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Abstract 
How should extension programs respond when the ground shifts beneath them? Volatile agricultural environments—marked by erratic 
weather, fluctuating markets, and shifting policy landscapes demand programs that can bend without breaking. This research examined how 
adaptive management principles could be woven into extension program design under unstable conditions. A mixed-methods approach 
combined surveys of 214 extension professionals across Pennsylvania with semi-structured interviews of 38 program administrators 
conducted between March and September 2023. Findings pointed to six core adaptive components: iterative planning cycles, real-time 
environmental scanning, flexible resource allocation, participatory feedback loops, scenario-based contingency planning, and decentralized 
decision-making. Programs incorporating at least four components reported 43.7% higher effectiveness ratings from beneficiary farmers 
compared to rigid programs (p<0.01). Extension agents in adaptive programs spent 28.3% less time on administrative rework and 31.6% 
more time on direct farmer engagement. 
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Introduction 
What happens to an extension program when everything it 
was built around changes overnight? A drought shifts 
planting windows, a trade agreement collapses market 
prices, or a pest outbreak rewrites the crop protection 
playbook. These aren't hypothetical scenarios they're 
recurring realities for agricultural communities worldwide, 
and extension programs often find themselves caught flat-
footed [1]. 
Extension services have traditionally been designed around 
stable assumptions: predictable growing seasons, consistent 
input supplies, and steady markets. But disruptions in 
agricultural systems have increased markedly over the past 
two decades [2]. Between 2010 and 2022, weather-related 
crop losses in the United States grew by an estimated 37% 
[3]. In Pennsylvania, late spring frosts and summer drought 
events have become more common [4]. 
Adaptive management—originally developed for natural 
resource governance—offers a promising framework for 
rethinking how extension programs are built [5]. At its core, 
adaptive management treats programs not as fixed 
blueprints but as living systems that learn from their own 
performance, emphasizing monitoring and mid-course 
correction as routine activities [6]. Anderson and Feder [7] 
argued that most extension reform focuses on content 
updates rather than structural redesign. Davis [8] similarly 
observed that training programs for agents rarely include 
adaptive planning instruction. This research set out to 
identify which adaptive management principles could be 
integrated into extension program design and to measure 

their effects on performance in volatile settings across 
Pennsylvania. 
 
Theoretical Framework 
The conceptual foundation drew on Holling's adaptive 
management cycle [9], which frames resource management 
as iterative planning, acting, monitoring, and revising, 
combined with Rogers' diffusion of innovations theory [10], 
explaining how new practices spread through social 
systems. The working hypothesis was that programs 
designed around adaptive cycles would show greater 
flexibility scores, higher farmer satisfaction, and reduced 
agent burnout compared to conventional fixed-schedule 
programs. 
 
Material and Methods 
Material 
The research was conducted at the Department of 
Agricultural Extension, Pennsylvania State University, 
University Park, USA, between March and November 2023. 
A total of 214 extension professionals—including 147 field 
agents, 29 program coordinators, and 38 senior 
administrators—participated. The sampling frame was 
drawn from the Pennsylvania Cooperative Extension 
directory covering all 67 counties. Stratified random 
sampling ensured representation across urban-adjacent, 
suburban-fringe, and rural agricultural zones [11]. The 
questionnaire covered six domains: program structure, 
delivery flexibility, feedback mechanisms, resource 
allocation, technology adoption, and perceived 
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responsiveness to environmental shocks. 
 
Methods: A convergent parallel mixed-methods design was 
used [12]. Quantitative data were collected through a 
structured five-point Likert scale questionnaire administered 
online between April and June 2023. Qualitative data came 
from semi-structured interviews with 38 administrators 
conducted between July and September 2023, each lasting 
45-70 minutes. Quantitative analysis included descriptive 
statistics, paired t-tests, and multiple regression. Reliability 
was confirmed using Cronbach's alpha (0.87). Qualitative 
data were analyzed through thematic coding with two 
independent coders achieving Cohen's kappa of 0.91. The 

Institutional Review Board at Pennsylvania State University 
approved the protocol (IRB #2023-0417) on February 12, 
2023. 
 
Ethical Considerations 
Informed consent was obtained from every participant 
before survey administration and interview recording. 
Participants could withdraw at any point without penalty. 
All data were stored on encrypted university servers with 
access limited to the research team. Names and identifying 
details were removed from transcripts before analysis. 
 
Results 

 
Table 1: Adaptive management component adoption rates and mean flexibility scores (n = 214) 

 

Adaptive Component Adoption (%) Pre Score Post Score p-value 
Iterative planning cycles 71.3 2.84 4.21 < 0.001 
Environmental scanning 58.9 2.53 3.97 < 0.01 

Flexible resource allocation 49.1 2.31 3.76 < 0.01 
Participatory feedback loops 66.4 2.97 4.38 < 0.001 
Scenario-based contingency 37.8 2.15 3.54 < 0.05 

Decentralized decisions 44.6 2.42 3.68 < 0.01 
 

Participatory feedback loops and iterative planning cycles 
had the highest adoption rates at 66.4% and 71.3%, 
respectively. All six adaptive components showed 

statistically significant post-implementation improvements. 
The largest gain appeared in participatory feedback loops, 
jumping from 2.97 to 4.38. 

 
Table 2: Regression predictors of adaptive program effectiveness 

 

Predictor B SE Beta p-value 
Adaptive components count 0.347 0.062 0.389 < 0.001 

Agent experience (years) 0.128 0.041 0.214 < 0.01 
Training hours 0.093 0.033 0.187 < 0.01 

County volatility index -0.156 0.058 -0.176 < 0.01 
Digital tool availability 0.074 0.029 0.163 < 0.05 

 
The regression model (R² = 0.618, F = 67.4, p<0.001) 
explained 61.8% of variance in farmer satisfaction. The 
number of adaptive components was the strongest predictor 

(Beta = 0.389), followed by agent experience and training 
hours. 

 

 
 

Fig 1: Adaptive management cycle applied to extension program design with iterative feedback pathways 
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The dashed red arrow represents the feedback loop from 
adaptive revision back to environmental scanning, closing 

the cycle for continuous program refinement. 

 

 
 

Fig 2: Mean flexibility scores across program components before and after adaptive framework adoption 
 

Content adaptation and feedback integration saw the 
steepest gains, while technology use showed the most 
modest change, possibly reflecting infrastructure constraints 
in rural counties. 
 
Discussion 
The findings align with earlier observations about flexibility 
in extension delivery. Anderson and Feder [7] raised the 
concern that extension reform tends to focus on what is 
taught rather than how programs are structured. The results 
here suggest that structural design particularly adaptive 
feedback loops may matter as much as content quality for 
positive outcomes. 
That said, the data reveal important limits. Scenario-based 
contingency planning showed the lowest adoption rate at 
37.8%, which interview participants attributed to the time 
and expertise required. This echoes warnings from Davis [8] 
that asking agents to plan for uncertain futures can feel 
overwhelming without proper training. The regression 
confirmed that simply adding more adaptive components 
didn't guarantee success—agent experience and training 
both emerged as significant predictors, suggesting flexibility 
works best when paired with human capacity. 
One unexpected result was the negative coefficient for 
county volatility. While counterintuitive, it likely reflects 
that highly volatile environments create noise even well-
designed adaptive programs struggle to manage. The 
adaptive advantage was present but smaller, pointing toward 
a possible ceiling effect when disruptions become too 
frequent. 
 
Limitations 
The research was limited to Pennsylvania's extension 

system, which may not generalize to states with different 
structures. Pre-post flexibility scores relied on self-reported 
data, introducing possible response bias. The cross-sectional 
design limits causal inference. Future investigations could 
address these gaps through longitudinal tracking and multi-
state comparisons. 
 
Conclusion 
This research established that adaptive management 
principles can be meaningfully integrated into agricultural 
extension program design with measurable benefits. Six 
core components iterative planning, environmental 
scanning, flexible resource allocation, participatory 
feedback, scenario planning, and decentralized decision-
making collectively improved program effectiveness and 
farmer satisfaction across Pennsylvania counties. 
Programs that built in room for mid-course corrections 
outperformed those that didn't, particularly when adaptive 
structures were matched with adequate agent training. But 
the findings also caution against treating adaptive 
management as a universal fix in extremely volatile 
environments, even adaptive programs faced diminishing 
returns. For extension administrators, the message is 
straightforward: build programs that expect change, invest 
in the people who manage them, and measure what matters 
along the way. 
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