as well, which leads to decreases in students’ and faculty motivation in consequence. A senior professor observed this reaction in another professor who was trying to use PBL in his course: “For [him], there is a huge difference [between the expected and actual problem-solving ability of his students], and sometimes he yells because he is frustrated and notices that the students seem like they are not responding to him, and he reacts. Sometimes, that leads to problems with the students. Hence they don’t learn, they are less engaged with the class and the professor, and that will become something negative”.



The fear of the possibility of such a negative effect on students’ learning is a powerful negative motivator. To some faculty, using RBIS with students who do not have the necessary knowledge or skills to successfully complete the proposed learning activities is a risk that they are not willing to take. A professor who uses traditional instruction regularly highlighted this fear: “I have seen in [students] a tremendous number of gaps in knowledge; I fear to start doing such [RBIS] trials … If they have such failures and don’t have the basic concepts, and I start doing experiments… then, there is no guarantee [they learn]”. In consequence, some professors preferred to use direct instruction (i.e., lectures) aiming to increase students’ learning and problem-solving abilities up to the point where students can solve the proposed learning activities by themselves.




3.13. Sense of Urgency to Change


This dynamic illustrated in Figure 10 occurs when professors believe that direct instruction is an effective strategy for students to achieve the learning objectives of their courses. When professors have this belief, there is no apparent, compelling, or urgent reason to change [98,99]. As some change theorists suggest [100,101], an increased sense of urgency is an igniter for change whereas a reduced sense of urgency is a powerful inhibitor of change. An assistant professor illustrates how this belief impacts the sense of urgency; he acknowledges that RBIS works better to increase students learning, but believes that direct instruction also works: “Sometimes I go back a little towards traditional instruction because at the end we have to acknowledge that direct instruction works… we are not going to disregard it, it is only that I have been reducing such component [traditional instruction] because I also know that we learn more when we find our own patterns, when we have an ‘aha’ moment”. The literature suggests that this faculty belief is reinforced because their professors used lectures as the main teaching strategy and they consider it worked effectively for them [74].



This belief creates a dynamic that hinders faculty motivation for two reasons. First, research on learning suggests that the continued use of lectures is less effective in students gaining the required problem-solving abilities, teamwork, or other non-technical skills [53,102]. Thus, it is less likely that by using lectures students obtain the required learning and skills to solve the proposed learning activities or reach the expected learning outcomes, which in turn increases the frustration of both students and faculty and ultimately reduces faculty motivation (see Figure 10). Second, if there is an increase in the students’ learning, professors would attribute such learning to the use of direct instruction, reinforcing the idea that lectures work sufficiently to increase students’ skills even if students have not reached the expected level. Therefore, professors will feel less motivated to change their instructional strategies in class.



However, if professors recognize that lectures are not effective for students to achieve the learning objectives of their courses, the professors’ sense of urgency to change could increase, thereby driving motivation for RBIS. Other mediating variables could also reinforce this sense of urgency, such as market position compared to competitors [74], the acknowledgment of pedagogical evidence that suggests that traditional teaching does not work as successfully [53,86], results of the performance evaluation or feedback from peers and administrators [33,35], or other contexts where faculty acknowledge the need to change (e.g., special reports and participation in education conferences and workshops, the stakeholders’ assessment of students’ learning, or the need for constant improvement) [98].



An assistant professor, whose belief is that RBIS are more effective for learning, acknowledged that he was more inclined to adopt RBIS when he needed to make changes in his courses as a response to his students’ progress: “Courses like mine are constantly under construction; it is not a predetermined course where I can say I came with a topic to explain something. Instead, those are courses that have to change over time according to what [students] are doing. That implies changes. I look for alternatives to my teaching because by default my personal policy is not lecturing, unless there are specific topics where I made presentations of no more than 20 min”. Other professors looked for a balance in the use of RBIS and lectures. An assistant professor who uses RBIS regularly described that sometimes the adjustments in his courses led him to use direct instruction. He believed that direct instruction works to increase students’ learning but acknowledged that RBIS work better. Therefore, he tried to reduce the use of direct instruction but did not avoid it entirely: “Sometimes my adjustments are additional classes, if a class was more of discovery, I give a class with more theory”.





4. Discussion


The previous dynamics model how factors within the academic system can either reinforce or hinder faculty motivation, highlighting a relationship that is neither linear nor directly causal. For example, the size of a class does not consistently correlate with faculty motivation—increasing class size does not always decrease motivation, nor does decreasing class size always increase it. As demonstrated in this paper, smaller class sizes tend to positively reinforce motivation, but increased motivation can also exert pressure to increase class sizes. However, factors such as increased faculty workload may diminish motivation, thus mediating the positive impact of small class sizes. In essence, these dynamics clarify how certain factors exert negative pressure while others exert positive pressure on motivation, and how shifts in motivation can reciprocally influence these factors.



Systems theory suggests the concept of leverage—identifying which relatively small focused actions or changes in structures can lead to significant, enduring improvements [18]. The CSDM can help hypothesize those levers for instructional change by illustrating the dynamic structure of a system.



We acknowledge, however, that without a fully formulated quantitative computer model, it would be very difficult to identify the unintended consequences of decisions and policies, other hidden sources of resistance to instructional change, and ultimately, validate and test the levers [18]. Nevertheless, we could suggest policies that potentially strengthen the reinforcing dynamics of faculty motivation or weaken the balancing dynamics that hinder it. These policies are based on the factors that are central to a dynamic, potentially modify its direction (e.g., create negative links), affect various dynamics, and were emphasized by faculty participants, who also suggested practical ways to modify such factors. Figure 11 shows the model highlighting the factors that lead to the levers.



In this section, we are presenting nine potential levers that could significantly improve PBL and SGCs adoption. Table 1 summarizes these levers. We believe our proposed leverages are in the agency of faculty, departments, and colleges. They are not intended to be comprehensive and their validation merits future investigations.




5. Limitations


The results presented in this document were obtained from the interpretation of the developed CSDM. However, this model has some limitations. First, although the site selected in this study had special features and characteristics that made it suitable for developing a CSDM in a single site, this can also impact the transferability of the model [63]. Our CSDM built in a single site is not expected to be representative of a broader population [103], but its findings could be transferred or replicated into other similar systems [17,65,103] by looking for similar cases and trying to replicate findings from the original study [104] or by looking for a family of social systems to which the particular case belongs and enhance and test the findings [63]. Building a general model would require following a similar method used to build broader theories from multiple case studies [65,69,105], but it goes beyond the scope of this study.



However, the potential transferability of the model to other academic systems is supported by the notion of isomorphism described in the institutional theories of change [6]. Isomorphism theory suggests that “universities with even distinctive missions, have shifted over time to become more similar in character in terms of their student bodies, mission statements, focus on research over teaching, curriculum, and other components that make up the organizations” [6] (p. 38). That is, academic institutions tend to be very similar even in different countries and educational systems. This is not to say that the CSDM will fit perfectly into other academic systems but that it increases the likelihood that some elements of the model, particularly the relationships found in the CLDs, could be illustrative of other systems due to this isomorphism.



Nevertheless, to increase the transferability properties, this study provided good documentation of qualitative procedures [104], thick descriptions [106], and strong relation to the literature [59].



Second, to predict the behavior of the academic factors that increase or decrease faculty motivation to adopt RBIS over time, the model would need to be adapted in specific academic contexts using quantitative descriptions. The levers we suggested are still hypothetical and it is the product of an analysis of the system. Including quantitative descriptions to formulate the SDM [17] would allow a better understanding of the impact and strength of the suggested levers on instructional change. The CSDM in this article provides the first important step to creating a complete SDM by describing how all the variables interconnect.



Third, the proposed CSDM is not exhaustive; the existence of more dynamics that require further investigation is highly possible. Finally, the levers proposed in this document are not exhaustive and are suggested as starting points for developing policies that reduce resistance to instructional change and strengthen faculty motivation.




6. Concluding Remarks


Faculty motivation is arguably the most important factor for sustainable instructional change. We argue that the best way to systemically enact change is to increase faculty motivation to adopt and maintain RBIS in universities (in this paper, we used the term RBIS as an umbrella term for PBL and SGCs). In general, instructional change is more likely to occur and be sustainable when professors are willing to make that change, and academic units are consistently supporting it. Motivating faculty is not a problem that can be solved only with development programs that externally encourage faculty to experiment with new techniques and take risks in their instruction. Instead, such programs must consider the dynamic complexity of academia. This paper uses a systems perspective that models how the dynamics of internal factors of the system interact and ultimately present barriers or drivers for faculty motivation to enact and sustain instructional change.



We found evidence of thirteen dynamics affecting faculty motivation and presented them in the form of CLDs. Their integration constitutes the CSDM: In summary, professors are less inclined to adopt RBIS in their classroom:




	(1)

	
When professors believe that adopting RBIS will reduce the time available to cover content;




	(2)

	
If implementing such strategies does not contribute to their promotion;




	(3)

	
If their workload increases due to increases in research workload, or due to preparation, assessment, and feedback activities involved in RBIS;




	(4)

	
With a higher number of students because it will be more difficult to implement the RBIS;




	(5)

	
If they believe that adopting RBIS implies being more permissive with students;




	(6)

	
When they believe that direct instruction is more effective than RBIS in improving students learning.









Conversely, professors are more inclined to adopt these strategies:




	(7)

	
If they have more feasible ideas about how to use RBIS in their courses;




	(8)

	
When faculty increase their knowledge about how to implement RBIS;




	(9)

	
When students exhibit higher levels of motivation and learning;




	(10)

	
When they witness students actively engaging in class;




	(11)

	
When they recognize that these strategies effectively facilitate their ability to provide students with timely and high-quality feedback;




	(12)

	
When they observe an increase in positive evaluation scores for their teaching performance;




	(13)

	
If students possess the minimum level of skills to succeed in the learning activities.









Finally, we suggest five areas of future work: (1) complementing the model with other dynamics of the academic system, (2) modeling other possible sources of resistance to change, (3) simulating the effect of instructional change policies in the short and long term, (4) applying the results of such models to faculty development programs, (5) formulating a computational systems model to test the suggested levers, and (6) analyzing dynamics of instructional change from the perspective of other stakeholders in the academic system.
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Appendix A. Population and Sample for Data Collection




 





Table A1. Population and sample.






Table A1. Population and sample.





	
Categories

	
Population (57)

	
Interview (10)

	
Focus Group (5)






	
Full-time (27)

	
Full

	
4

	
0

	
1




	
Associate

	
5

	
4

	
1




	
Assistant professors

	
15

	
4

	
2




	
Instructors

	
2 (non-tenured)

	
0

	
0




	
Emeritus Professor

	
1

	
0

	
0




	
Adjunct (30)

	
Non-tenured

	
30

	
2

	
1




	
Experience and formal training with RBIS

	
Introductory

	
23

	
8

	
3




	
Advanced

	
4

	
2

	
2




	
Other demographics (for full-time only)

	
Female

	
4

	
2

	
0




	
Male

	
23

	
6

	
4




	
Senior

	
14 1

	
3

	
3




	
Junior

	
13 2

	
5

	
1








1 Professors with more than 10 years in the Department. 2 Professors with less than 10 years in the Department.












Appendix B. Instrument Protocols


Appendix B.1. Interview Protocol


Appendix B.1.1. First Section


This section will consist of open-ended questions related to identifying the factors and reasons that positively and negatively affect their motivation to adopt RBIS.



The interviewer will introduce the objective of the project, the interview process, and the expected outcome of the interview. The interviewer will emphasize that several questions might prove difficult and that it is expected that he or she may not have all the answers. This includes a discussion about PBL and SGCs and what they represent to the interviewee and defines RBIS as an umbrella term to represent these strategies.



The introduction, faculty motivation, and only one or two of a subset of factors are selected for each interview.





 





Table A2. First Section Interview Questions.






Table A2. First Section Interview Questions.









	Factors
	Open-Ended Interview Questions





	Introduction
	From your own experience or perspective, we are going to list and discuss the academic system´s factors that are promoting or hindering your willingness to implement RBIS in your courses.

Typically, RBIS are not commonly used in engineering, or the most common teaching practice is traditional lecturing.

	
Why do you think this situation persists?








	Faculty

motivation
	[Expectancy of Success]

	
Do you believe the expectations of adopting these strategies are clear?



	
Is the adoption of these strategies challenging to faculty? Why?



	
Do you believe that faculty can succeed in implementing these strategies?





[Utility Value]

	
Do you believe that adopting these strategies is useful? To whom?



	
Does the institution care about whether you implement these strategies?





[Attainment Value]

	
Do you feel interested in adopting these strategies?



	
Do you feel faculty is interested in adopting these strategies?





[Cost Value]

	
Does the institution care about faculty success at implementing these strategies?



	
What are the costs for faculty to adopt these strategies?





[Empowerment]

	
Do you have choices about what you can do?



	
Do faculty have choices about what they can do?



	
Do you believe that faculty are empowered to adopt these strategies? Are they obligated or persuaded to do so?





[Caring]

	
Does the institution care about whether you implement RBIS? Why?



	
Does the institution care about whether faculty is successful in implementing RBIS? Why?








	Category of Factors 1:

Institutional support
	Please describe the support provided by your institution to implement or adopt RBIS.

In terms of structures:

	
What are the resources or infrastructure to support RBIS implementation?



	
What are the policies for training related to RBIS implementation?



	
How does the class content favor the RBIS implementation?



	
How does the timing and sequence of the instruction favor the RBIS implementation?



	
Does the time allotted in class favor the RBIS implementation? Why?





In terms of networking and community:

	
Are there activities intended to create community of practices (working collaboratively around teaching)? Are these activities coordinated? Please describe;



	
How consistent is this support? Please explain;



	
Is it effective, accessible, or enough? Please explain.








	Category of Factors 2:

Faculty

pedagogical knowledge.
	
	
Do you implement RBIS? Never, sometimes, often, always.



	
Do you think faculty implement RBIS? Never, sometimes, often, always.



	
Which percentage of your class time is used in RBIS?



	
What is your level of expertise about RBIS? Aware, familiar, expert? Please explain.



	
What is the faculty level of expertise about RBIS? Aware, familiar, expert? Please explain.



	
Have you participated in activities intended to increase your knowledge or skills about RBIS? Please describe them.



	
Do you think they favor RBIS implementation in your case? Why?



	
Have faculty participated in these activities? Never, sometimes, often, regularly?



	
Do you think the activities favor RBIS implementation for all faculty? Why?








	Category of Factors 3:

Institutional culture
	
	
What are the faculty assumptions about RBIS?



	
What are the institutional assumptions about RBIS?



	
Are they favorable to RBIS adoption? Why?



	
Do faculty value their adoption? Why?



	
What are the collective beliefs, symbols, or attitudes of your academic institution regarding these strategies? Are they favoring the adoption of these strategies? Why?








	Category of Factors 4:

Students

experience
	
	
How do students perceive their academic experience in classrooms where these strategies are implemented?



	
Do you think students favor them? Resist them? Why?



	
Do you think their implementation improves students’ learning? Please explain.














Appendix B.1.2. Second Section




 





Table A3. Second Section Interview Protocol.






Table A3. Second Section Interview Protocol.





	
Context Description

	
Open-Ended Interview Questions






	
This section focuses on building a CLD with the interviewee. The interviewer briefly explains the process of constructing a causal loop and the basic notation. This section is repeated to elicit two or more causal loops.




	
From the first section, the interviewer selects a factor. The factor selected must be defined in a way that can be explained as a variable that increases or decreases. Then they ask these questions:

	

	
Assuming that all other variables in the system are static:



	
Which do you think are the direct causes for the increase in such variables? Why?



	
Or which other variables will increase such variables?



	
What do you think are the direct consequences for the increase in such variables? Why?









	
For each new variable, the questions will be repeated until a loop is found. Then they ask these questions:

	

	
Does this loop make sense to you? Why, or what needs to change in this loop to make sense to you?



	
Does it explain a clear story that relates to a personal experience? Please elaborate.



	
What aspects can be distinguished about the increase or decrease in motivation to adopt these strategies?
















Appendix B.2. Focus Group (GMB) Protocol


Date: _______________________ Hour: ________________ Location: ______________



Number of participants: __________



Roles: Facilitator and modeler: ______________________



Process and content coach: _________________________________________



Recorder: _______________________________________



Gatekeeper: _____________________________________



Notes: This protocol is based on Luna-Reyes, Martinez-Moyano [54].



The modeler should be knowledgeable of the subject matter and will focus on drawing the model and aid in preventing the group from developing a one-sided view of the problem.



The facilitator will ask the questions, guide the group discussion, maintain the flow of the conversations, and take notes on the white board to keep track of the so-called group memory.



The content and process coach will focus on the group process and dynamics; he or she will observe the group and help the facilitator to identify strategies to keep the group effective.



The recorder should take notes that can be used to keep discussion on track and make the final report.



The gatekeeper will be one of the Department´s administrators interested in solving the problem focused on motivating the participants to engage in the group activity.



Appendix B.2.1. First Section




 





Table A4. Focus group protocol—First section.






Table A4. Focus group protocol—First section.





	Steps





	1. The facilitator introduces the concepts of system dynamics and causal loops with a simple and known example.



	2. The facilitator presents the problem to model (to increase the faculty motivation to adopt RBIS).



	3. The facilitator asks the group to identify (individually and then collectively) as many problem-related variables (factors) as possible. The facilitator will show the categories of factors that affect instructional change to help them generate ideas and to focus the conversation. The question to motivate the activity is: What are the key variables affecting faculty motivation to adopt RBIS?



	4. The facilitator will ask the group to discuss why these variables are important.



	5. The facilitator will prioritize and organize the variables according to group consensus. Then, the variables will be organized around the categories of factors. The facilitator will make sure that the definition of each variable is clear to the group.









Appendix B.2.2. Second Section




 





Table A5. Focus group protocol—Second section.






Table A5. Focus group protocol—Second section.





	
Steps

	
Open-Ended Questions






	
For each category of factors, the facilitator presented the different CLDs created in the interviews. Then, they asked the group to discuss and critique the causal loops.

	

	
Do they make sense to the group?



	
Do they explain a clear story that relates to a personal experience?



	
Are there other variables that they consider better explain these loops or extend their narrative?









	
For each new variable, the questions were repeated until a loop was found.

Then, they asked these questions:

	

	
Does this loop make sense to you? Why, or what needs to change in this loop to make sense to you?



	
Does it explain a clear story that relates to a personal experience? Please elaborate.



	
What aspects can be distinguished about the increase or decrease in motivation to adopt these strategies?









	
Each member was asked to connect the key variables of each category within the presented CLDs.

	

	
From the list of variables, which one do they think causes any of the variables in the loop?



	
Which one do they think is caused by any of the variables in the loop?



	
What are the possible explanations for each link?









	
The facilitator combined each response into one diagram and presented it to the group. Then, they asked the group to discuss, explain, critique, and agree with each new connection. After the group reached a consensus, the facilitator presented another CLD found in the interviews and repeated the last two steps.

This second section ended when the group agreed that the model told a complete story.
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Figure 1. CLD Construction Methods. 
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Figure 2. Construction of CLDs. 
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Figure 3. Conceptual System Dynamics Model of Faculty Motivation to Adopt PBL and SGCs. Blue arrows represent positive causal links (an increase in the cause variable leads to an increase in the effect variable) whereas red dotted arrows represent negative causal links (an increase in the cause variable leads to a decrease in the effect variable). 
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Figure 4. Time invested in covering content balancing dynamic. When professors believe that adopting RBIS will reduce the time available to cover content, they will be less inclined (notice the dotted red line) to adopt such strategies in their classroom. 
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Figure 5. Time on activities required for promotion balancing dynamics: Faculty are less inclined to adopt RBIS if their workload increases due to increases in research workload, and/or preparation, assessment, and feedback activities involved in RBIS. Faculty workload balancing dynamics: Professors are less inclined to spend their available time adopting RBIS if implementing such strategies does not contribute to their promotion. To add clarity, previous loops are drawn in light gray. 
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Figure 6. Class size balancing dynamic: Professors will feel less motivated to adopt RBIS in classes with a higher number of students because these strategies can be more difficult to implement. 
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Figure 7. Difficulty in implementing RBIS reinforcing dynamics: A higher number of feasible activities leads to a decrease in the perceived difficulty of using RBIS in class and thus more faculty motivation. Pedagogical training reinforcing dynamics: when faculty increase their knowledge about how to implement RBIS, it will be easier to adopt them. 
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Figure 8. Students’ motivation and learning reinforcing dynamic: Professors are more inclined to use RBIS when students exhibit higher levels of motivation and learning. Students’ engagement in class reinforcing dynamic: Faculty experience heightened motivation and a sense of gratification when they witness students actively engaging in class. Quality and timely feedback reinforcing dynamic: Faculty motivation is enhanced when they recognize that these strategies effectively facilitate their ability to provide students with timely and high-quality feedback. 
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Figure 9. Students’ evaluation of teaching reinforcing dynamics: Professors can be motivated to adopt RBIS when they observe an increase in positive evaluation scores for their teaching performance. Permissiveness balancing dynamics: Professors will be less inclined to adopt RBIS if they believe that adopting RBIS implies being more permissive with students. 
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Figure 10. Students’ ability to succeed with learning activities reinforcing dynamic: Professors are motivated to adopt RBIS in their courses if students possess the minimum level of skills because this leads to higher student success and increased motivation to learn. Sense of urgency to change balancing dynamic: Faculty motivation decreases when they hold the belief that direct instruction is more effective than RBIS in improving students’ learning. 
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Figure 11. Levers for Instructional Change. 
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Table 1. Summary of the nine levers.
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	Levers
	Description





	Reducing the content to cover in classes
	When professors believe that adopting RBIS will reduce the time available to cover content, they will be less inclined to adopt them. If the class content is high, professors would prefer lectures because they are perceived as more efficient in covering content.



	Increasing the value of teaching in the criteria for tenure and promotion
	Placing a higher value on the implementation of innovations in teaching in the criteria for tenure and promotion would create a strong benefit for faculty to invest time in instructional change.



	Controlling the faculty workload
	More teaching workload reduces faculty motivation. The practical experience gained by faculty as they use RBIS can reduce their teaching workload over time, especially with policies that provide novice adopters enough time to implement RBIS effectively and allow them to teach future iterations of the same course.



	Controlling the class size
	A manageable class size increases faculty motivation. Larger class size is highly correlated with greater difficulty implementing PBL, lower student motivation and engagement, more faculty workload, lesser SET scores, a reduction in the timely and quality feedback that can be provided in the classes, and a less positive experience adopting RBIS.



	Implementation of formal pedagogical training on how to implement RBIS in their classroom
	Faculty motivation can be increased through formal pedagogical training focused on the pedagogical principles that explain why RBIS work and how they can be easily implemented in the classroom. This, in turn, supports a more positive experience adopting RBIS.



	Reducing the association between RBIS and permissiveness
	Faculty will be more motivated if they attribute good student evaluation of teaching scores to an increase in student learning as a consequence of adopting RBIS, instead of an increase in permissiveness or leniency with students as an effort to reduce attrition.



	Recognize faculty who adopt RBIS
	Faculty will be more motivated if they believe that adopting RBIS increases their recognition as better teachers.



	Demonstrate the effectiveness of adopting RBIS
	Faculty motivation can be enhanced when they are convinced that RBIS effectively enhance learning and engagement. This conviction can be reinforced by gathering evidence, both from their current and future classes, demonstrating that student learning, engagement, and success in class activities improve with the adoption of RBIS.



	Increasing the sense of urgency
	A powerful initiator of instructional change is the conscious urgency of the need for change. Faculty motivation could increase if professors believe that lectures are not effective enough for students to achieve the learning objectives of their courses.
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