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ABSTRACT 
 

This case study analyzes learning gains from a five-year capacity development effort for a 
biotechnology project focused on the development, testing, and preparation for the general release of 
a genetically engineered potato under national biotechnology regulatory regimes in two Asian 
countries. This study contributes to two gaps in the literature 1) the application of experiential learning 
to biotechnology, and 2) training for biotechnology in developing countries. The case study 
methodology was applied to data collected using statistical comparisons (mean and standard 
deviation) between the pre-and post-project period to determine the impact of the HICD intervention 
on the Country A and Country B core teams. Due to non-normal data determined after the Shapiro-
Wilk test, a non-parametric equivalent of the t-test, the Wilcoxon rank-sum test called Mann-Whitney 
U-test, was employed to determine statistically significant differences between the pre-and post-
fellowship datasets. Significant learning gains were made in most areas of biosafety practice using 
experiential learning methods. Where gains were not made, it was due to a breakdown in the 
application of experiential methods. Training in biosafety, especially in poorly regulated or unregulated 
contexts, is best benefited by a systematic experiential learning process, adequate base knowledge, 
time-extensive training in standard operating procedures accompanied by mentoring and coaching, 
frequent formative evaluation, and simulated trials under local conditions where trainees can 
experience the full process of biosafety operating standards under the constraints of their contexts. 
 
Keywords: Biotechnology education; capacity development; biosafety training. 
 

1. INTRODUCTION 
 
Genetically engineered (GE) plants hold great promise for improving crop yields, reducing toxic 
chemical usage, and preventing pre-and post-harvest losses. In a world where food is still in 
increasingly short supply and where vulnerable members of our human race are exposed to hunger 
and its destructive effects, including death, we would be unwise to turn away from the potential that 
GE crops represent. GE crops have the proven potential to reduce the damaging effects of pathogens 
and pests, improve the crops ability to survive and thrive in sub-optimal conditions, reduce the use of 
chemical inputs that are damaging to the environment and human health, and thereby improve family 
incomes, health, and nutrition [1,2,3]. For these reasons, development agencies and philanthropic 
organizations, such as the US Agency for International Development (USAID) and the Bill and 
Melinda Gates Foundation, have invested in bringing these promising new technologies to the 
developing countries where they offer some of the most benefits, and building the capacity of the 
research communities in these countries to understand and utilize the technology to its greatest 
potential. Some of the crops and traits that have been or are being developed using biotechnology 
specifically for developing countries include banana, cassava, corn, cowpea, banana, eggplant, potato, 
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rice with disease resistance, insect resistance, drought tolerance, or improved nutritional quality [4]. 
Most of these projects have a significant human and institutional capacity development component to 
enable the conduct of research in-country, particularly to conduct critical field trials in the crop-growing 
environment of the country. 
 
Although there is strong scientific evidence in support of the potential benefits, there are safety 
concerns and there remains entrenched opposition to GE crops, especially in Europe (governments 
and activists) and North America (activists) [5,6,7]. GE crops have been grown in the United States 
and other countries for more than twenty years without a single documented incidence of harmful 
effects to humans or the environment. In 2018, the 23

rd
 year of continuous global biotech crop 

adoption, a total of 70 countries adopted biotech crops through cultivation and importation; Twenty-six 
countries, of which 21 were developing countries, planted 191.7 million hectares of biotech crops [4]. 
These crops have all passed through the regulatory systems and have met the requirements for 
safety approvals in the countries where they are grown or used for food or feed, at which point they 
are considered no longer regulated (or ‘deregulated’) according to the regulatory systems in most 
countries. Safety arises from being able to identify, measure and manage potential risks, which is the 
purpose of the national regulatory systems. These regulatory regimes are required to ensure the 
proper development and use of GE crops and minimize the potential risks [8]. Therefore, it is 
incumbent upon all practitioners of biotechnology to ensure that regulatory requirements are properly 
met until it can be determined by the national regulatory authority that GE crops, with sufficient 
management, pose little or no risk to either human health or the environment, especially where the 
regulatory systems are newly developed, inexperienced, and often driven by political motivations and 
misguided policies [9,10,11]. For these projects, it is an important goal to develop the capacity of the 
research community not only to properly conduct the research but also to understand and meet all the 
necessary regulatory requirements. 
 
This publication details the experiences of a five-year biotechnology project to develop and test a 
three resistance (R) gene late blight-resistant potato. Our capacity development theory of change 
builds on the extensive research foundation of experiential learning. We review the literature, describe 
our initial theory of change, present the case study on our capacity development efforts in Country A, 
in conjunction with an institute devoted to the study of biogenetic resources agricultural resources, 
and biotechnology, and country B, in conjunction with a sub-center of the national agricultural 
research institute focused on tuber crops. We conclude with lessons learned, and adaptations to the 
approach over the five years. 
 

2. LITERATURE REVIEW ON EXPERIENTIAL LEARNING 
 
2.1 Kolb’s Experiential Learning Theory 
 
A recent concise description of experiential learning is the process of "learning through reflection on 
doing" [12]. Experiential learning is aligned with the two pedagogical principles of constructivist 
learning theory: that learning should be authentic, active, and student-centered, and that it must also 
be facilitated through social negotiation [13]. Experiential learning builds metacognitive skills and can 
be goal-oriented and assessed [14].  
 
David Kolb is credited for theorizing experiential learning, building upon the works of Dewey, Lewin, 
and Piaget. Kolb’s Experiential Learning Theory [15] has the following educational principles as its 
foundation: 1) Learning is conceived best as a process instead of a product; 2) Learning involves 
relearning of prior beliefs and ideas on a topic so they can be drawn out, tested, examined, and 
integrated into new concepts; 3) Learning is driven by conflicts, dissonance, and disagreement; 4) 
Learning is a holistic process of adaptation to the world that involves thinking, feeling, perceiving, and 
behaving; 5) Learning results from synergistic transactions of the learner assimilating new 
experiences into existing concepts and accommodating existing concepts into new experiences, and 
6) Learning is the process of creating knowledge. 
 
The central tenet of ELT is that knowledge results from experiences that have been grasped and 
transformed [15]. ELT puts forth two dialectically related modes of grasping experience: Concrete 
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Experience (CE) and Abstract Conceptualization (AC); and two dialectically related modes of 
transforming experience: Reflective Observation (RO) and Active Experimentation (AE) [12,16]. The 
result of these two dimensions of learning and transformation is four different elementary forms of 
knowledge: divergent knowledge (CE and RO), assimilative knowledge (RO and AC), accommodative 
knowledge (CE and AE), and convergent knowledge (AC and AE). 
 
The process of experiential learning is cyclical and requires an initial focus of the learner, followed by 
interaction with the phenomenon being studied, reflecting on the experience, developing 
generalizations, and then testing those generalizations [14]. The context in which experiential learning 
occurs is defined by four dimensions: the level, the duration, the intended outcome, and the setting 
[17]. It is important to note that simply providing experiences does not constitute learning and that 
reflection on action is necessary [14,15,18].   
 

2.2 Applying ELT to Agricultural Education 
 
Knobloch [19] summarized the four tenets of experiential learning as they relate to agricultural 
education as learning through real-life contexts [18], learning by doing [as cited in 19], learning 
through projects [20], and learning through solving problems [21].  
 
Baker, Robinson, and Kolb [14] further clarified the inherent connections between experiential 
learning and a comprehensive (i.e., the three-component) agricultural education model. The three-
component model [16] is understood as 1. classroom/laboratory instruction, which is contextual, 
inquiry-based, and where learning is achieved through an interactive classroom and laboratory; 2. 
Supervised Agricultural Experience (SAE), which is experiential, service, and/or work-based learning, 
and 3. Future Farmers of America (FFA), which means premier leadership, personal growth, and 
career success, through the National Postsecondary Agricultural Student Organization (PAS) or the 
National Young Farmer Educational Association (NYFEA). The three components of agricultural 
education fit well into the experiential learning cycle, in that the classroom/laboratory instruction is 
related to the abstract, SAE is the converging aspect and FFA is the concrete and reflective aspects 
of experiential learning [14,22]. 
 
Pennington et al. [23] evaluated the effectiveness of the agricultural visual communications 
experiential learning curriculum developed by the University of Arkansas and integrated into 
secondary agricultural programs throughout the state. Eleven schools participated in the study with 
106 students represented. Analysis of student test scores revealed a significant effect between pre-, 
post-, and/or delayed-post scores for each curriculum unit, suggesting positive effects of experiential 
learning on knowledge acquisition.  
 
Baker and Robinson [24] examined the effects of two contrasting pedagogies (i.e., experiential 
learning and direct instruction) on students’ retention of agricultural knowledge over time. A six-week 
deferred post-test was administered to assess long-term retention of the subject matter. The results 
indicated that initially, students who were taught both experientially and through direct instruction 
experienced a statistically significant increase in analytical scores, with the direct instruction treatment 
group outperforming the experiential learning treatment group. However, that increase was not 
statistically significant and was followed by a statistically significant decrease in analytical scores six 
weeks following instruction. Implications for instructors are to pace their lessons more slowly to 
increase understanding and mastery of the content learned. 
 
Additional studies have been conducted to investigate the impact of specific aspects of experiential 
learning on student knowledge acquisition in agricultural education. First, Baker, Brown, Blackburn, 
and Robinson [25] utilized an experimental design to determine the effects of order of abstraction and 
type of reflection on student knowledge acquisition. Students were assigned randomly to one of four 
treatment combinations in the completely randomized 2x2 design which included either abstraction 
before or directly after an experience, and either reflection-in-action or reflection-on-action. The 
findings indicate that order of abstraction does not have a statistically significant effect on knowledge 
acquisition scores, but that reflection-in-action did have a statistically significant effect on increasing 
students’ knowledge of concepts. It is recommended that agricultural education teachers focus on 
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effective strategies of reflection-in-action to help students develop deeper and more enduring learning 
from their experiences. 
 
Similar to the above research, the study by DiBenedatto, Blythe, and Meyers [26] sought to determine 
the effect of reflection-in and reflection-on-action regarding content knowledge acquisition, the effect 
the order of abstraction had on content knowledge acquisition, and if any interaction existed between 
the type of reflection and order of abstraction on content knowledge scores of secondary agriscience 
students. Utilizing a 2 x 2 randomized experimental design, this study was conducted in a secondary 
agriscience classroom. The order of abstraction and type of reflection was found to be significant in 
the development of discussion skills. Teachers are recommended to design effective concrete 
experiences for their students to engage, reflect, conceptualize, and experiment. 
 
Finally, Smith and Rayfield [27] investigated the effect of cognitive sequencing of instruction in the 
dimension of grasping information through ELT in a quasi-experimental study that involved 121 
students in agricultural science courses from four Texas high schools. Two units of STEM-enhanced 
instruction were developed, each with two separate sequences; one with concepts presented 
beginning with a concrete experience and moving to an abstract conceptualization and the other in 
the opposite sequence. Findings indicated significant interactions on both units of instruction between 
student preference for grasping information and cognitive sequence of instruction. 
 

2.3 Initial Theory of Change 
 
The United Nations in Measuring Capacity [28] defines capacity as the ‘ability of individuals, 
organizations, and societies to perform functions, solve problems and set and achieve objectives in a 
sustainable manner’. Changes in capacity are easier to monitor and evaluate if the capacity 
development approach is comparatively focused, integrated into the project, and technically 
specialized such as for modern biotechnology. Capacity development, however, has its unique 
challenges. Many of this capacity relates to soft skills that are intangible such as leadership, ability to 
build consensus, and/or ability to learn and adapt; these are hard to measure and can be subjective. 
Capacity development in modern biotechnology research can be evaluated through different levels: 
individual, organizational and wider systems, which can be difficult. Although this is true for other 
types of the intervention strategy, there are various influences at play at organizations and their ability 
to implement wider organizational and external actions may not necessarily be linked to the capacity 
intervention. Citing attribution is one important challenge [29,30].  
 
The project’s HICD activities were designed to support LBR potato research and regulation and to 
determine how the HICD intervention and their contribution to change involved the design of a simple 
theory of change (TOC) for HICD and a linear, tracking-forward approach. (See Image 1). 
 

2.4 Case Study of Developing and Deploying Late Blight-resistant GE Potato with 3 
Resistant Genes 

 
Late blight continues to devastate potato cultivation around the world. A handful of potato breeding 
programs have been successful in developing resistant lines through conventional as well as through 
genetic engineering approaches. Previous projects have introduced potato lines engineered with a 
single gene resistant to late blight. However, given that the pathogen can evolve to breakdown 
resistance much faster in plants with single-gene resistance, multi-gene constructs are currently being 
used to genetically engineer more durable late blight resistance into potato lines. Therefore, our case 
study for developing capacity for plant biotechnology field studies focused on training core teams in 
two partner countries, at different stages in the development of their regulatory regimes, to import 
genetically engineered potato plants from the US and conduct confined field trials to determine the 
performance of these plants in comparison to locally grown potatoes. A confined field trial, or CFT, is 
standard terminology used to describe a field trial for research with regulated GE plants, which is 
conducted with confinement measures in place to ensure the plant material is controlled at all times 
during the trial and does not remain in the environment after the trial is complete [31]. Country B has 
already approved an insect-resistant GE food crop for general use, and Country A recently approved 
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a drought-tolerant GE food crop. Both countries also had previous experience in field testing a 
genetically engineered single R-gene potato line resistant to the late blight disease through a USAID-
funded project. However, for this new project involving the 3 R-gene potatoes, the HICD team 
particularly focused on documenting the capacity development efforts and processes as they apply to 
ELT of agricultural biotechnology education. 
 

 
 

Image 1. Initial TOC of the Biotech Potato Project (2015-2020) 
 
At the onset of the project, our HICD focus was on Objectives and Key Results (OKRs). Therefore, 
the first step was to understand the existing knowledge of the core teams that were selected to work 
on the project before designing any capacity-building programs. First, informational sessions were 
held with previous project implementors that worked with our partners on the single R-gene potato 
project. Then, survey instruments carefully developed to include a question on OKRs for the project 
helped test the existing knowledge of the team on biotechnology research and regulation for 
implementing the project activities with deliverables in mind. Based on the information gathered from 
the surveys, an onboarding project workshop was conducted for the core teams in Country A, as a 
cost-effective approach to meeting project participants. The workshop content was developed to 
provide information on the project, its objectives, and key expected deliverables from the core teams.  
 
As the second step in the HICD plan, the core teams were invited to US-based implementing 
institution for 1-5 months (depending on the training needs of the team members) during the growing 
season to provide an opportunity for them to observe how researchers develop and field test 
genetically engineered late blight resistant potato following the biosafety regulations in the United 
States. Upon arrival, the teams took a second survey that included questions on the skills required for 
delivering the expected outcomes of the project. The survey included sections on tissue culture 
propagation, molecular analyses, pathology techniques, and plant breeding aspects to determine 
knowledge of the core teams in these specific areas important for receiving, maintaining, and field-
testing GE potato lines. Based on the survey responses, individual training components were 
developed for the team members responsible for each of the biotechnology, pathology, and plant 
breeding aspects of the project. The method of training for these areas consisted of modeling 
behavior, and then observing participants exercising the behavior. At the end of each week of training, 
the participants were brought together to reflect on what they learned and realize where this training is 
applicable upon return to their institutions. The core teams also had events that allowed them to 
compare and contrast facilities available at their institutions to deliver project outcomes. The teams 
also had a week of training on biosafety regulations with the Regulatory Team lead of the project. The 
training concluded for the core teams with a second skills survey that summarized what they had 
learned during the training. Although the period of training varied between core scientists, our goal 
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was to ensure that all of the core team members were introduced to a set of skills that were necessary 
to implement project activities.  
 
A set of follow-up activities were requested to be completed by each of the members of the core 
scientific teams upon return to showcase their capabilities for carrying out project activities. However, 
with the teams returning to their institutional and personal responsibilities, along with communication 
difficulties faced in the remote areas where project activities were to be implemented, the HICD 
activities of the project had to take a new turn. Strictly adhering to our goal of documenting the local 
capacity for receiving, maintaining, and field trialing the 3 R-gene potato lines, the HICD and 
Technical Teams worked together to develop a manual for evaluating the skills of the trained team in 
implementing project activities in-country and demonstrating their capabilities. As such, the teams 
were requested to complete activities listed in the training manual (details of which are discussed 
elsewhere) using a non-genetically engineered potato line sent to the project partners from Michigan 
State University. Upon receiving the plants, the teams were requested that they treat the plants as if 
they had received the 3 R-gene potato lines in-country. The manual was divided into 4 separate 
sections with step-by-step instructions to be followed by the teams on laboratory best practices 
(including videos), tissue culture techniques, pathology techniques, and molecular methods to ensure 
the acclimated greenhouse plants are of the expected genotype. Each of these sections included 
built-in checklists, surveys, and reporting strategies with photographs that allowed the project team to 
determine the skill level of the core scientific teams. The completion of the activities in the manual 
allowed the teams to harvest potato minitubers for conducting confined field trials (CFTs). 
 
Upon completing the activities in the training manual, several in-country training workshops and visits 
were conducted by the Pathology and Regulatory Team leads of the project to train the core teams on 
conducting confined field trials. Once again, the training utilized the basic strategy of ELT – modeling 
behavior, engaging participants in behavior, and observing participants exercise the behavior. 
Because the minitubers were not ready in-country for the CFTs, MSU provided the minitubers as 
planting material for the CFTs to be initiated. However, the understanding is that these activities will 
take place in-country when the 3 R-gene product arrives. 
 
While this training helped the project achieve its HICD goals of developing a skilled core team to 
deliver OKRs, there were several times that project objectives had to be altered to achieve the key 
results. For example, the skill level of the core team in one country for the tissue culture component 
indicated that the project should bring in additional trained individuals in tissue culture to achieve 
project deliverables. Indeed, this is the nature of OKRs, where there needs to be constant evaluation 
of objectives of the project and activities that help reach the key results associated with those 
objectives. If the objectives and activities designed do not meet the key results, then, we must change 
these objectives and activities to get to the key results. It is this flexibility that allowed the project to 
reach its HICD goals.  
 

2.5 Monitoring and Evaluation (M&E) Methodology: Mapping of Inputs to Outcomes 
 
The question remained, however, how best to monitor and evaluate these activities to ensure for 
ourselves and also demonstrate to others that capacity was being developed. Building on Kolb’s six 
principles of experiential learning, the HICD intervention by the Biotech Potato Project involved two 
capacity-building processes gap filling and integrated capacity development that influenced the M&E 
design. The Biotech Potato Project aims to fill a knowledge gap on agricultural biotechnology research 
and regulation, thereby enabling project partners to make progress towards a broader set of outputs 
and outcomes. The project also aims to provide training activities that are integral to the 3 R-gene late 
blight resistant potato biotech research and its deregulation. Using the TOC for Biotech Potato Project, 
the evaluation of impact, hence, focused on evaluating the overarching question: “How does the HICD 
intervention provided by the Biotech Potato Partnership project impact the skills and competencies on 
potato biotech research and regulation of individual and organizational partners?”  
 
Two M&E methods were employed to measure changes in individual and organizational capacity: 
output measures (process evaluation) and outcome evaluation to evaluate the HICD activities and 
intervention impact. These methods were used to help the following evaluation questions: 1) process 
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– Are the HICD intervention activities implemented as planned? and 2) outcome – Are all the HICD 
interventions achieving their objectives that support the Biotech Potato Project’s goals? Through 
output measures, the outputs of the program’s activities (e.g. how many in-country core team 
scientists were trained were quantified. Outcome evaluation, on the other hand, was used to 
determine if the program was able to achieve desired changes in knowledge, skills, and competencies) 
because of the HICD intervention. Evaluation instruments (pre-or baseline, mid-, and end-of-project 
follow-up) were designed to measure short- and medium-term outcomes. The assessment of success 
to project objectives is based on these two methods on a carefully designed combination of qualitative 
and quantitative indicators. For better monitoring and reporting of the progress to HICD goals and 
objectives, these indicators were set up in a project management software, Smartsheet. Graphical 
snapshots and an HICD portal and dashboard built in Smartsheet (image 1) were also generated for 
time-series reporting and analysis, and dissemination to the Project Management Team, USAID, and 
various audiences.  
 
Outcome evaluation focused on the following areas: microbiology and pathology, tissue culture, seed 
production, and regulatory compliance. Thus, for example, in the case of the tissue culture, one of the 
points of valuation was whether GE materials were properly labeled and segregated to avoid the 
mixing of samples and eliminate the possibility of GE material being used unintentionally. These areas 
were selected because they were core procedures in the development of the resistant potato and vital 
for project success. Each of these areas of the evaluation was built out using the standard techniques 
that had been made part of the capacity development process. A simple rating of ranking was 
developed to identify the capacity of the individuals and the organizations against each of the different 
areas. Specifically, the skills and competencies were measured using a five-point scale (1 = poor, Far 
below minimum requirements hence no capability and 5 = excellent, Far above requirements). The 
Likert scale was a 6-point item for microbiology and pathology skills; a 5-point item for tissue culture 
skills; a 10-point item for seed production; and an eight-point item for regulatory compliance. The 
Project Technical Team leads (Molecular Biotechnology, Pathology, and Regulatory) were asked to 
evaluate the capability of the partners in various areas. The team was asked to evaluate three stages 
(pre-, mid, and end-of-year project) to show through changes in scores how individual and 
organizational capacity has changed. All pre-and mid-term assessments were conducted and 
reported here. The final evaluation for these areas, including mid-term assessment for regulatory, is 
scheduled before the project transfers the 3 R-gene late blight resistant potato events to both 
institutions. The change in specific areas will also be further investigated to assess to what extent they 
are the results of a particular HICD intervention by the project and validate attribution.  
 
The outcome of the HICD intervention or the change in skills and competencies of the core team 
scientists for the tuber crops sub-center in Country B and the biogenetics and biotechnology institute 
in Country A was determined by comparing the baseline value against the mid-project assessment 
value for each of the skills and competencies. Scores were analyzed making statistical comparisons 
(mean and standard deviation) between the pre-and post-fellowship to determine the impact of the 
HICD intervention on the Country A and Country B core team. Due to non-normal data determined 
after the Shapiro-Wilk test, a non-parametric equivalent of t-test, 
 
Wilcoxon rank-sum test called Mann-Whitney U-test was employed to determine statistically 
significant differences between the pre-and post-fellowship datasets. The research question was: 
Does the median rank of Likert scores for skills and competencies for microbiology and pathology, 
tissue culture, seed production, and regulatory compliance differ from before the HICD intervention 
and after the intervention?  
 
All the statistical analyses and visualization were performed using the Real Statistics Resource Pack 
in Excel [32]. Counterfactuals were not established to compare effects of the baseline data and mid-
term assessment for the effects of the HICD intervention since the partners in Country A and Country 
B are not receiving any capacity support from other groups on potato biotech research; this also 
provides additional justification on the use of the tracking change forwards approach.  
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Image 2. HICD Dashboard Portal 
 

2.6 Initial Impact Findings and Integrating the Collaboration-Learning-Adopting (CLA) 
Approach 

 
Nine core scientists benefited from the project’s HICD interventions. In line with Kolb’s six principles, 
they all benefited from the following: lectures, lab, and field experiences, site visits, information access, 
and networking and consultation activities with US experts. These activities were implemented from 
Year 2 to Year 4 of the project. The primary outcome of these activities was the perceived change in 
skills and competencies in microbiology and pathology, tissue culture, seed production, and regulatory 
aspects of biotechnology.  
 
As shown in Table 1, the skills and competencies of core teams of Country A and Country B, which 
have been randomly assigned the labels “Team A” and “Team B” to avoid identifying individuals, both 
improved after the HICD intervention and were found statistically significant (p <0.05). Specifically, the 
microbiology and pathology skills for the Country B core team improved while the microbiology and 
pathology skills, tissue culture, and seed production skills improved for the Country A core team. The 
statistically significant evidence supports the rejection of the null hypothesis that there was no change 
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in skills and competencies in microbiology and pathology for Country B; and microbiology and 
pathology, tissue culture, and seed production for Country A after the HICD intervention and mid-term 
of the project. The skills and competencies for tissue culture and seed production after HICD 
intervention were not found statistically significant for Country B, which supports the null hypothesis 
that there was no change in skills and competencies for these two areas.  
 

 
 

Image 3. HICD Dashboard View 2 



 
 
 

Current Topics in Agricultural Sciences Vol. 1 
Case Study: A Roadmap for Developing Capacity in Plant Biotechnology Field Research 

 
 

 
19 

 

 
 

Image 4. HICD Dashboard View 3 
 

Table 1. Impact parameters for biotech potato partnership HICD Intervention: Changes in skills 
and competencies of Country A and Country B core teams 

 

Skills and Competencies Pre (Baseline) 
Mean (SD) 

Mid-Term Assessment 
Mean (SD) 

P-value
s
  

Core Team Country A     
Microbiology and Pathology 2.00(1.52) 5.00(0.00) 2.02E-15*** 
Tissue Culture  2.00(1.52) 5.00(0.00) 1.21456E-

13*** 
Seed Production  1.90(0.32) 5.00(0.00) 5.41254E-

06*** 
Regulatory  2.00 (0.00) N/A  
    
Core Team Country B    
Microbiology and Pathology 1.45 (1.33)  2.50(0.80) 0.009*** 
Tissue Culture  3.26 (1.63) 4.00(1.13) 0.18 
Seed Production  3.20 (1.40) 3.20(1.39) 0.81 
Regulatory  2.00 (0.00)  N/A  

a
 All P-values were derived from two-tailed Mann-Whitney U-test: * P <0.05 ** P <0.01 *** A P < 0.001 

 
Overall, the mid-term results imply that the HICD capacity development and training were not enough 
and not impactful for Team A. Careful review, collaboration, a reflection of learning from the HICD 
intervention, and the need to adjust with the delays in the transfer of the 3 R-gene late blight resistant 
potato in-country resulted in the revisiting and reiteration of content for all areas, design of new 
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capacity development and training materials, and delivery of additional HICD intervention to prepare 
both Team A and Team B for confined field testing (CFT) and other research-related activities.  
 
A detailed GE Technology Capacity Evaluation Manual was designed as a follow-up and 
supplemental reference for the in-country core team’s training and capacity development activities at 
MSU. The manual consists of two components 1) In-country Technical Capacity Evaluation (TCE) and 
2) In-count Field Capacity Evaluation (FCE). The manual was developed so the in-country core 
technical teams could self-report and document their capacity. Specifically, the TCE is made up of five 
areas that cover instructions and development of standard operation procedures (SOP’s) unique to 
the countries' resources, for each component. The areas include safe laboratory practices, handling 
new GE plant material, tissue culture, micropropagation, greenhouse tuber production, and basic 
molecular biology and pathology activities that support the research and regulation of biotech potato 
materials. The project used an importation of non-GE potato as a surrogate for an actual GE potato. 
In addition to the protocols, the manual provides step-by-step instructions on activities that need to be 
conducted in the form of a checklist. As shown in Image 2, both the core team of Country A and 
Country B finished all the components of the TCE manual. The second component of the manual, the 
FCE was designed and implemented to provide a practice-regulated confined field trial to train and 
build the capacity of Country A and Country B core team in conducting field trials under confined 
conditions that meet regulatory guidelines. The practice field trials, again using an imported non-GE 
potato, along with simulating field conditions, tested the efficiency of field research and regulatory 
compliance during the CFT of the LBR biotech potato. This was complemented with research study 
plans and development and training on standard operating procedures (SOPs) for CFT regulatory 
compliance. The study plan included information on the plant materials, field sites, experimental 
design, agronomic practices, data collection and analysis, and records that need to be maintained. 
The CFT SOPs provided step-by-step instructions for various tasks typically involved in CFT 
regulatory compliance at the institutional and individual researcher levels, with form-based record-
keeping for key aspects or regulatory compliance identification and inventory of plant materials, 
transportation, shipping and receipt of materials, planting and trial conduct, the harvest of materials 
and post-harvest management of field trial sites for LBR biotech potato, and reporting of incidents and 
corrective actions [25]. As shown in Image 2, both Team A and Team B were able to implement the 
CFT Regulatory practice (8/8/ steps). They did not, however, fully complete the CFT Research 
component with only five out of 10 steps completed. The field trial design and data collection were not 
executed exactly as planned and will be monitored more closely for the actual CFT for the biotech 
LBR potato.  
 
Outcome evaluation is not yet completed for the Biotech Potato Project but the mid-term evaluation 
results and how the project used the results indicate that capacity development and training for 
modern biotechnology research and regulation is not a one-off intervention but an iterative process of 
design-application-learning-adjustment. Guided by mid-term evaluation results and the CLA approach, 
the Biotech Potato Project now captures this iterative process in its modified TOC (Image 3). There is 
now a greater recognition that HICD for biotechnology research is a long-term effort that needs to be 
embedded in broader, endogenous change processes that are owned by those involved, that is 
context-specific focused on a changing mindset, values, skills, and competencies. Approaching HICD 
through this process lens makes for a rigorous and systematic way of supporting it, without using a 
blueprint, and improves the consistency, coherence, and impact of HICD intervention. 
 

3. ANALYSIS AND DISCUSSION 
 
In assessing the value of the assumptions and practices applied in the conduct of this training, it is 
helpful to return to Kolb’s six principles as an analytical framework. The six principles help us 
understand both the successes and the deficiencies of the approach described above. 
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Image 5. Revised theory of change 

 
3.1 Learning is Conceived Best As a Process Rather than a Product 
 
From the outset of the project, there was an assumption, as the initial theory of change indicates, that 
the learning would be a process rather than a single intervention. Reinforcing learning concepts 
through repetition and built-in redundancy is an important part of the learning process [33,34,35,36]. 
Early capacity development efforts were designed to be a combination of abstract (lecture) learning 
and experiential (lab and field) learning extended over five months. This was to be followed by the 
leadership of project activities with oversight and ongoing coaching and learning. Early indications 
showed, however, that prior learning might not be as extensive or as profound as expected. In 
response to these early signs, supporting educational materials were generated to make the 
instruction provide additional support for the trainees, especially after they had departed. In addition, 
frequent oversight visits (at least once per quarter) were scheduled in which evaluations took place to 
measure progress. 
 
In the face of continued difficulty in the implementation of key tasks, it was decided to add a 
demonstration trial, using non-GE material as a substitute for the GE material, to refine the skills and 
continue to emphasize key learning points to the participants. This was done for both groups A and B. 
This required some close coaching, especially in the area of pathology. In the end, progress was 
made for both groups through the implementation of the demonstration trial. 
 

3.2 Learning Involves Relearning Prior Beliefs and Ideas on a Topic so they Can be 
Drawn out, Tested, Examined, and Integrated into New Concepts 

 
 Connecting new learnings to prior beliefs and ideas can be a challenge, especially where there are 
multiple cultures in play [37,38]. Yet, building on prior beliefs and ideas is a core component of the 
constructivist foundation on which Kolb’s experiential learning was built [39,40,41]. This challenge was 
faced with both groups A and B, in that they each came to the task with different prior beliefs and 
ideas derived from their unique scientific backgrounds and cultural contexts. In the case of group B in 
particular, it was clear at several points in the training process that prior experience and knowledge 
were not adequate for an effective constructivist approach to learning and that learning in some 
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instances needed to be scaled back to the point where there were prior experiences sufficient to serve 
as “scaffolding” for the new learning [42,43]. Although a pretest was done to serve as a baseline for 
learning, there was little thought given to the possibility that the international trainees might have 
come from deficient training systems or that they may have not been selected based on their 
qualifications. In this case, a selection requirement should have been put in place and a qualifying test 
of some kind should have been put in place before candidates were accepted for the training. In the 
end, it must be conceded that some of the trainees lacked sufficient base knowledge to successfully 
scaffold learning. 
 

3.3 Learning is Driven by Conflicts, Dissonance, and Disagreement 
 
In constructivist approaches to learning, the learning is often compared to building a structure, 
borrowing from construction such metaphors as “foundation,” “base,” and “scaffolding.” Unlike 
construction, however, where blueprints provide a precise path forward, learning is often messy and 
imprecise. Cognitive dissonance theory, first developed by the Stanford Psychologist, Leon Festinger 
[44], hypothesized that changes in attitude and behavior could be catalyzed through conflict and 
disagreement. Festinger’s theories were taken up into education and experimentally tested and 
confirmed [45,46,47,48] Situations of provoked cognitive dissonance improved learning. Growth in 
learning can be provoked by creating dissonance between our assumptions and reality, forcing a 
process of rethinking how we interpret and understand reality [49]. 
 
Appropriately, perhaps the times of greatest progress in the learning cycle were those in which there 
were clear and open conflicts as to what was correct and appropriate. One clear example of this was 
while working with Team B during the demonstration efficacy trial that had been designed as a 
learning experience for the team. During that particular growing season, it was unusually dry and the 
team was having trouble infesting the trial with the targeted pathogen, Phytophthora infestans 
(P.infestans.), which, due to the dryness of the season, was not occurring naturally as had been 
hoped. To salvage the trial, it was decided to inoculate the trial to catalyze and spread the infestation. 
Although this was but a demonstration trial, it was understood by the implementing team that this 
situation allowed acquiring new skills that would undoubtedly be required in the future, namely, 
culturing P.infestans. for the production of inoculant and the safe application of inoculant in a field trial. 
Group B resisted the instruction for fear of infesting other nearby trials. An initial hurdle had to be 
overcome when Group B was unable to successfully culture spores of locally collected P.infestans. for 
inoculum production. The implementing team brought in a specialist from a nearby university to assist 
with the culturing of the spores and successful cultures were established. Despite the extensive 
experience of the pathologist giving oversight to the trial, it was only when the conflict reached the 
point of a near impasse that Group B agreed to inoculate the trial according to instruction. The trial 
was successfully inoculated, and nearby fields were not infected. The conflict provided an opportunity 
for Group A to acquire new skills and new assumptions about the safety of implementing inoculation 
in field trials in confined spaces. 
 

3.4 Learning is a Holistic Process of Adaptation to the World that Involves Thinking, 
Feeling, Perceiving, and Behaving 

 
The most effective aspect of experiential learning is the integration of learning into a real-world setting. 
As such, it requires the participation of all the dimensions of human experience, from cognitive 
comprehension to tactile skills, to sensing and feeling [25,26]. This is in line with the way that memory 
works. According to neuroscientist John Medina [50], memory is stored in various parts of the brain 
not as a whole, but as a function of the sense involved, so for example, retrieval of memory for scent 
is from a different location in the brain than retrieval of memory for color, or light, or emotions, or 
tactile aspects of the memory. Memory gets more firmly grounded when several of the dimensions of 
consciousness are engaged simultaneously. For that reason, experiential learning generates greater 
recall because the memory is rooted in more dimensions of consciousness than purely cognitive 
experiences meaning that there are more memory pegs on which the memory hangs increasing the 
chances that there will be recall [51,52]. 
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Table 2. List of interventions in biotechnology capacity development 
 

Group Type of Intervention Location of Intervention Experiential Learning 
Principle Applied 

Level of Mastery Observed/Comments 

A 5-month training including: 
- Lectures 
- Lab work 
- Coaching 
- Mentoring 
- Social engagement 
- Evaluation 
- Fieldwork 

US Research University 1-6 Factual, conceptual, procedural, 
although results were uneven. Some 
scientists grasped more than others. 

B 3-week training including: 
- Lectures 
- Lab work 
- Coaching 
- Mentoring 
- Social engagement 
- Evaluation 
- Fieldwork 

US Research University 1-6 Factual, conceptual, procedural, and 
some metacognitive. This group entered 
the training with significantly more 
experience and knowledge of bio-safety 
procedures than group A. 

A B Workshops on research and biosafety, 
project goals. 

Team B host country 1, 2, 6 Factual, conceptual. Several two- to 
three-day workshops provided a 
significant amount of information for the 
trainees on the safe conduct of biotech 
tissue culture production, seed 
multiplication, and field trials. During the 
later workshops, SOPs were co- 
created. 

A B Supplemental training materials including 
- Training videos 
- Written materials 

Virtual 1,  Factual, conceptual. Extensive “how-to” 
materials that could be reviewed at any 
time. 

A B Virtual mentoring Virtual 1-6 Factual, conceptual, procedural, 
metacognitive. Regular virtual calls were 
held with the teams to chart the progress 
of the assignments. 
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Group Type of Intervention Location of Intervention Experiential Learning 
Principle Applied 

Level of Mastery Observed/Comments 

A B GE Technology Capacity Evaluation 
Manual  
 -Technical Capacity Evaluation (TCE) with 
Non-GE Potato 
 and regular evaluations 

Virtual/Host countries 1-6 Factual, conceptual, procedural, 
metacognitive. Assignments were given 
and the teams carried them out in the 
regular conduct of their work duties. 
Oversight and evaluation were given 
through regular virtual calls and at least 
once a quarter, a site visit was 
conducted to do an on-site evaluation. 

A B GE Technology Capacity Evaluation 
Manual -Field Capacity Evaluation (FCE) 
with Non-GE Potato - Lab work 
- Fieldwork 

Host countries 1-6 Factual, conceptual, procedural, 
metacognitive. Simulated trials using 
non-GE material were conducted to 
allow each team to go through the 
process of the field trial, including filling 
out the required SOPs and collecting 
data, in a no-risk environment 

B Biotechnology field trails Host country 1-6 Factual, conceptual, procedural, 
metacognitive. As of this writing, an 
actual GE field trial is taking place in the 
host country of Group B using GE 
material. Once again, the Group is going 
through the entire process of the field 
trial, including filling out the required 
SOPs and collecting data under close 
supervision. 
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Efforts were made to give each of the trainees a spectrum of experiences from purely cognitive 
mastery of basic information, to hands-on experience, so that the full panoply of dimensions were 
engaged. This included not only classroom experiences, in which the trainees received instruction in 
the principles of conducting field trials with GE material, but also lab experiences, participation in the 
actual field trials, multi-media training materials, direct one-on-one coaching and mentoring, and a 
demonstration trial intended to not only evaluate the level of comprehension of previous experiences 
but also their ability to integrate these learning acquisitions into an integrated demonstration of the 
learning acquired. 
 

3.5 Learning Results from Synergistic Transactions of the Learner Assimilating New 
Experiences into Existing Concepts and Accommodating Existing Concepts into 
New Experiences 

 
Integrating new learning into existing concepts is essential for new learning to take root [14,53]. 
Unless these linkages are made in the mind of the learner, the chances that new learning will be 
successfully grounded to be retained are remote. In line with Hunsaker’s findings, we also 
incorporated regular mentoring sessions to work with the trainees in connecting their new learning 
experiences to prior experiences. In a follow-up to the initial intensive training, there were evaluations 
at regular intervals and frequent coaching. Even with these intentional efforts, however, for some of 
the trainees, the linkages were not successfully made. 
 

3.6 Learning is the Process of Creating Knowledge 
 
Bloom’s taxonomy [54], as revised by Krathwohl and Anderson [55] structures the complexity of 
learning from the most basic to the most complex. This process of learning takes us through the 
various levels of comprehension which are identified as factual, conceptual, procedural, and 
metacognitive [55]. The goal of mastery of knowledge is to bring the learner to the point of 
metacognition, which Krathwohl and Anderson define as “strategic knowledge, knowledge about 
cognitive tasks, including appropriate contextual and conditional knowledge, as well as self-
knowledge” (p. 46). In our context it would mean that the trainees had so absorbed and mastered the 
training that they would have the capacity to take that knowledge and apply it in new situations, 
creating new understanding in the process. Our evaluations show that all through our adjusted models 
allowed us to achieve mastery at the factual, conceptual, and procedural levels, metacognition 
continues to elude the team, meaning that their comprehension was not as complete as we might 
have liked. We use, again, the example of inoculation as a case in point. Confronted with an 
unrehearsed circumstance (inability to culture P.infestans., and an unusually dry growing season), 
Team A was uncertain how to adapt their acquired knowledge to the new circumstances. As a result, 
coaching had to be brought in, continued mentoring had to be applied, and even confrontation had to 
be used to achieve the needed levels of understanding. 
 

4. CONCLUSION 
 
Conducting biotechnology field trials with actual GE material is a high-risk endeavor, especially when 
it is essential to obtain high-quality research results as efficiently as possible while maintaining strict 
control of regulated GE plant materials according to national and international regulations and 
requirements. It is incumbent upon the implementer to ensure that sufficient learning takes place that 
host country practitioners will be at the highest level of learning according to Bloom’s taxonomy, that 
is, the creative stage, able to encounter new and unexpected circumstances and able to respond 
appropriately because sufficient grasp of the principles and the base knowledge have been gained to 
allow for the creative application of the principles to new contexts. We owe it to ourselves and all of 
the scientific community as well as producers and consumers. 
 
Recognizing that obligation is what led not only to our original theory of change but also the changes 
made to that theory based on the experiences we encountered. As a result of our assumptions, at 
several points in the training process, we were required to adapt our plans to ensure satisfactory 
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outcomes. In the course of the collaborate, learn, and adapt cycle, we were able to identify several 
lessons learned which we share here. 
 
Base requisite knowledge: For projects, trainees, and institutions to benefit from experiential 
learning, there has to be a threshold of base knowledge present in the trainees. Some form of pre-test 
or qualifying exam should be part of the experiential learning process for there to be a sufficient base 
on which to scaffold new knowledge. In our case, we had to dismiss two of the ten trainees for lack of 
adequate base knowledge. The time, effort, and cost of their training, in the end, were lost since the 
trainees were never able to integrate new knowledge into their existing base knowledge. 
 
Prolonged training as well as mentoring and coaching: Our original timelines were too short. 
Although the five-month training was extensive and very valuable for our trainees, in the end, it was 
clear that we should have planned on a longer and more rigorous process. Even using the best of 
experiential learning techniques, a learning process of two to three years should be assumed to 
inculcate fully the principles needed for the safe and effective conduct of GE trials as well as the 
ability to successfully face and overcome unexpected obstacles. In addition, we found the need to 
have ongoing mentoring and coaching programs in place that allow for continual oversight. Even 
though the last stages of the live GE trial, there were still points that needed reinforcement and 
repetition. 
 
Frequent evaluation: One of the more effective adaptive practices that we established by way of 
necessity in the conduct of this training was the introduction of evaluations. This provided two 
important components of the experiential learning process. First, it allowed for frequent formative 
evaluation, giving us insight into how well the trainees had grasped the concepts that we had shared. 
This was especially important because we were working across cultures and languages. 
 
Simulated trials: We would highly recommend at least one simulated confined field trial using non-
GE materials in a no-risk environment during the initial implementation of a biotechnology project. 
Most of the deep learning took place in the course of these trials and it was surprising to see and 
learn what important misunderstandings remained after the extensive training had been undertaken. 
Some of these issues would have made moot the trial results or would have produced a high risk for 
non-compliance to regulations had it been at the time a trial with the actual GE plants. We now 
consider a simulated trial to be a core component of effective plant biotechnology field research 
training and the implementation of biotechnology projects. 
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