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After acquiring knowledge of the neuroscience of learning, memory, stress and emotions, teachers incorporate more cognitive engagement and student-centered practices into their lessons. However, the role understanding neuroscience plays in teachers own affective and motivational competencies has not yet been investigated. The goal of this study was to investigate how learning neuroscience effected teachers’ self-efficacy, beliefs in their ability to teach effectively, self-responsibility and other components of teacher motivation. A pilot training-of-trainers program was designed and delivered in Liberia combining basic neuroscience with information on social, emotional, behavioral and mental health issues faced by students. Tier I of the professional development was a 2 weeks workshop led by a visiting neuroscientist. A subset of the 24 Tier I secondary science teachers formed a Leadership Team who adapted the content to the Liberian context and subsequently led additional workshops and follow-up sessions for the Tier II secondary science teachers. Science teachers in both tiers completed the affective-motivational scales from the internationally vetted, multiscale Innovative Teaching for Effective Learning Teacher Knowledge Survey from the OECD. Tier II teachers completed the survey in a pre-post-delayed post design. Tier I teachers completed the survey after the workshop with their attitudes at that time and separately with retrospective projections of their pre-workshop attitudes. Ten of the 92 Tier II teachers participated in structured interviews at follow-up. Statistical analysis of survey data demonstrated improved teacher self-efficacy, self-responsibility for student outcomes, and motivation to teach. Qualitatively, teachers expressed more confidence in their ability to motivate students, engage them through active learning, and manage the class through positive rather than negative reinforcement. Teachers’ own self-regulation improved as they made efforts to build supporting relationships with students. Together, these results demonstrated that (i) teacher affective-motivational attitudes can be altered with professional development, (ii) basic neuroscience, as knowledge of how students learn, can improve teacher competency, and (iii) a training-of-trainers model can be effective in a low and middle income country for disseminating neuroscience knowledge, increasing teachers’ knowledge of students’ social and emotional needs, and promoting educational improvement.
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INTRODUCTION

Seminally, Shulman (1987) divided the knowledge base needed by teachers into seven categories: content knowledge, general pedagogical knowledge, pedagogical content knowledge, curricular knowledge, knowledge of learners and their characteristics, knowledge of educational systems and contexts, and knowledge of educational theories and philosophy. Regarding knowledge of learners, Shulman (1986) states “aspects of physiology are apparently deemed necessary because of the expectation that teachers understand the biological functioning of their pupils.” Neuroscience provides teachers with knowledge about how learning occurs in the brain, a topic that falls within the knowledge of students category. More recently, neuroscience was recognized as providing fundamental contributions to knowledge of the learning processes and knowledge of individual student characteristics (Voss et al., 2011). Knowledge of learning processes encompasses understanding memory and information processing, cognitive development, motivation and attention—elements of contemporary neuroscience (Posner and Rothbart, 2007; Voss et al., 2011). Knowledge of individual student characteristics includes specific learning disabilities, such as ADHD, with defined neurobiological bases (MTA Cooperative Group, 1999; Voss et al., 2011). Neuroscience provides a biological basis for how learning occurs in the brain and as such should function to inform theories of learning (Meltzoff et al., 2009; Ansari et al., 2017). Indeed, calls have been made to make neuroscience a part of pre-service teacher education and in-service professional development as part of teachers’ knowledge of students, where it compliments theories of learning from cognitive science and psychology (Dubinsky et al., 2013; Ansari et al., 2017).

Professional development in neuroscience has been demonstrated to increase teacher content knowledge as well as confidence in and use of student-centered pedagogy (MacNabb et al., 2006b; Roehrig et al., 2012). This was true for science teachers and non-science teachers (Schwartz et al., 2019). After attending a series of neuroscience seminars, teachers embraced the content as relevant to their practices (Dommett et al., 2011). Even a short 90 min exposure to neuroscience ideas may produce changes in teachers’ intended classroom practices (Howard-Jones et al., 2020). Prior data (Dubinsky et al., 2019) suggest teachers’ may also provide students with more social and emotional support following neuroscience professional development (PD), but this has not been studied explicitly. Thus, knowledge of how learning occurs in the brain has the power to influence teachers’ thinking about their students and practices. However, the effect of neuroscience training upon established measures of teacher competence have not been previously reported.

Teacher’s competence has been described to “comprise all the required cognitive knowledge for creating effective teaching and learning environments” (Guerriero, 2017b). The international Innovative Teaching for Effective Learning (ITEL) project was designed to assess in-service and pre-service teachers’ professional qualities (Baumert and Kunter, 2013; Blomeke, 2017; Sonmark et al., 2017). ITEL expanded upon Shulman’s (1986, 1987) ideas and conceptualized teachers’ competence as falling into the three broad areas; pedagogical knowledge, opportunities to learn, and affective-motivational attitudes (Guerriero and Revai, 2017; Sonmark et al., 2017). These broader competencies incorporated ideas that go beyond pedagogy and content to address teacher attitudes toward their own learning, motivations and aptitudes (Blomeke, 2017). Teacher competencies and classroom actions are both cognitive, knowledge based and affective, intuitive, and goal driven (affective-motivational) (Blomeke, 2017; Sonmark et al., 2017). The context-dependent choices teachers make are based upon their beliefs about both teaching and their own abilities (Sonmark et al., 2017). Teachers’ own emotional or affective states become central to the process of encouraging and optimizing student learning (Sonmark et al., 2017). Teachers’ social and emotional behaviors set the tone for classrooms. Poor social-emotional skills can exacerbate poor student outcomes while teachers who are competent in these areas can effectively promote social, emotional and intellectual learning among their students (Osher et al., 2012). The ITEL project teacher knowledge survey (ITEL-TKS), based upon these competency dimensions, incorporated many previously developed constructs measuring teacher characteristics (Sonmark et al., 2017). ITEL-TKS operationalized the affective-motivational dimension with scales exploring teacher self-efficacy (TSE), self-responsibility, personal motivation and commitment to teach, goals, and beliefs about instruction and classroom management (Sonmark et al., 2017). As an internationally validated instrument, the ITEL-TKS framework and affective-motivational scales were selected for use in the current study of the effect of neuroscience PD.

The influence of neuroscience on a range of teachers’ attitudes was studied as part of a training program combining neuroscience and mental health (MH) education to secondary science teachers in Liberia. The program’s intent was to improve teachers’ ability to recognize and support students with social, emotional, behavioral or mental health issues. We reasoned that the MH content would be best understood after building a foundational knowledge of how the brain worked. The workshop had two main goals. The first was to influence teachers’ attitudes toward persons with MH concerns by providing the background needed to understand student MH issues and to provide referrals to local MH clinicians (Weist et al., 2017). The effects of the combined training on teachers’ attitudes toward mental illness (MI) appear elsewhere (Brick et al., 2021). The second goal was to promote teacher beliefs about their abilities to motivate, engage and involve students in active learning, as aligned with the goals for Education for Sustainable Development (Ahmad et al., 2018; Education 2030, 2018). The latter goal required providing teachers with knowledge about the workings of the brain, a subset of the broader category of knowledge of students. This paper focuses on how the combined neuroscience and MH training may have altered teacher affective and motivational attitudes toward their perceived ability to reach and engage students.

To that end, a professional development program was designed and piloted to provide Liberian secondary science teachers with an intellectual foundation for understanding student social, emotional and behavioral needs combined with modeling of inclusive pedagogical practices. The content focus was neuroscience, content included in the Liberian secondary school curriculum that would also advance interest in STEM, a stated economic need for African development (African Development and Bank, 2020). On a theoretical level, neuroscience and MH were viewed as part of knowledge of students (Shulman, 1987). The MH portion of the intervention was designed to promote teacher recognition of and response to social, emotional and behavioral student issues (Pacione and Cooper, 2014). In this frame, the workshops were designed to influence teachers’ professional competence in the affective-motivational aspects of their overall teaching (Guerriero, 2017a).

Understanding both the neuroscience of learning and memory and students’ social, emotional and behavioral issues comprise different aspects of knowledge of students and their characteristics. As such, this information would be expected to influence teachers’ self-efficacy (TSE), their attitudes and beliefs around instructional strategies, classroom management, and student engagement. Viewing TSE within the larger dimension of teacher affective-motivational attitudes (Sonmark et al., 2017), the current study examines how this PD altered teachers’ own attitudes, including their beliefs, self-efficacy and motivation for teaching. A priori, there were no expectations that other components of the affective-motivational attitudes, besides TSE, would be altered. Both qualitative and quantitative approaches were employed to analyze how science teachers in a low and middle income country (LMIC) responded to a combined neuroscience and MH PD workshop. The workshops were structured as a training-of-trainers model so that the majority of teachers would be trained by their Liberian peers, seeding local communities of practice (Westbrook et al., 2013; Kohrt et al., 2015; Chikunda, 2018). The specific research questions were:

(1) What was the fidelity of the Tier I to Tier II intervention?

(2) Did Tier I and Tier II teachers learn neuroscience sufficiently to become confident in that knowledge?

(3) How did both Tier I and Tier II trainings effect teacher affective-motivational attitudes?



MATERIALS AND METHODS

A mixed methods approach was used to assess the efficacy of a training-of-trainers PD program in neuroscience and mental health for Liberian secondary science teachers. Quantitative survey data was collected from teachers in both tiers regarding their confidence in their knowledge of neuroscience and their affective and motivational attitudes toward teaching. Qualitative data from structured interviews was collected from a subset of Tier II teachers on how they applied this knowledge in their practices.


The Liberian Context

Liberian teachers have unmet emotional needs from traumas suffered in the civil war (1989–2003) and the Ebola epidemic (2013–15). In Liberian culture, teachers assume multiple roles beyond implementing the curriculum: acting as counselors, builders of the peace, medical personnel and psychologists (Adebayo, 2019). Administrators acknowledge these Herculean expectations but have not provided strategies or training to accomplish all these tasks (Adebayo, 2019). Education lost much of its resources, and subsequently value during the civil war. PD provides tangible, emotional support for teachers, validates their worth, and improves their skills to handle the social, emotional and intellectual needs of their students (Westbrook et al., 2013). What remains to be determined is how to deliver effective PD that combines content with training on social-emotional development and inclusive teaching practices in a low-resource environment.

Improving teacher quality through ongoing PD remains a key ingredient for addressing the educational inadequacies in Liberia (Fashina, 2017). During early post-civil war years, some teacher training programs emphasized active learning classroom strategies, but how widespread this process was or continues to be has not been documented (Barrios-Tao et al., 2017). The principle focus from international PD efforts has been on raising reading rates through elementary school teacher training (King et al., 2015; Gove et al., 2017). Examination of effective teaching practices across LMICs revealed that improving teacher communication encourages interactive pedagogies that increase student learning outcomes (Westbrook et al., 2013). Specific strategies include supporting students with feedback in a safe environment and relating content to local contexts and experiences. Group work, discussions, questioning, demonstrations, explanations, use of models and materials beyond the textbook, and use of local languages were identified as effective practices within these strategies. A key finding in this study was the need to align teacher education and PD to promote widespread use of these pedagogical practices (Westbrook et al., 2013). For secondary teachers in Liberia, the limited, available PD has been provided mostly by NGOs, with internal evaluations subject to Ministry of Education and donor requirements.



Program Description

This pilot project was designed to train a cadre of Liberian science teachers in the neurobiology of learning and memory, emotional processing and stress, and the etiology of epilepsy and PTSD using best pedagogical practices (Darling-Hammond et al., 2017) and lessons designed for high school classrooms (Dubinsky et al., 2019). In this two tiered plan, a visiting neuroscientist delivered a 2 weeks workshop for Tier I teachers who then adopted the material for the Liberian context, delivered a series of 1 week workshops and trained additional Tier II Liberian teachers. The training-of-trainers model was selected for its ability to leverage existing local community knowledge and assets (Kutcher et al., 2016). Similar training-of-trainers models had been used in prior programs (Kohrt et al., 2018). Tier I training occurred in August 2018, and was comparable to a successful neuroscience teacher PD program in the United States (MacNabb et al., 2006b; Roehrig et al., 2012; Dubinsky et al., 2019; Schwartz et al., 2019). Lessons plans and resources used in the workshop were drawn mainly from open internet neuroscience resources (MacNabb et al., 2006a; SFN, 2019), as recommended for educational improvement in Sub-Saharan Africa (Wolfenden et al., 2012). The project represents a partnership between The Carter Center Liberia, the Ministry of Education, the Peace Corps Liberia, and local schools.

Content for both tiers included understanding the basic neuroscience of brain function and the dysfunction associated with neurological and mental disorders, modeling student-centered teaching practices including experimentation, and improving the pedagogical expertise and confidence of teachers through reflection and discussion. Tier I teachers engaged in role play and practice teaching as well. Additional content for the Tier II trainings was adopted from the Manuel of School Mental Health for Liberia (Pacione and Cooper, 2014), the Good Schools Toolkit (Devries et al., 2015) and 80 min of appropriate TedTalk and internet videos on neuroscience, recognizing and overcoming MH issues and addiction, and building relationships with students. The curricula addressed three of the five domains established for teacher PD recommended in LMICs; namely, content knowledge (neuroscience), teaching skills (modeled student-centered pedagogies) and classroom management (modeled student engagement) (Ginsburg, 2011; Pacione and Cooper, 2014). The domains of student assessment and professional ethics were not applicable to the current project (Ginsburg, 2011). Detailed content comparisons between the two tiers are presented in Results.

Eight Tier I teachers (chosen based upon knowledge, experience, availability and proximity to Monrovia) formed the Leadership Team to plan and deliver the Tier II workshops. A staff member, an Assistant Minister of Education and a Peace Corps Volunteer with 2 years teaching experience in Liberia served as co-coordinators and members of the Leadership Team. The co-coordinators coached and acted as mentors for the rest of the Leadership Team, wrote a knowledge test, and collected data. The Leadership Team delineated the content in the 5 days intensive Tier II workshops. Three Tier II workshops occurred in Monrovia and one in Kakata during fall of 2018. Based upon teacher feedback, the Leadership Team organized and ran four additional two-day follow-up Refresher sessions at local schools 3–5 months later. Refreshers included a day of practicum teaching plus a day of reflection, discussion of successes and challenges, a virtual question and answer session with the visiting neuroscientist, and collection of further data. Throughout this process, the Leadership Team discussed their own vision for the program and regularly met with representatives of the Ministry of Education for guidance.



Participants

The Tier I workshops were attended by seventeen practicing secondary science teachers and seven master teachers working for the Ministry of Education who focused on science initiatives and training (Table 1). Ninety-two secondary science teachers attended the Tier II workshops. In keeping with Liberian traditions and as a gesture of respect and partnership, the Ministry of Education Office of Science Education selected Principals of secondary schools within the Monrovia Consolidated School System and Kakata Government Schools and requested one or two teachers be sent for training. Teachers represented a range of communities, educational backgrounds and experience (Table 1). Teacher training institutes were closed or defunct during Liberia’s civil wars, with the major teacher training institutes not graduating teachers between 1979 and 2009 (Williams, 2011). Many teachers left Liberia during the war or died. Workshop participants were representative of the current population of secondary school science teachers.


TABLE 1. Participant characteristics.

[image: Table 1]All participants voluntarily and formally consented to be a part of the workshop outcome study, conducted according to IRB protocols approved both by the University of Liberia and Emory University. Teachers were assigned numerical identifiers to use instead of their names on all surveys and assessments.



Survey Instruments

Quantitative data comprised surveys teachers completed to examine changes in their knowledge and attitudes. A pre-post-delayed post design was employed. Qualitative interviews were conducted with a subset of Tier II teachers at one Refresher to further examine how teachers felt about the program and what may have changed in their teaching as a consequence. Survey scales were chosen to examine participants’ neuroscience knowledge and their confidence in teaching neuroscience content (MacNabb et al., 2006b). The affective-motivational scales of an internationally vetted instrument, the ITEL-TKS, were chosen to capture TSE and other attitudes and teacher beliefs (Sonmark et al., 2017). A few additional scales were selected from the TALIS project (OECD, 2008). Data collection was incomplete for the following scales which were not reported: TM_ESL Teacher Self Efficacy for Student Learning, TM_PD Professional Development, and TALIS 42 Classroom practices. Tier II teachers completed the surveys at the beginning and end of their workshops and on day two of the Refreshers. Tier I teachers completed the pre assessment at the end of the workshop after they had taken the post-assessment. This constituted a retrospective pre-assessment in which initial attitudes were judged relative to the final attitudes, avoiding initial overconfident self-assessment (Levinson et al., 1990; Bhanji et al., 2012).



Quantitative Analysis

After reverse coding appropriate items, Likert scale survey responses from each of the 12 scales and their associated subscales were calculated according to the following equation: Xk = (1/Ni) [image: image]xij, where Xk represents the mean score on scale k, xij represents the Likert response of teacher i on item j, Ni represents the number of teachers, and Nj represents the number of items in scale k. Data from all Tier II workshops were aggregated. For all rating scales, the valence has been adjusted so that larger values represent more agreement or greater ability. Comparisons between post and retrospective pre time points for Tier I were made using two-tailed t tests (Graphpad Prism, version 6.1). Comparisons among pre, post and Refresher time points for Tier II data were analyzed using one-way ANOVAs followed by Tukey’s multiple comparison post-tests (Graphpad Prism, version 6.1).



Qualitative Analysis

On the second day of one of the Refresher sessions, two Leadership Team members interviewed 10 Tier II teachers. The interviews were conducted in Liberian English using a structured interview protocol. Interview questions explored how teachers viewed their roles, student behavior and MH issues, changes, successes and challenges of their teaching and feedback on the trainings. Conversations were digitally recorded, transcribed and annotated prior to coding. Interviewers kept written field notes.

Interviews were initially coded using NVivo 12. A codebook was developed using a framework analysis approach, including an iterative reading of the interviews to generate codes (Saldana, 2016). Additional codes based on the study objectives were subsequently added. Two authors separately coded all interviews, using the field notes for context. Three authors then iteratively discussed and recoded the data until consensus was reached. Independently, two authors summarized the coded data in written form. These summaries were further discussed, edited and combined until themes emerged and consensus was reached.



RESULTS


Fidelity of the Training

To assess the fidelity of the messages delivered during the Tier II workshop (research question 1), the schedules for the Tier I and Tier II workshops were compared. Considering the different activities, lectures, discussions, experiments, etc., for each, the Tier II workshops covered approximately 50% of the same material as the Tier I workshop. This includes the majority of neuroscience content, seven active learning exercises, daily reflections on the workshop and discussions of how to apply neuroscience to classroom teaching. For the neuroscience content, the Leadership Team slide presentations were edited by the Tier I instructor who answered questions and coached the presenters by email. Critical content on synaptic function and plasticity, learning and memory, neuronal circuits, cognitive function, emotional processing and decision making were similar. Lectures on brain injury and illness and epigenetics contained less mechanistic detail. Autonomic nervous system and adolescent brain development were covered in internet videos. Two Tier I content lectures had a different focus in Tier II: the introductory lecture shifted from a molecular focus to a review of neuroanatomy and neuronal structure and function. The detailed physiology of the stress response became more of an overview with practical applications regarding class disciplinary activities. The Tier II training added presentations on drugs of abuse, how to recognize behavioral and MH issues in a classroom and how to refer students to the MH clinicians (Pacione and Cooper, 2014; Devries et al., 2015). Additional internet videos illustrated recognizing and dealing with mental health needs for oneself and students through personal stories of resiliency and recovery. Two hands-on activities included in the first two Tier II workshop were subsequently dropped in the remaining Tier II workshops to provide more time for discussions. As a longer training, the Tier I workshop included 3 days of practicum teaching, three demonstration experiments, two more discussions of how to apply neuroscience to education, three additional daily reflections on workshop content, a gallery walk, a concept mapping exercise, and three review games that were not part of Tier II.

The Tier I and II workshops briefly discussed the distinctions between direct and constructivist instructional practices. Student-centered, active pedagogies were modeled in both. Teachers were asked to reflect upon the differences between what they experienced in the PD and how they themselves taught. In the practicums, teachers were given feedback on how they delivered a lesson of their choice. During the Tier II workshops and Refresher sessions, teachers openly discussed pedagogical practices.



Confidence in Neuroscience Knowledge

To be able to teach or apply ideas from neuroscience effectively, teachers need to be confident in that knowledge. This was achieved for both Tier I and II participants. Both Tier I and Tier II teachers demonstrated gains in neuroscience knowledge (Brick et al., 2021). Beyond this knowledge gain, teachers in both cohorts expressed an increased confidence in understanding different neuroscience concepts and their ability to teach neuroscience to others (Figure 1). Initial analysis of teacher’s daily reflections indicated that they comprehended the neuroscience content covered each day, confirming a basis for their confidence gain.


[image: image]

FIGURE 1. Teachers’ self-confidence ratings on their knowledge of neuroscience (A,B) and their ability to teach neuroscience (C,D). Both Tier I (A,C) and Tier II (B,D) teachers significantly increased their self-confidence on all content items (Bonferonni post-tests all p < 0.05 or better after two way ANOVAs: (A) p < 0.0001 pre to post, p < 0.001 for item, ns interaction. (B) p < 0.0001 pre to post, p < 0.05 for item, ns interaction. (C) p < 0.0001 pre to post, ns for item, ns interaction. (D) p < 0.0001 pre to post, ns for item, ns interaction). Bars are mean + sem; Tier I N = 21 pre, 24 post, Tier II N = 37 pre, 13 post.




Measures of Teachers’ Affective and Motivational Competency

Teachers in both tiers responded to an extensive survey on various aspects of affective-motivational competencies (Sonmark et al., 2017). Survey scales probed their self-efficacy, motivations for teaching, sense of responsibility and self-assessed instructional quality (Tables 2, 3).


TABLE 2. OECD Scales included in the Tier I teacher survey.

[image: Table 2]
TABLE 3. OECD Scales included in the Tier II teacher survey.

[image: Table 3]Both Tier I and Tier II teachers significantly increased their self-efficacy ratings as a result of the training (Figure 2). For Tier I teachers, this was true of all subscales (Figure 2A). For Tier II teachers, significant increases appeared for the student engagement subscale, but not the subscales for instructional strategies and classroom management (Figure 2B). In addition, at the Refresher time point for Tier II, the increased self-efficacy ratings were not sustained.
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FIGURE 2. Teacher Self-Efficacy ratings for Tier I (A) and Tier II (B) teachers on both full TSE scales and subscales for Student Engagement, Instructional Strategies, and Class Management. Gains in TSE were made during the workshop for both Tier I and Tier II teachers (Tables 2, 3). Pre (gray) represent retrospective pre ratings for the Tier I teachers and pre-workshop ratings for the Tier II teachers. Boxes represent 25th to 75th percentiles with an internal bar at the median. Whiskers delineate maximum and minimum data points. Tier I N = 23 pre, 24 post; Tier II N = 45 pre, 38 post, 56 refresher.*, **, ***, and **** represent p < 0.05, 0.01, 0.0001, and 0.00001, respectively.


On teachers’ personal motivations to teach (TM_M scale), Tier I teachers’ ratings significantly increased at the end of the workshop but Tier II teachers’ ratings did not increase until the Refresher time point (Figure 3). Both tiers of teachers increased their self-assessment that they have the abilities and qualities of a good teacher (Ability Subscale). Changes on the personal motivation scale and subscales largely reflected a decreased variability as the ratings clustered more tightly at the top of the scales with time. This is most clearly demonstrated by Tier II teachers’ responses regarding their interest in and liking of a teaching career (Intrinsic Career Values). At the Refresher time point, Tier II teachers also felt that teaching provided a secure, stable career path (Extrinsic Career Values). After the workshop, Tier I teachers agreed more with statements regarding the ability of teachers to contribute to society by positively impacting the next generation (Social Career Values).


[image: image]

FIGURE 3. Teachers Motivation to Teach ratings for Tier I (A) and Tier II (B) teachers on both full TM_M scales and subscales for Teaching Ability, Intrinsic Career Values, Extrinsic Career Values and Social Career Values. Gains in Teacher Motivation were made more for Tier II than Tier I teachers (Tables 2, 3). Pre (gray) represent retrospective pre ratings for the Tier I teachers and pre-workshop ratings for the Tier II teachers. Boxes represent 25th to 75th percentiles with an internal bar at the median. Whiskers delineate maximum and minimum data points. Tier I N = 23 pre, 23 post; Tier II N = 44 pre, 38 post, 56 refresher.*, **, ***, and **** represent p < 0.05, 0.01, 0.0001, and 0.00001, respectively.


One component of motivation is how teachers view their professional responsibilities regarding different aspects of their teaching, ranging from how well they motivate and interact with their students to promoting student performance through quality teaching. Changes on the scale of Teacher Self-Responsibility (TM_SR) were slow to occur. Among Tier I teachers, improvement was registered on the subscales of Relationships with Students at the end of the workshop (Figure 4A). For Tier II teachers, improvements on the full scale and all subscales occurred at the Refresher time point (Figure 4B).


[image: image]

FIGURE 4. Teachers Self-Responsibility for Teaching ratings for Tier I (A) and Tier II (B) teachers on both full TM_SR scales and subscales for student motivation, student achievement, relationships with students and quality of teaching. Gains in Teacher Self-Responsibility were principally made for Tier II teachers at the Refresher time point (Tables 2, 3). Pre (gray) represent retrospective pre ratings for the Tier I teachers and pre-workshop ratings for the Tier II teachers. Boxes represent 25th to 75th percentiles with an internal bar at the median. Whiskers delineate maximum and minimum data points. Tier I N = 22 pre, 24 post, Tier II N = 41–44 pre, 38 post, 56 refresher. For the post tests, *, **, ***, and **** represent p < 0.05, 0.01, 0.001, and 0.0001, respectively.


Consistent with these changes in Self-Responsibility, at the Refresher time point, Tier II teachers significantly increased their ratings on their Goals for Relationships with Students (TM_SG, Table 3). After the workshop, Tier II teachers increased their ratings on their Social Support for Students (IQ_IQ, Table 3).

To address teachers’ ability to provide social and emotional support for students, the following group of scales and subscales contained questions pertinent to some aspect of student support: Self-efficacy and all 3 subscales (TM_TSE), Goals for teacher-student relationships (TM_SG), Self-responsibility for relationships with students (TM_SR subscale) and Social support for students (IQ_IQ subscale). Of these seven measures, as a group, Tier I and II teachers each changed significantly on five of them (Tables 2, 3).

At the Refresher time point, Tier II teachers registered significant increases regarding their self-responsibility for student motivation and achievement and for the quality of their teaching (Table 3). Tier I, but not Tier II, teachers significantly increased their overall enthusiasm for teaching (Tables 2, 3). Significant increases were registered on the classroom management scale by Tier I teachers and on the Dealing with Disruption scale by Tier II teachers. Tier II teachers significantly improved their overall ratings on the Beliefs scale whereas Tier I teachers’ beliefs changed only on the Direct Transmission Beliefs subscale. Tier II, but not Tier I, teachers registered a small gain in their Goals for teacher-student relationships. No changes occurred in either tier on the scales measuring their planned persistence to continue teaching, understanding of assessments, willingness to invest personal time, and the full instructional quality scales (Tables 2, 3).



Teacher Interviews

Qualitative analysis of the Tier II teacher interviews uncovered three major themes, variously related to the affective-motivational scales. First, teachers demonstrated more confidence in their ability to reach all students and motivate them to learn, a theme that aligns with teacher self-efficacy and self-responsibility for student engagement, consistent with their ratings on the TSE and Self-responsibility scales. Second, teachers employed more student-centered pedagogical practices, an instructional strategy. Lastly, teachers increased their own emotional regulation and adapted their behaviors to prevent classroom disruption through engaging all learners, a theme aligned with TSE in the realm of classroom management.


Teacher Self-Efficacy and Self-Responsibility

TSE encompasses teachers’ beliefs that they can effectively engage students to learn using appropriate instructional strategies and classroom management (Tschannen-Moran and Hoy, 2001). All teachers commented upon their broadened pedagogical skills, indicating more competence and greater self-efficacy beliefs. This change in TSE was evident from their embrace of more participatory pedagogy and their decreased use of punitive discipline, as described below. Teachers felt they now had the skills to address the needs of all students, through allowing students to ask questions, discuss, and interact and through giving responsibility for learning to the student (Table 4). The definitiveness of these statements attests to the way they have internalized the instructional strategies modeled during the workshops and have incorporated them into their own practices. Teachers’ statements revealed they were able to predict student reactions when they employed these new techniques. Beyond recounting their newly adopted instructional strategies, they also commented upon their successes in student engagement and classroom management. Teachers described engaging students in the lesson through including their voice and participation in the topic to be taught; “Because by breaking them into the class discussion, you will feel a part and everybody got their own strength.”


TABLE 4. Pedagogical skills acquired during the trainings.

[image: Table 4]The training led to teachers taking time to analyze, reflect upon, and articulate their own roles in the classroom. The change in roles was clearly described by one teacher: “now, I feel that I have a responsibility to identify each and every one of my student[s’] needs and help them to meet the needs, so the student [is] benefiting. In the classroom, I’m not teaching student[s] to be afraid of me any longer, I’m helping them to learn. I’m facilitating their learning process, so instead of writing plenty on the board, I give activities.” In addition, teachers talked about encouraging students and building up the student’s own relationship to education and learning. “I always tell them that we the teachers, we are like people who are just there to show you the way. We are there to show you where you should go. Because the time allotted to us is not enough in class to make you understand everything. So we show you the way and I encourage my students to do further research, to go beyond what I’m giving them. So that they will better understand the subject matter.”

Teachers felt they now understood the learning process and took responsibility for the engagement and tenor of the class. Teachers attested that the new teaching skills they acquired (Table 4) engaged and motivated students to attend to class material; “we should make a student to grow up with the lesson, to invite them … to be connected with the lesson.” Teaching became an interactive process involving both students and teachers: “Instead of talking lots in class… I’m using [an] interactive method, like both students and teacher, both of us will do work together.” Capturing students’ attention and keeping them engaged avoided leaving space for annoying or disruptive behaviors to take hold.

Teachers moved from ignoring their relationships with students to focusing upon building those relationships as a means to promote learning and decrease behavioral issues in the class. An important part of building those relationships was crediting students for their contributions and participation: “I have also learned to give student credit as to what can be their input.” Teachers identified students with comprehension problems to further help those students to acquire the knowledge: “I had a student who was very difficult to talk to. … He never used to be so active. When I started showing that relationship … to him, he started pulling himself [up in class].” Teachers reached out to students to address problems while balancing the issues of equity, motivation, achievement and inclusiveness in the classroom. Beyond the classroom, teachers also strove to build relationships to help students solve personal problems that hindered student learning: “And hook yourself to the student and draw them to you by … interaction with them, …Then they too, their mind will be relaxed on your lesson or be able to grab what they will need, for your lesson.” Teachers also shared relationship-building experiences with the whole class like eating together, sharing fun, and using engaging openers. Central to the idea of many of these comments is that teacher behavior toward students can either benefit the learning or detract from it. As one teacher expressed, “For when I left [the workshop] and I went back, I had a real mindset; helping me to reach out to relate to them, when to keep quiet. How to, you know, raise my voice and even how to even … be patient with them.”

Teachers saw that the adolescent and child brain are different than adult brains, and that development of students’ brains could be influenced by teachers and education. They learned to recognize students with social, emotional, behavioral and MH problems and to engage students in addressing these problems. As one teacher recounted, “through this training…, I have noticed that as a teacher you have to observe the class and know that there are students who have mental health problems.” These educators learned to manage student misbehavior as a part of either the students’ development or their social lives outside of class. In short, teachers saw themselves as more resilient and saw students as well-rounded people with their own lives. Overall, teachers attributed their changes to understanding how the brain works: “But I think the issue of this training has brought to a fairer concept what are some of the things that we need to do in order to build a brain up and what are some of the things that are prohibited not to do with the brain.”



Instructional Strategies

The interviewed teachers had shifted their approach from a teacher-centered lecture or presentation to a student-centered active learning focus (Table 4). Teachers engaged students across the class intellectual and social hierarchy though use of group work, pitching the content to a level where everyone could understand, and providing additional content as needed. They included students with social, emotional, behavioral or MH problems, who previously might have been ignored or punished. Teachers paced their teaching to include everyone, not just the top students. “Mainly, my focus is to always to get at those that are not really active. Because by bringing them into the class discussion, you will feel a part and everybody got their own strength(s). Once you focusing on… the person who is always answering, you are not … doing justice to the other people.” Teachers valued contributions from the whole class, rather than seeing inactive and underachieving students as nuisances; “You make sure in the class that the slow learner will also understand the topic for that particular day. … you just stick with it, make sure that everybody in the class understands it before you move on…” Teachers seem to recognize that bringing their presentations to the level of the “slow” learner results in more learning for the whole class.

Teachers implemented peer-to-peer learning through discussions and having students work in mixed level groups (Table 4). Teachers designed lessons to focus on big ideas, relevant to students’ lives, illustrated through hands-on activities. They mentioned using group work and how it helped students to learn from each other in a new way. Skills required for group work and discussions needed to be learned and teachers seemed to appreciate this. According to one teacher, “In time, … every one of them starts working together.” Implementing group work made the lessons interactive and participatory. In the words of one teacher, “It’s good to put them in groups and get some diverse views. Then students learn from students.” The constant reference to “mixing slow and faster learners” as a post-training practice may indicate that teaching to the top students and leaving some of the class behind is a common practice. These teachers no longer considered themselves the only source of knowledge in class, but saw learning as a product of all involved: “We as teachers, we are giving them [students] these groups, we ourselves, we are learning from them, too.”

Teachers recognized they had grown in their overall understanding of learning as a biological function of the brain that requires time and practice on the part of the learner, and frequently referenced time among the challenges to implementing these changes. They allowed students time to reflect before answering a question: “Like, whenever you are teaching, you are supposed to be allotting time to students when they ask their question. You give them time, let them have relax, to respond to you.” Most importantly, teachers were cognizant that students needed time to process new information, question it and share it among peers. Changing their practice took more time to adapt the lesson for different learning abilities (”slow” and “fast”). Teachers took time after class for students and put time into those relationships. Teachers reported monitoring students over time for changes in mood or behavior as indicators that they were encountering MH problems or social issues. They acknowledged that the process of change is iterative and requires time, analysis and attention: “Because in order to analyze what I have been taught to be applied in the classroom comparing it with the old one, I need to critically analyze as to what I’m supposed to do in order to get things going well. So, these are challenges I have been faced with.”

Additional challenges included getting colleagues and students accustomed to the new teaching approaches. Abandoning the way that you were taught, as a teacher, also requires a huge leap of faith. As one teacher recounted, “Another challenge could be for the student to understand the new method I’m applying in the classroom. Sometime, a few will look at me [when I] … say, “Pupils, please sit in group.” When I tell the children, they say, “[teacher] you coming put us in our group again oo.”… So for them to agree with the change, sometime, it can be challenging. But at the end of the entire exercise, they can be happy and many of the time, they can call for more and more of the activities, so I can say even though, it’s a challenge, but it’s a pleasure to do it.” Teachers expressed concern over getting colleagues to share their new views of teaching and learning; as one teacher said, “I’m struggling with it because I want to impart that knowledge that the neuroscience training facilitators has given me. I’ve struggled with it because I want to impart that knowledge onto all of us.” When discussing these challenges, teachers demonstrated a willingness to pursue growth and change. As one teacher said, “when somebody takes step forward there will be challenges, but the ability to overcome those challenges is what matters.” Despite these difficulties, teachers viewed their changes as helpful, saying, “Even though it is challenging but I’m working [on it] … the training has made me to know those positive changes as a teacher.” Teachers also expressed concern over the lack of basics such as classroom books, resources, lab materials and even back pay, issues this training could not address.



Teacher Self-Regulation

Teachers recognized that their own approaches to managing their classrooms had changed. Teachers mentally connected the long term consequences of emotional and physical trauma to student learning outcomes and consequently they controlled their own behaviors to decrease any negative impact they might have on students. “As an instructor in a class sometimes a student annoys you, you get angry, you call the student up what? and slap the student’s head, which is very wrong. The workshop, the training has made us to understand that such things is wrong and believe me I decided not to practice that both home and in my school that I teach.” Teachers self-reported curtailing use of harsh disciplinary practices (Brick et al., 2021).

Teachers evolved from being aloof, vexed or openly angry at aberrant student behaviors to becoming encouraging, patient and developing good working relationships. “In the workshop, …prior to that, … anything a student does in class …I want to react. … My way of punishing them when even they are in the wrong direction [misbehaving] when I’m teaching, [now] I know the way I [will] approach them. Before then, I used to be the type of teacher who, 5 min [euphemism for “had no patience for that”], even though I was not the type to beat on students.” They described learning to control reactions, either by stopping negative reactions (profanity, temper) or by engaging positively. “I was the kind of teacher…I was very much temperamental and very restrictive, frightening students. Well, since I came to this workshop, this training, my temper dropped a little bit.” Teachers acknowledged their former role in promoting a negative classroom culture and in that acceptance gained power to now manage the classroom better. “When I went for the training, I noticed that even if [the class is] disturbing, you have a method that you would do at least to quiet the class and then you go ahead with your teaching.” All teachers emphasized the need to talk directly with students with non-compliant classroom behaviors to determine the circumstances underlying these behaviors. They preferred to talk to students one-on-one or build trust through kindness or generosity. These conversations did not occur when the student was “hot” or angry. “Firstly, if the person is behaving rude, you try to cool them down. You will not do it in the class [by saying] “shut up, stop disturbing,” no. After class, you call the student by your side, or sometimes you just giving them lunch… You will be able to cool them down and you help them calm down, at least you help them solve their mental health problems.” Thus teachers employed self-restraint and strategies to better manage the class.



DISCUSSION

This study examined how knowledge of the neuroscience of learning, memory, stress and emotions altered Liberian secondary science teachers affective-motivational attitudes toward their practice. Several aspects of the program were novel. This represents the first implementation of such a training program in a LMIC using a tiered training-of-trainers model. In addition, this study is the first application of an internationally constructed instrument to measure the motivational aspects of teacher competence following PD (Sonmark et al., 2017). As expected, the training-of-trainers model adapted the Tier I information to local training needs while both preserving important content and pedagogical practices and adding content on local social, emotional, behavioral and MH issues. A wide variety of teacher attitudes were observed to change either immediately or with time and practice after attending the PD. As predicted, TSE improved among both tiers of participants. Attitudes were more positive about teachers’ ability to structure lessons, engage and manage students in the process of learning. Both Tier I and Tier II teachers gained confidence in their understanding of neuroscience and ability to teach it. Surprisingly, after the workshop at the Refreshers, teachers’ motivation to teach, self-responsibility and enthusiasm had increased. In interviews, Tier II teachers commented on their new ability to reach all students and motivate them to learn, to utilize more student-centered pedagogies, and to self-regulate their own emotions to promote better classroom management, themes that align with TSE. These narrative changes represent development of their professional identities as teachers, encouraging student behaviors that promote learning, such as asking and answering questions or learning from their peers, instead of encouraging behaviors that simply lead to passing.

For both tiers, the gains in teacher knowledge, confidence in that knowledge and confidence in their ability to teach neuroscience were comparable to previously reported gains from similar workshops in a high income country (see Figures 4, 5 in MacNabb et al., 2006b). In the current setting, the Tier II teachers were instructed by their Liberian peers, the Tier I Leadership Team. This demonstrates that neuroscience knowledge can be effectively transmitted in a training-of-trainers format. Neuroscience is often considered hard, producing anxiety on the part of learners (Birkett and Shelton, 2011). However, when the neuroscience content is narrowed to concepts pertinent to learning and memory and taught using lessons designed for secondary schools, it becomes accessible to all learners (Dubinsky et al., 2019). The Tier II teacher acquisition of confidence in this knowledge demonstrated that despite expected losses of some content from shortening the workshop, teachers felt they could successfully convey the neuroscience relevant to teaching to their peers. Indeed, the adaptation of workshop content to the Liberian educational context may have accounted for the Tier II, but not Tier I, improvements on survey items related to dealing with disruption, teacher self-responsibility, student achievement and student relationships.


Teacher Self Efficacy

TSE refers to teachers’ beliefs regarding their ability to produce student learning, i.e., the personal ability to provide appropriate and meaningful instruction and the outcome ability to achieve appropriate student growth and performance (Bandura, 1997). Personal self-efficacy included teachers’ self confidence that they have mastered the subject matter sufficiently and had the confidence to teach it appropriately to student audiences (Bandura, 1997). The instrument operationalizing assessment of TSE recognizes that resources and environments constrain practices and focuses upon activities normally encountered in teachers’ work: student engagement, instructional strategies, and classroom management (Tschannen-Moran and Hoy, 2001; Sonmark et al., 2017). In a review summarizing 40 years of TSE research, TSE has been positively linked to measures of teachers own well-being, personal accomplishment, job satisfaction, and commitment (Zee and Koomen, 2016). TSE also positively influences many aspects of teachers’ practices, including employing effective and innovative learning strategies, connecting to students’ lives, providing social and emotional support for students, classroom management, differentiation, and inclusivity (Zee and Koomen, 2016). Overall, high TSE is associated separately with greater use of constructivist, student-centered instructional approaches, and better academic achievement (Zee and Koomen, 2016). Across national boundaries and collectivist vs. individualist cultures, teachers with higher self-efficacy reported more productive teaching practices and higher job satisfaction (Klassen and Chiu, 2010; Vieluf et al., 2013). PD frequently leads to increased TSE (Zee and Koomen, 2016), as also demonstrated here. Similarly, PD in inquiry science teaching involving active participation by teachers, reflection, and follow-up increased their self-efficacy for specifically teaching scientific inquiry (Lotter et al., 2018). Here, teachers’ confidence in their neuroscience knowledge reflected their “cognitive mastery” of that knowledge, a critical part of self-efficacy (Palmer, 2006). Liberian teachers’ new ability to engage students, use student-centered practices and manage their classrooms more effectively were a major departure from their previous beliefs and practices, as revealed in the surveys and interviews, and constitute improvements in their TSE.

At follow-up, the relaxation of TSE attitudes to initial levels attests to the difficulty of sustaining new beliefs and practices in the absence of adequate support. A similar reversal at follow-up of end of workshop gains in self-efficacy for inquiry teaching were reported in a pilot study of US middle school science teachers (Lotter et al., 2016). When the samples size was increased, a sustained increase in self-efficacy for inquiry teaching was observed, indicating that weak elements of a pilot intervention can be subsequently corrected (Lotter et al., 2018). Alternatively, by the time teachers had been implementing new classroom practices for several months, they may have reset their internal assessment of their own capabilities. Future studies should administer a retrospective pre-survey at the same time as the follow-up survey, so that both reflect teacher’s internal ratings on the same day. Retrospective pre-tests can be more accurate assessments of prior knowledge since one doesn’t realize the extent of initial ignorance until after learning the new material (Levinson et al., 1990; Bhanji et al., 2012). In addition, more, continuous follow-up support may be needed to solidify the initial TSE gains.

Interviewee comments on instructional practices clearly favored a more student-centered approach. Without observing participants in their classrooms, interpretations of the Beliefs scale become difficult. Tier I ratings of statements associated with direct instruction increased while Tier II ratings trended toward increasing constructivist beliefs. The individual questions on this scale that showed change were “Effective/good teachers demonstrate the correct way to solve a problem” and “Instruction should be built around problems with clear, correct answers, and around ideas that most students can grasp quickly,”(OECD, 2008). Even in a constructivist-oriented classroom, having a teacher summarize by providing a correct interpretation or solution, is an excellent practice. Similarly, initially focusing students on doable problems so that they succeed and gain confidence provides scaffolding necessary for subsequent deeper or open-ended challenges. In the absence of direct assessment of these teachers’ pedagogical practices before and after the workshop, these survey results should be interpreted with caution.

The qualitative impacts of the training on teacher’s emotional regulation and classroom management were unexpected, as these aspects of teaching had not been intentionally targeted in the trainings. Altering teachers’ views of student behavior and potential to learn may have provided them with the patience to approach behavioral problems from a more tolerant and less stressful perspective. Unexpected impacts upon classroom management have previously been reported from interventions targeting lowering teacher stress through mindfulness and social-emotional skills trainings (Jennings et al., 2017). Changing classroom management strategies reflects a major shift in participants’ thinking. Culturally, maintaining classroom discipline is highly valued by Liberians, being the second strongest reason parents cite for choosing a school, after teacher quality (Longfield and Tooley, 2017). In the interviews, teachers indicated they maintained better control of their own emotions when responding to student misbehaviors, a form of self-regulation which is also linked to professional competence (Klusmann et al., 2008; Kunter et al., 2013). Self-regulation was not directly assessed in the extensive ITEL-TKS instrument. While the interviews indicated management strategies shifted toward promoting student engagement, the survey results did not uniformly reflect such changes. The absence of change in the Tier II classroom management ratings may represent the fact that teachers who employ student-centered practices often do not have as much control over classroom behaviours (Owens and Tanner, 2017). Consistent with interviewee’s reports of allowing more discussion and group work, Tier II ratings decreased on the Dealing with Disruptions scale. Questions on this scale address noise levels, classroom interruptions and getting students to quiet down, behaviors that would be expected to increase with more student-centered practices (Owens and Tanner, 2017). The Liberian teacher testaments to using both group work and a more positive classroom climate parallel recommendations for effective pedagogy in LMIC (Westbrook et al., 2013).

Gains in the Liberian teachers’ skills for self-awareness, emotional regulation, and building teacher-student relationships parallel three of the five competencies recognized for effective social and emotional learning (Schonert-Reichl et al., 2017). For adults and children, SEL concerns the processes for developing social and emotional competencies for self-awareness, social awareness, responsible decision making, self-management and relationship management (Schonert-Reichl et al., 2017). To promote better student learning of social-emotional skills, teachers must be supported in developing their own social-emotional competencies (Jones and Kahn, 2017). Teachers with better social-emotional skills engage more with their students, build stronger positive relationships and engage in better classroom management (Jones and Kahn, 2017). Teachers in comprehensive skill building programs learned how to recognize, understand and regulate their own emotions and demonstrated more positive teacher-student interactions, responses to emotions and caring beyond the classroom (Brackett et al., 2019). Providing the neuroscientific basis for how emotions and stress influence learning and memory in conjunction with discussions of effective teaching and how to recognize student emotional issues in the Liberian program appeared to produce comparable results. While the pillars of social-emotional competency programs (Osher et al., 2016) were not specifically taught here, combining those principles with a neuroscientific foundation for learning and memory may enhance effectiveness of future programs.



Motivations for Teaching

The improvements in motivations for teaching for both tiers of teachers was not expected. Teachers’ motivation for teaching includes their own professional goals, sense of responsibility, and enthusiasm as well as their psychological needs. Most importantly, teacher motivation is related to their pedagogical knowledge and to their decisions to choose and implement high-quality pedagogy (Konig and Rothland, 2012). Teachers’ motivation and goals predict their professional learning and subsequent practice (Thoonen et al., 2011; Nitsche et al., 2013). While teacher motivation can positively influence participation in PD (Lauermann et al., 2017) and subsequent implementation of that PD content (Gaines et al., 2019; Osman and Warner, 2020), whether PD can alter teacher motivation has not been widely addressed (Saunders, 2013). Pre-service teachers’ initial motivations for teaching are positively associated with their practices at induction (Richardson and Watt, 2014). Changes in pre-service teachers’ motivations to teach over the course of their training and induction have been documented. Improvements in teacher motivation can occur when they gain or exercise agency over some aspect of their practice or take on leadership roles (Han and Hongbiao, 2016). Frustrations associated with acquisition of new knowledge can also be demotivating (Han and Hongbiao, 2016) so predictions regarding the impact of PD on teacher motivation are hard to ascertain. The current study suggests that motivations to teach are malleable, even among seasoned teachers, when PD provided new conceptualizations of how learning occurs combined with introductions to constructivist practices.

Teachers’ personal and situationally driven motivations may vary according to the larger social or school specific contexts. In an international comparison of the development of mathematics teacher knowledge, an intrinsic interest in math increased motivation to invest time and energy and overcome difficulties, whereas an extrinsic goal to achieve job security decreased that motivation (Blomeke and Delaney, 2012). Among pre-service teachers in the US, intrinsic and social motivations mediate teacher self-responsibility, TSE, interest in PD, personal time investment, and commitment to teaching as a career (Lauermann et al., 2017). In the Liberian context, Tier II teachers registered increases in the motivational subscales of intrinsic, extrinsic and ability values. Tier I teachers registered increases in the subscales of ability and social career values. Neither tier reported changes in willingness to invest personal time. If replicable, the reasons behind these context-specific changes require further investigation.

Liberian teachers demonstrated their persistently high motivation and sense of personal responsibility to improve educational outcomes, despite the economic and structural adversities encountered in their country. Teachers’ pay was delayed or not received in the interval between the workshop and the Refresher sessions, a common occurrence and factor that works against professional commitments (Adebayo, 2019; Johnson, 2019; Romero and Sandefur, 2019), resulting in strikes and student protests (Dunbar, 2019). Despite this issue and other structural problems, teacher motivation to teach and self-responsibility for student outcomes increased between the workshop and the Refreshers. These results are in contrast to reported de-motivating outcomes for PD in Malawi where similar structural problems of low or absent pay and empty government promises undermined change (Selemani-Meke, 2013).



Self-Responsibility

Teacher self-responsibility represents what they feel they should be doing in contrast to what they feel they can do (TSE) (Lauermann and Karabenick, 2013). While correlations exist between responsibility and efficacy for each of the subscale factors (student motivation, student achievement, relationships with student, and teaching), the self-responsibility scales capture distinct dimensions of affective-motivational attitudes (Lauermann and Karabenick, 2013). Self-responsibility predicts TSE and interest in PD (Lauermann, 2017). Self-responsibility has generally been examined among teachers at a single timepoint (Lauermann, 2017). Like motivation, how self-responsibility may change following PD has not been previously reported. The change registered in Liberian teachers’ sense of self-responsibility was toward forming more supportive relationships with learners. Tier II teachers sense of responsibility for quality of teaching, student motivation and student achievement also increased at the follow-up time point. Following the current training, participants embraced the modeled pedagogies as a means for engaging students and providing social and emotional support. Among high school teachers, embracing a growth mindset view of their students predicts teacher self-responsibility and both predict adoption of mastery practices (Matteucci et al., 2017). Student performance improves following relatively short instruction in the neuroscience of learning and memory linked to ideas promoting a growth mindset (Blackwell et al., 2007; Yeager et al., 2019). Thus, it is plausible that teachers’ views of their students’ potential also shifted following more intensive neuroscience PD. In addition to teachers’ expected roles as content expert, deliverer of quality teaching and role model, Liberian teachers view their positions as also encompassing parenting and counselling (Adebayo, 2019). The changes reported here suggest a deepened commitment of the teachers toward these altruistic goals and a better understanding of how to achieve them as a consequence of their deeper knowledge of students gained during the workshops. The conjoint positive changes in TSE and self-responsibility exemplify theoretical predictions stating that optimistic personal expectations together with opportunities for personal growth should foster more responsibility, even in the face of adverse outcomes (Lauermann and Karabenick, 2011).



Impact of Neuroscience

Neuroscience provided two messages that the teachers embraced. Understanding synaptic plasticity provided a new view of the ability of all students to learn. This idea motivated teachers to adopt more student-centered practices despite large class sizes, limited space and little on-the-ground support. Gaining insight into normal brain growth, development, learning and the neurophysiology of social, emotional and behavioral disorders motivated teachers to change their own behaviors. Their own motivations to increase student engagement became stronger and they applied novel teaching strategies not yet widely practiced in West Africa (Westbrook et al., 2013).

Another strong realization among the interviewed teachers was that the stress felt by students on the receiving end of negative reinforcement was a neurophysiological detriment to their being able to learn. Teachers understood that the presence of stress hormones inhibited brain circuits for learning. Recognizing that producing such stress through shaming or punishment was antithetical to their goals for student learning, teachers opted to improve their self-control. This was an unexpected, but welcome outcome that programs in other countries with such problems may want to replicate (Antonowicz, 2010). Both outcomes demonstrated ways that the neuroscience content provided knowledge of students that teachers utilized in their daily interactions. Their ability to apply this knowledge was facilitated by the content added in Tier II addressing how to recognize student social, emotional and behavioral issues. Moreover, the training process, content and subsequent changes in practice improved TSE, motivation and self-responsibility for student relationships and success, all aspects of the affective-motivational dimension of teacher competence.

The Liberian neuroscience training demonstrated how understanding basic neuroscience concepts in combination with discussions of students’ social, emotional and MH needs may change teachers’ affective-motivational attitudes toward students and their practice. For pre-service teachers, the productive friction that occurs when views are challenged acts as a factor driving motivational change (Nolen et al., 2014). Understanding the neuroscience of learning, memory, emotions and stress may have produced such productive friction in the Liberian teachers. Returning to Shulman’s conception, the knowledge base for teaching is not fixed or final but should grow with insights from research (Shulman and Shulman, 2004). The development of a detailed neuroscientific understanding of the biological basis for learning and memory within the past 50 years is now ripe for inclusion into teacher training. The Science of Learning incorporates neuroscience into education, reflecting this dynamic view of teacher knowledge (Meltzoff et al., 2009; Ansari et al., 2017; Revai and Guerriero, 2017). Teachers should be able to reflect, incorporate new understandings, and learn from research as well as experience (Shulman and Shulman, 2004). That is what happened in the Liberian program. Challenging teachers to apply this new knowledge of students stimulated them to change their approach toward interacting with students, working to build relationships, motivating and engaging all learners.



Structural Elements That Made the Program a Success

Core components that contributed to the success of the program included the local adaptation of the content, focus on current science teachers, and a Leadership Team that was tasked with executing the model. Rather than impose a top-down training, the Tier II workshops were geared to the local contexts, a practice recommended over policies derived from different contexts (Pritchett and Sandefur, 2013). The local adaptation of the original content and schedule was critical. Going through the process of identifying the important big ideas focused the Leadership Team. Staff helped the Leadership Team remain on task. Additionally, dividing up the neuroscience content among Leadership Team members also lowered the initial barrier to teach this content. Being part of a team strengthened individuals’ confidence to be able to share this knowledge with the Tier II audiences. The Leadership Team was motivated by the honor of being included and by their own certainty that the content was important to share with their colleagues.

While implementation fidelity has been an aspirational goal in scaling up programs, a balance must be achieved for accommodating adaptation to the local conditions, as described here (Perez et al., 2016). Among LMIC educational reforms, matching pedagogy to local students’ levels and needs provides a cost-effective means of improving learning outcomes, especially when programs are tailored to local conditions (Kremer et al., 2013). Recognizing the adaptive nature of the training-of-trainers process, this study focused primarily on the Tier II teacher outcomes. Tier I teacher outcomes are reported to demonstrate that those teachers who became part of the Leadership Team did indeed learn and understand the delivered Tier I content and were therefore capable of transmitting that knowledge to the Tier II teachers. One benefit of a training-of-trainers structure for teacher PD is the empowerment of Liberian teachers to propagate the change messages. Their agency built local leadership as well as modeled problem solving behaviors for other teachers. Moreover, the local control worked to diminish the perceived power of external funders over the minimal capacity of local institutions (Open Society Foundations, 2015).



Policy Implications

A meta-analysis of the cost effectiveness of various interventions on improving education in LMIC found that providing more effective pedagogy increased test scores more than simply lowering class sizes (Kremer et al., 2013). Combining neuroscience and MH training for Liberian teachers using this training-of-trainers PD model, providing knowledge of how students learn, would therefore be an effective strategy for improving students’ educational experiences. The next step in this process would be to formalize current agreements with local teacher training institutions and the Ministry of Education to include neuroscience and social, emotional, behavioral and MH issues in their pre-service and in-service curriculum for teachers. With more universally trained teachers, the neuroscience knowledge of how learning occurs could be transferred to students, where a growth mindset might be promoted (Yeager et al., 2019). Additional benefits that might be expected (and could be studied) would be increasing student motivations to complete their schooling, performance on exit exams, and/or interest in science.



Limitations

All of the data presented here, both surveys and interviews, are teacher self-reports. The limited resources for this pilot program did not permit active observation of classrooms. A number of scales from the ITEL-TKS and the previous TALIS program (OECD, 2008; Sonmark et al., 2017) captured instructional choices, beliefs, management and assessment methods. With the large number of statistical comparisons, two or three significant changes would be expected by chance alone. These self-reports could reflect an incremental change in practice or a report of an intention to change. Since the interviewees were all volunteers, the oral reports may have captured opinions from only the most ardent proponents of change. Future in depth studies should include classroom observations to verify and provide support for enacting changes in teacher practices.

Many of the attitude changes reported for Tier II teachers did not occur until the Refresher time point. Attitudinal changes registered at the end of a 1 or 2 weeks training would not be considered to have withstood the test of time. However, for changes to be registered at the Refresher time point, after teachers had had time to implement ideas encountered in the training, testifies to the lasting effects that can accrue from short interventions.

Since the program intertwined neuroscience and MH content with discussions and modeling of best pedagogical practices, outcomes cannot be attributed to the neuroscience alone. Indeed, PD combining content knowledge with pedagogy produces better student and teacher outcomes than PD focused on content alone (Roth et al., 2019). On an international scale, other PD programs have similarly reported pedagogical improvements, with more enjoyment of school, more acceptance of student-centered pedagogy, and more positive attitudes toward regular students but not those with perceived disabilities (Westbrook et al., 2013). Future programs should consider including an active control group receiving pedagogical training for comparison.



CONCLUSION

The Liberian PD provided teachers with knowledge of the neuroscience of learning, memory, stress and emotions using student-centered pedagogy combined with training on recognizing students’ social, emotional, behavioral and MH issues. In experiencing the workshop content as students would, teachers were able to see themselves as learners, identify with students’ needs, and apply some of the social and emotional messages to their own lives as teachers. The Liberian teachers demonstrated an increased self-awareness of their emotional responses to misbehaving students. They reported controlling their emotions in those situations and making appropriate decisions regarding responses, helping to build teacher-student relationships.

The current results demonstrated that PD in neuroscience and MH has the capacity to build teacher self-efficacy, motivation, self-responsibility and other affective-motivational attitudes characteristic of competent teachers. These attitudes, measured on an internationally vetted instrument, are malleable. Consistent with the changes in attitudes, teachers self-reported an increased ability to engage and motivate learners, utilize student-centered pedagogies, and control their own emotions when managing their classes. Including neuroscience content into educator training provides teachers with necessary, foundational knowledge of students - how they learn and mature intellectually and how life experiences can support or undermine those processes.
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“... for the fast learner, after presenting ... | have to give extra curriculum. ... for the normal learner ... ., | help them
because they are already in reach, ... for the slow learmner, what | do, | spend much time with them, ... | create extra
time to go over the lesson.”

“I put them in group, like in one group you'll find the fast, the normal, and the slow [learners]. In time, ... every one of
them starts working together.” “Maybe they will better get what they never get from me, they will be able to learn it from
their colleague. So, | tell the fast learners to help the slow learners in their lesson.”

“...now my class, like ... you saw this morning, is participatory” “l gave student the opportunity for them to give their
view and add theirs relating to a particular topic. That makes the class very interactive.”

“I try to create activities that will engage each and every student. For example, instead of just going on a board or teach,
| learn that | should give hands-on activity.”

“So | create challenging activity . .. that will require evaluation in sentences and all of them will be in a path [to learning].
At the end of the day, the objective will be met.”

“I have little drama before we went through our topic and (with) that | can get everybody attention in the class.”

“... each person would have the pen, writing something, contributing toward the question. And then after everyone will
come together and give their contributions.”

“I give students the opportunity to ask questions or | ask them question as to what have they learned, what do they
want to learn, and what do they know as well?” “you have to encourage students to ask questions and when they
would ask those questions you would be able to explain to them better.”

“... whenever we ask a quiz question, we should give students a breathing space for them to reflect or think about the
answer. Before then, | never used to do that. | just posed my question and... | want answer right away.”

“Even if he or she says the wrong thing, | will also encourage them because they have made some effort.”

“... some of them learn by touching, by seeing, by their actions.”
“l also learn to give student the opportunity to reflect their mind on past event or past topic.”
“... you should ask the questions that require explanation”

“I try to take my classroom discussion to our everyday real life stuff.”

“I never used to allow my students to just walk out of the class [to go to the bathroom], but now | give students the
chance to walk out, come back in.”
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(a) Pre-training (b) Post-training (c) Refresher

Designator Scale and sub-scale names Mean ) N a-b Mean SD N b-c Mean SD N a-c P n2

TM_TSE Teacher self-efficacy 70.4 10.4 45 * 76.8 13.0 38 73.3 9.4 56 0.0296 0.05
TM_TSE Student engagement 22.0 3.5 45 > 24.3 4.0 38 > 21.6 5.3 56 0.0121 0.06
TM_TSE Instructional strategies 211 4.5 45 23.6 4.4 38 21.3 58 56 0.0504 0.04
TM_TSE Classroom management 222 4.2 45 231 8.3 38 21.3 6.1 56 0.2778 0.02
T™_M Motivation to teach 72.0 13.5 44 73.6 8.2 38 > 80.0 3.1 56 <0.0001 0.14
T™_M Ability 17.8 3.8 44 18.7 3.2 38 20.1 1.0 56 0.0004 0.11
T™_M Intrinsic career value 12.3 25 44 13.0 1.9 38 13.6 0.8 56 > 0.0035 0.08
T™_M Extrinsic career value 16.0 4.9 44 15.8 4.0 38 19.4 1.7 56 <0.0001 0.18
T™_M Social career value 255 4.4 44 26.1 3.1 38 26.9 1.5 56 0.0788 0.04
TM_SR Teacher self-responsibility 595 151 45 65.4 131 37 70.7 9.4 56 o <0.0001 0.13
TM_SR For student motivation 141 5.6 45 185 4.7 37 17.3 3.2 56 = 0.0030 0.08
TM_SR For student achievement 13.4 5.3 45 15.3 4.4 37 16.8 3.4 56 i 0.0008 0.10
TM_SR For relationships with students 14.2 5.1 45 15.8 5.1 37 17.4 32 56 ** 0.0021 0.09
TM_SR For quality of teaching 17.7 4.0 45 18.8 3.0 37 19.3 23 56 * 0.0455 0.04
T™M_SG Student goals (goals for teacher-student relationships) 23.6 6.3 44 2588 3.8 37 26.0 2.0 56 * 0.0237 0.05
T™_E Enthusiasm 12.4 2.7 43 125 3.3 40 13.5 0.9 56 0.0393 0.05
T™M_PP Planned persistence for teaching 12.0 2.8 44 1258 1F 38 12.9 14l 56 0.0516 0.04
T™M_WT Willingness to invest personal time 31.0 5.6 46 31.3 6.4 39 32.3 3.0 56 0.3763 0.01
1Q_IQ Instructional quality 32.1 5.4 41 32.8 3.3 39 34.4 2.8 25 0.0796 0.05
1Q_IQ Monitoring 6.1 1.5 41 5.8 1.4 39 6.1 1.1 25 0.4555 0.02
IQ_lQ Cognitive autonomy support for students 12.8 2.8 41 12.5 27 39 13.9 1.7 25 0.1192 0.04
1Q_IQ Social support for students 131 3.6 41 i 14.5 1.9 39 14.5 1.7 25 0.0271 0.07
IQ_CM Classroom management 32.8 78 45 32.8 7.2 38 35.0 32 25 0.3797 0.02
IQ_UA Understanding assessment 16.7 3.1 44 1er 3.9 39 18.2 18 25 0.1348 0.04
TALIS 43 Dealing with disruption 1.3 2.1 44 > 12.8 22 38 9.7 1.7 56 <0.0001 0.30
TALIS 29 Beliefs 34.5 9.0 44 36.6 6.7 38 39.2 4.9 56 * 0.0041 0.08
TALIS 29 Direct transmission beliefs about instruction 13.0 3.5 42 12.8 3.0 38 13.4 2.2 &7 0.5272 0.01
TALIS 29 Constructivist beliefs about instruction 11.6 2.5 40 117 2.4 38 12.6 17 &7 0.0651 0.04

p-values determined by one-way ANOVA followed by Tukey’s post-hoc comparisons between the designated time points. *, *, ** *** represent p < 0.05, 0.01, 0.001, 0.0001, respectively. Statistically significant p
values are bolded. Scales were developed for the ITEL-TKS or TALIS programs (OECD, 2008; Sonmark et al., 2017). Higher values indicated more agreement or better abilities. The valence of the TALIS 43 scale has
been reversed so that larger numbers represent improvement in handling classroom disruptions.
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Retrospective Pre-training Post-training

Designator Scale and sub-scale names Mean SD N Mean SD N P d

TM_TSE Teacher self-efficacy 59.8 19.0 23 78.6 8.6 24 <0.0001 1.28
TM_TSE Student engagement 18.4 6.2 23 23.4 3.0 24 0.0008 1.03
TM_TSE Instructional strategies 17.0 6.3 23 243 28 24 <0.0001 1.50
TM_TSE Classroom management 19.5 6.4 23 24.7 3.1 24 0.0010 1.04
T™_M Motivation to teach 59.6 18.8 23 68.5 7.8 24 0.0382 0.62
T™_M Ability 15.6 5.2 23 18.1 2.7 24 0.0452 0.60
T™_M Intrinsic career value 10.7 3.4 23 12.3 22 24 0.0544 0.58
T™_M Extrinsic career value 12.5 5.2 23 121 4.7 24 0.8077 —0.07
T™_M Social career value 20.8 7.2 23 26.0 2.8 24 0.0054 0.94
TM_SR Teacher self-responsibility 52.7 16.4 23 60.0 15.3 24 0.1170 0.47
TM_SR For student motivation 13.0 4.3 23 13.6 5.4 24 0.6854 0.12
TM_SR For student achievement 12.4 4.3 23 13.8 4.8 24 0.3112 0.30
TM_SR For relationships with students 13.0 5.1 23 187 4.2 24 0.0490 050
TM_SR For quality of teaching 14.3 5.5 23 17.0 4.7 24 0.0755 0.53
T™M_SG Student goals (goals for teacher-student relationships) 18.3 7.4 22 21.8 5.4 24 0.0708 0.55
T™_E Enthusiasm 10.9 3.6 22 12.8 2.3 24 0.0359 0.64
T™M_PP Planned persistence for teaching 10.0 3.6 22 i 2.3 23 0.0621 0.57
T™M_WT Willingness to invest personal time 26.1 7.8 22 209 5.8 24 0.0641 0.56
1Q_IQ Instructional quality 31.2 4.2 23 32.7 4.7 24 0.2485 0.34
1Q_IQ Monitoring 6.4 1.6 23 6.6 1.2 24 0.6427 0.14
1Q_lQ Cognitive autonomy support for students 128 1.8 23 127 2.6 24 0.8128 —0.07
1Q_lQ Social support for students 12.0 3.4 23 138 2.6 24 0.0930 0.50
1Q_CM Classroom management 298 5.2 22 32.8 4.2 23 0.0356 0.65
IQ_UA Understanding assessment 16.6 3.0 22 17.6 3.8 23 0.3077 0.31
TALIS 43 Dealing with disruption 12.5 2.6 19 1.4 3.3 14 0.3173 0.36
TALIS 29 Beliefs 34.7 5.7 21 36.7 5.7 24 0.2574 0.34
TALIS 29 Direct transmission beliefs about instruction 12.3 2.4 21 141 1.9 24 0.0065 0.86
TALIS 29 Constructivist beliefs about instruction 1.2 3.0 21 11.6 2.8 24 0.6923 0.12

Subscales are indented. p-values determined by two tailed t-test comparing pre to post d, Cohen’s d, effect size. Statistically significant p values are bolded. Scales were developed for the ITEL-TKS or TALIS programs
(Sonmark et al., 2017; OECD 2008). Higher values indicated more agreement or better abilities. The valence of the TALIS 43 scale has been reversed so that larger numbers represent improvement in handling classroom
disruptions.
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*The capital city of Monrovia, home to one third of the country’s population, is in Montserrado County.
**Rural Teacher Training Institutes provide one-year of training for high school graduates who then proceed to teach (Ginsburg and Arrington, 2015).

*>*This is a separate training program on the Liberian adaptation of the WHO Manual of School Mental Health (Pacione and Cooper, 2014; Weist et al., 2017).





