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 ABSTRACT- Kirkpatrick’s four-level model (reaction, learning, behavior, and results) is 

the most widely used framework for training effectiveness evaluation. In recognizing a lack of 

an evidence-based weighting framework for Kirkpatrick’s four evaluation levels, this study 

developed a practical weighting model based on expert consensus to improve the evaluation of 

agricultural extension training programs. This study aimed to determine expert-derived weights 

for the four levels of Kirkpatrick’s evaluation model and to establish cut-off points for the 

effectiveness grade of the composite effectiveness score for agricultural extension training 

courses. As a quantitative survey study, the target population consisted of Ph.D. specialists in 

agricultural extension and education working in universities, the Agricultural Research, 

Education and Extension Organization (AREEO), and Agricultural Extension Coordination 

Offices. A researcher-developed questionnaire was sent to 64 specialists. Fifty-one complete 

responses were received (response rate 79.7%). Data were analyzed using descriptive statistics 

(frequency, percentage) and inferential statistics (Pearson’s chi-square test). The findings 

showed no significant difference among university professors and AREEO personnel. The two 

groups had homogeneous opinions. Based on the weighted average method, the adjusted 

recommended weights for reaction, learning, behavior, and results were 15%, 20%, 35%, and 

30%, respectively. The proposed effectiveness grading cut-offs were: score > 80 (high), 60–80 

(moderate), 40–60 (weak), and < 40 (non-effective), which fully matched the specialists’ modal 

choice. The results of this study can provide a layout for standardizing effectiveness evaluation 

in agricultural extension training courses in Iran. 

INTRODUCTION  

Training effectiveness evaluation is a systematic process 

for determining the extent to which training programs 

achieve their intended objectives and contribute to 

improvements in participants’ knowledge, skills, 

behaviors, and organizational outcomes. In agricultural 

extension systems, where training serves as a key 

mechanism for enhancing farmers’ competencies, 

promoting technology adoption, and supporting rural 

development, rigorous evaluation is essential for 

ensuring the efficient use of educational resources and 

informing evidence-based decision-making. However, 

training outcomes extend beyond immediate participant 

satisfaction to encompass changes in learning, workplace 

behavior, and long-term impacts. Therefore, their 

assessment requires multidimensional evaluation 

frameworks capable of capturing these interconnected 

dimensions. Accordingly, comprehensive models such as 

Kirkpatrick’s four-level evaluation model have become 

widely recognized as effective frameworks for evaluating 

training effectiveness in both educational and extension 

contexts (Kirkpatrick & Kirkpatrick, 2016; Blume et al., 

2010; Faisal-E-Alam & Islam, 2025). In recent years, the 

evaluation of agricultural training and extension courses 

has emerged as an important research area in agricultural 

education, rural development, and human capital 

management. The complexity of skill-based learning 

systems in agriculture, the need to transfer practical 

knowledge to farmers, and the necessity of measuring the 

real returns of training at the farm and rural community 

levels have encouraged researchers to adopt 

multidimensional evaluation models. Among these 

models, Kirkpatrick’s four-level model (Kirkpatrick & 

Kirkpatrick, 2006; Kirkpatrick & Kirkpatrick, 2016), one 

of the most comprehensive, recognized, and widely used 

frameworks for training evaluation, has gained a 

particularly important position in studies of skill-based 

and extension training. Its four levels provide an 

appropriate framework for systematically assessing 

training outcomes across different dimensions, making 

the model well suited to research on the effectiveness of 
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agricultural training and extension courses. These four 

levels are: 

Reaction (R): Trainees’ satisfaction with training 

components (instructor, content, time, place, etc.). 

Learning (L): Increase in trainees’ knowledge, attitudes, 

and skills. 

Behavior (B): Application of learned knowledge and 

skills in the work environment (e.g., using micronutrients 

in the field). 

Results (O): Achievement of main goals and usefulness 

of training in work (e.g., increased yield). 

To calculate a composite effectiveness score, the raw 

score for each level (0–100) is multiplied by its 

corresponding weight, and the resulting products are 

summed. However, a major challenge in applying 

Kirkpatrick’s model is the absence of a standard and 

universal weighting system for the four levels. 

Researchers assign different weights depending on the 

type of training, target population, and objectives of the 

study. Although the model is widely accepted, there is no 

standardized procedure for weighting the four levels and 

aggregating their scores into a final effectiveness index. 

Many studies assign equal weights to all four levels, 

whereas recent evidence indicates that the relative 

importance of each level varies according to the nature of 

the training program, development objectives, and 

learner characteristics (Bakhshi Jahromi & Heydari, 

2022). In the absence of an absolute criterion for 

determining weights, two main approaches can be 

distinguished. The first is a subjective, theory-based 

approach, which relies on methods such as expert panels 

or the assumption of equal weights. The second is an 

objective, data-driven approach, in which weights are 

derived through statistical and mathematical techniques 

such as the Analytic Hierarchy Process (AHP), principal 

component analysis (PCA), and entropy weighting (Paul 

et al., 2024). Thus, weighting may be based on findings 

from the literature, expert judgment, multi-criteria 

decision-making methods such as AHP, or other 

statistical and mathematical techniques. PCA, in 

particular, is widely used and accepted in agricultural 

education and generally assumes linear relationships 

among variables. Paul et al. (2024), for example, 

investigated agricultural training courses at Farmers’ 

Training Centers (FTCs) in five Indian states and used a 

data-driven approach to calculate weights of 0.19, 0.23, 

0.33, and 0.25 for reaction, learning, behavior, and 

results, respectively. These findings assigned the greatest 

weight to Level 3 (behavior), indicating that behavior 

was the most influential level in determining the overall 

effectiveness of agricultural training. More generally, 

weighting patterns reported in the literature tend to assign 

the lowest weight to reaction and greater weights to 

behavior and results (Reddy & Kumar, 2020). This 

pattern is consistent with the perspective of Kirkpatrick 

and Kirkpatrick (2016), who emphasize the greater 

importance of higher-level outcomes. However, not all 

studies follow this pattern. For example, Song (2024) 

proposed weights of 0.20, 0.30, 0.25, and 0.25 for 

reaction, learning, behavior, and results, respectively. 

Although these weights differ from the relative emphasis 

suggested by the originators of the model, they were 

derived in the context of a large industrial manufacturing 

company. The nature of industrial manufacturing training 

differs substantially from that of agricultural training, 

particularly in terms of work environments, skill 

requirements, technology adoption, and the transfer of 

learning to farm-level practice. Therefore, differences in 

weighting across studies may partly reflect differences in 

the contexts and objectives of the training programs 

being evaluated. 

In agricultural extension training, determining the 

relative weight of each level of Kirkpatrick’s model is 

particularly important because the ultimate goal of these 

courses is not merely to transfer knowledge but also to 

promote sustainable behavioral change on farms and 

improve the productive and economic performance of 

farmers and producers. Therefore, establishing 

contextually appropriate, expert-derived weights for the 

four levels can play an important role in providing a 

realistic assessment of overall training effectiveness. 

Kirkpatrick’s model, which has been a dominant 

framework for training evaluation in organizational and 

educational settings since the 1950s, assumes that 

genuine training effectiveness should extend beyond 

initial participant satisfaction to encompass behavioral 

change and practical results. This perspective is 

particularly relevant to skill-based agricultural training, 

in which the success of training ultimately depends on 

whether farmers apply the knowledge and skills acquired 

during training and whether such application leads to 

observable production or economic outcomes. Recent 

evidence from agricultural training supports this view, 

indicating that the third and fourth levels are more 

important than the first two (Paul et al., 2024). 

Kirkpatrick and Kirkpatrick (2016) similarly emphasize 

the importance of Level 3 (behavior), identifying it as the 

most important level and Level 1 (reaction) as the least 

important. Several approaches can be used to determine 

the relative weights of the four levels. Some researchers 

assign equal weights of 25% to each level, whereas others 

derive weights from expert judgments (Praslova, 2010). 

Two approaches are particularly relevant to the present 

context: equal weighting and expert-based weighting. 

Equal weighting: The simplest method for 

aggregating the four Kirkpatrick levels is to calculate 

their arithmetic mean and assign an equal weight of 25% 

to each level (Praslova, 2010). Although this approach is 

straightforward and computationally simple, it has been 

criticized on methodological grounds because it assumes 

that all four levels are equally important. In skill-based 

agricultural training, this assumption is often unrealistic 

because behavioral change and productive or economic 

results are generally more consequential than 

participants’ initial satisfaction with the training.  

Expert-based weighting: Another widely used 

approach is to determine weights through expert 

judgment, using techniques such as the AHP, the Delphi 

method, or pairwise comparisons. Experts in agricultural 

education, extension, and training evaluation assess the 

relative importance of the four levels based on their 

knowledge of the training context, objectives, and 

expected outcomes. The principal advantage of this 

approach is its flexibility and its ability to incorporate 

contextual knowledge that may not be captured by purely 

statistical methods. Recent research on agricultural 
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training evaluation indicates that experts tend to assign 

greater importance to Levels 3 (behavior) and 4 (results), 

because these levels are more directly associated with 

changes in farm performance and farmer productivity 

(Paul et al., 2024). 

Statistical weighting: In recent years, statistical methods 

such as PCA, structural equation modeling (SEM), and 

factor analysis have increasingly been used to identify data-

driven weights or assess the relative contribution of different 

indicators to a composite measure. Sathishwaran et al. 

(2025) examined the structural relationships among 

Kirkpatrick’s four levels using SEM and found that the 

direct and indirect effects of the different levels on final 

training outcomes vary. Although their study did not 

directly use SEM to derive weights, these findings provide 

a methodological basis for assigning unequal importance to 

the four levels. In studies whose objective is to construct a 

composite effectiveness index, SEM can potentially provide 

a basis for weighting through standardized path coefficients, 

factor loadings, or total effects, depending on the structure 

of the model and the theoretical rationale for the index. 

Similarly, Paul et al. (2024) used PCA to derive indicator 

weights, demonstrating how data-driven methods can 

provide an alternative to subjective weighting. However, 

calculating a composite training effectiveness index raises 

another important question: What does the resulting score 

actually mean? For example, if the effectiveness score of a 

medicinal plant cultivation course is 67 on a 0–100 scale, it 

is necessary to determine whether 67 represents low, 

moderate, or high effectiveness. Without an interpretive 

framework, the numerical score alone provides limited 

practical information. Therefore, after calculating the final 

effectiveness score, researchers generally need to classify 

scores into meaningful categories or effectiveness levels. 

Such classification not only facilitates the interpretation of 

results but also supports managerial decision-making, 

comparison among courses, and prioritization of training 

programs. Several scientific approaches can be used to 

classify training effectiveness levels. One important basis is 

educational scaling theory, which provides a foundation for 

converting raw scores into interpretable categories in 

educational and psychometric assessment (Allen & Yen, 

2002; Cohen & Swerdlik, 2021). When educational 

evaluation scores are standardized on a 0–100 scale, the 

score range can be divided into several categories to make 

the level of performance or effectiveness easier to interpret. 

The boundaries of these categories can be established using 

different approaches, two of which are particularly relevant 

to training evaluation: the criterion-referenced approach and 

the equal-interval approach.  

Criterion-referenced approach: In many training 

effectiveness studies, classification is based on a criterion-

referenced rather than a norm-referenced framework. Under 

this approach, category boundaries are established 

according to educational objectives and desired levels of 

performance rather than the performance of other 

participants (Nitko & Brookhart, 2014). For example, a 

score below 40 could indicate failure to achieve the intended 

educational objectives, a score above 60 could indicate 

partial achievement, and a score above 80 could indicate a 

highly desirable level of effectiveness. This approach is 

particularly applicable to skill-based and agricultural 

training because the primary objective is to assess the extent 

to which participants achieve the intended competencies and 

demonstrate the desired behavioral changes, rather than to 

rank individuals against one another. 

Equal-interval approach: In this approach, the 0–100 

score range is divided into intervals of equal or 

approximately equal width. For example, the range can be 

divided into five categories such as 0–20, 21–40, 41–60, 61–

80, and 81–100, ranging from very poor to very strong 

effectiveness. The main advantage of this method is its 

simplicity and ease of interpretation. It also facilitates 

comparisons among courses or training programs by 

providing a common classification scale. However, because 

the category boundaries are determined mathematically 

rather than by reference to specific educational objectives, 

the resulting categories should be interpreted as descriptive 

levels rather than as direct evidence that a particular 

educational standard has or has not been achieved. 

Mean and standard deviation classification: Some 

researchers use a statistical approach in which 

effectiveness levels are classified based on the mean and 

standard deviation of the observed scores. Under this 

approach, the overall mean effectiveness score is 

calculated, and categories are defined according to the 

distance of scores from the mean. For example, the 

middle category may include scores within ± 0.5 standard 

deviation of the mean, or, in some applications, within ± 

1 standard deviation, with the remaining categories 

defined by adjacent ranges. This approach is based on z-

scores and the properties of the normal distribution. Its 

main advantage is that the resulting classification reflects 

the actual distribution of the data. However, its main 

disadvantages are its dependence on the sample and the 

difficulty of making comparisons across studies. If the 

population or sample changes, the mean and standard 

deviation also change, and the same score may 

consequently be assigned to a different effectiveness 

category. Therefore, this approach is used less frequently 

in applied agricultural extension research. For example, 

Paul et al. (2024) used the mean and half of the standard 

deviation of aggregated weighted indices to classify the 

effectiveness of training courses into three categories: 

high, medium, and low (Table 1), assuming a normal 

distribution of the index values. This represents a data-

driven approach because the classification thresholds are 

derived from the observed distribution of the 

effectiveness index. However, in many agricultural 

extension studies, only one or a small number of 

extension courses are evaluated, and sufficiently large 

datasets may not be available to establish reliable 

distribution-based categories. Therefore, for interpreting 

and classifying the composite effectiveness index in the 

present study, a percentage-based evaluation scale with 

predefined cut-off points is proposed. 

 

 

Table 1. Effectiveness grading scale for training courses 

(Paul et al., 2024) 

Effectiveness score range Effectiveness grade 

E > X + 0.5σ High 

X̄ − 0.5σ ≤ E ≤ X̄ + 0.5σ Medium 

E < X̄ − 0.5σ   Low 
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Expert-based cut-off setting: In some studies, 

category boundaries are determined by specialists and 

subject-matter experts. In the educational measurement 

literature, this approach is known as standard setting and 

encompasses a range of methods for establishing 

performance standards and cut-off points 

(Tiyawongsuwan et al., 2013). The validity of expert-

based standard setting depends strongly on the selection 

of appropriate experts, their adequate training, and the 

use of systematic and structured procedures. Under this 

approach, a panel of experts applies a defined standard-

setting method to determine meaningful cut-off points. 

For example, experts may determine that a score below 

50 represents non-effective training, whereas a score 

above 75 represents desirable effectiveness. This 

approach is commonly used in skill-based training, 

professional assessment, and policy research. Expert 

judgments can subsequently be summarized and 

analyzed using different procedures, including modal 

frequency or weighted scales.  

Summary and research rationale: The evaluation of 

agricultural extension training courses continues to face 

methodological challenges because of the skill-based and 

applied nature of agricultural learning. Kirkpatrick’s 

model, one of the most comprehensive and widely used 

frameworks for training evaluation, encompasses four 

levels: reaction, learning, behavior, and results. 

However, two fundamental problems remain in the 

practical application of this model within Iran’s 

agricultural education system.  

Problem 1: Lack of a standard and locally appropriate 

weighting system: There is no established standard or 

locally validated system for assigning weights to the four 

Kirkpatrick levels and aggregating them into a composite 

training effectiveness index. Researchers and extension 

specialists in Iran may either assign equal weights to all 

four levels, despite their potentially different importance, 

or assign weights arbitrarily without a clearly established 

methodological basis. Consequently, effectiveness 

scores obtained from different evaluations may not be 

directly comparable, limiting their usefulness for 

evidence-based managerial decision-making.  

Problem 2: Lack of a standard grading scale: There is 

also no established standard grading scale or agreed set 

of cut-off points for interpreting the final composite 

effectiveness score. Without clearly defined thresholds, 

it is difficult to determine whether a given score 

represents low, moderate, or high training effectiveness. 

This limitation also complicates the comparison of 

courses and the prioritization of training programs for 

improvement or further investment. From a philosophical 

perspective, the present study adopts a pragmatic 

approach, recognizing that methodological decisions 

should be guided primarily by the nature of the research 

problem rather than by strict adherence to a single 

philosophical paradigm. While Kirkpatrick’s evaluation 

model provides a comprehensive conceptual framework 

for assessing training effectiveness, it does not specify 

the relative importance of its four evaluation levels or 

provide a standardized procedure for converting their 

scores into a single composite index. Consequently, 

determining appropriate weights requires informed 

methodological and professional judgment rather than 

relying exclusively on purely objective measurement. In 

this context, expert knowledge represents an important 

source of evidence for developing a practical and 

theoretically grounded weighting frame. Incorporating 

the judgments of appropriately selected experts can help 

establish weights that reflect the relative importance of 

the four levels within the specific context of agricultural 

extension training. Similarly, expert-based standard 

setting can provide theoretically and contextually 

meaningful cut-off points for interpreting the resulting 

composite effectiveness index. Together, these 

approaches can improve the consistency, transparency, 

comparability, and practical applicability of training 

effectiveness evaluation in agricultural extension 

systems. 

Recent studies have increasingly emphasized that 

training effectiveness should be evaluated using 

integrated and multidimensional frameworks rather than 

isolated indicators. Recent applications of Kirkpatrick’s 

evaluation model have also highlighted the need for 

quantitative approaches that combine expert judgment 

with statistical techniques to improve the interpretability, 

consistency, and practical applicability of evaluation 

results (Faisal-E-Alam & Islam, 2025; Sathishwaran et 

al., 2025). Nevertheless, no standardized framework has 

yet been proposed for assigning expert-derived weights 

to Kirkpatrick’s four evaluation levels or for establishing 

effectiveness-rating cut-off points specifically for 

agricultural extension training programs. Therefore, the 

central problem addressed in this research is the 

methodological gap resulting from the absence of a 

standard weighting and cut-off system for evaluating the 

effectiveness of Iranian agricultural extension courses. 

Given the importance of this issue, the present study 

addresses this gap by surveying specialists in agricultural 

extension and education in Iran and using a weighted-

average method to aggregate their judgments. Unlike an 

approach based solely on the mode, the weighted-average 

method takes into account the full distribution of expert 

responses and therefore provides a more comprehensive 

representation of the collective judgment. Accordingly, 

the objectives of this study are to: 1. Determine the 

expert-derived weight assigned to each of Kirkpatrick’s 

four evaluation levels. 2. Determine an appropriate 

grading scale and cut-off points for interpreting the 

composite training effectiveness score. 3. Investigate 

whether specialists’ workplace or organizational setting 

influences their judgments regarding the relative 

importance of the four Kirkpatrick levels and the 

proposed effectiveness scale. 

MATERIALS AND METHODS  

This research employed a quantitative survey design using 

a researcher-developed questionnaire. The study population 

consisted of Ph.D. specialists in agricultural extension and 

education working at universities, the AREEO, and 

Agricultural Extension Coordination Offices. These groups 

were selected because of their pivotal roles in Iran’s 

agricultural education and extension system. Participants 

were not randomly selected; rather, they were purposively 

recruited based on their relevant expertise and professional 

experience in agricultural extension and education. 
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Specifically, these groups were deliberately targeted 

because they represent major producers of scientific 

knowledge and key implementers of agricultural education 

and extension training programs. The questionnaire was 

developed as an online instrument and distributed through 

social media to 64 Ph.D. specialists in agricultural extension 

and education in Iran. A total of 51 complete responses were 

received, yielding a response rate of 79.7%. Among the 

respondents, 28 (54.9%) were university professors, 19 

(37.3%) were personnel of AREEO, including faculty 

members, researchers, and instructors, and 4 (7.8%) were 

personnel of Agricultural Extension Coordination Offices. 

In expert-based survey research targeting Ph.D. specialists 

in a specific field, sample sizes are typically substantially 

smaller than those used in general population surveys. The 

recruitment of 64 experts was considered adequate for the 

present expert-based judgment study because the objective 

was not statistical inference from a representative 

population sample, but rather the elicitation of informed 

expert judgments and the identification of areas of 

consensus. Furthermore, the response rate of 79.7% 

indicates a high level of participant engagement and 

provides a strong basis for the analysis of the collected 

expert judgments. Previous methodological studies have 

emphasized that, in expert-based approaches, the quality 

and expertise of participants are more important than sample 

size (Okoli & Pawlowski, 2004; Hsu & Sandford, 2007). 

Similarly, studies involving the construction of composite 

indices have relied on expert judgment to assign indicator 

weights when no established objective weighting 

framework is available (te Lintelo et al., 2014).  

The questionnaire was brief and consisted of four 

questions: one question on workplace; one five-option 

question concerning the weighting of Kirkpatrick’s four 

evaluation levels (Table 1); one four-option question 

concerning the cut-off points for the effectiveness grading 

scale (Table 2); and one open-ended question inviting 

additional explanations or comments. The questionnaire 

was specifically developed to elicit expert judgments 

regarding the relative importance of Kirkpatrick’s four 

evaluation levels and the corresponding effectiveness rating 

scale. Therefore, the primary methodological concern was 

to establish the content validity of the instrument rather than 

to assess its internal consistency. To establish content 

validity, the initial version of the questionnaire was 

reviewed by five specialists in agricultural extension and 

education. They assessed the relevance, clarity, 

comprehensiveness, and appropriateness of each question in 

relation to the study objectives. Their comments and 

suggestions were incorporated into the final version of the 

questionnaire before data collection. Because each expert 

judgment was obtained through a single item rather than a 

multi-item scale, internal consistency reliability indices, 

such as Cronbach’s alpha, were not applicable. Such indices 

are designed for instruments containing multiple items that 

measure the same underlying construct. In contrast, the 

present questionnaire consisted of independent single-item 

questions designed to elicit expert judgments on distinct 

methodological issues. Accordingly, the quality of the 

instrument was established primarily through content 

validation by expert review. 

Data were analyzed using SPSS version 26 using both 

descriptive and inferential statistical methods. Absolute 

and relative frequencies were calculated for each 

response option concerning the proposed weights and 

effectiveness grading scale, both for the total sample and 

by workplace. To examine the association between 

workplace and the selected weight option, as well as 

between workplace and the selected grading-scale 

option, Pearson’s chi-square test was performed using 2 

× 5 and 2 × 4 contingency tables, respectively. The 

significance level was set at 0.05. The Agricultural 

Extension Coordination Offices group (n = 4) was 

excluded from the chi-square analyses because its small 

sample size could violate the assumptions of the chi-

square test. Two methods were used to determine the 

final weight assigned to each Kirkpatrick level. The first 

method was based on the modal response, in which the 

weight set receiving the highest frequency of specialist 

responses was selected as the preferred weighting 

scheme. In the second method, based on the weighted 

average, the final weight Ws for each level s∈ {R, L, B, 

O} was calculated according to Eq. (1). 

𝑊𝑆 =
∑ (𝑓𝑖×𝑝𝑖,𝑠)

5

𝑖=1

𝑁
 Eq. (1) 

where: 

• fi = number of respondents who chose weight option i (i 

= A, B, C, D, and E) 

• pi, s = percentage assigned to level s in option i 

• N = total respondents (51) 

Similarly, two methods were used to determine the 

cut-off points for the effectiveness grading scale. The 

first method was based on the modal response, in which 

the grading-scale option receiving the highest frequency 

of specialist responses was selected. In the second 

method, the weighted-average approach was used. Under 

this approach, the threshold (T) for each boundary 

between two adjacent effectiveness categories—High–

Moderate, Moderate–Weak, and Weak–Non-effective—

was calculated as follows: 

T =
∑ (𝑓𝑗 ×𝑡𝑗)

4

𝑗=1

𝑁
  Eq. (2) 

where: 

• fj = number of respondents who chose scale option j (j 

= A, B, C, and D) 

• tj = numerical boundary value from that option (e.g., 

for High–Moderate: 90 for A, 85 for B, 80 for C, and 

75 for D) 

• N = 51 

RESULTS AND DISCUSSION  

Before analyzing the main results, it was necessary to 

determine whether the two respondent groups, i.e., 

university professors and AREEO personnel, differed 

significantly in their opinions regarding the weights 

assigned to the four Kirkpatrick levels and the proposed 

effectiveness grading scale. For this purpose, Pearson’s 

chi-square test was used to compare the responses of the 

two groups. The results are presented in Table 2. 
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Table 2. Testing homogeneity of opinions between university 

professors and Agricultural Research, Education and 

Extension Organization (AREEO) personnel (chi-square) 

Variable χ² df p-value Interpretation 

Level weight 

option 

0.86 4 0.93 No significant 

relationship 

Grading scale 

cut-off option 

4.10 3 0.25 No significant 

relationship 

The results show that the p-value for the weight 

options was 0.93, indicating no significant association 

between workplace and the choice of weight set. In other 

words, the responses and opinions of the two groups were 

similar. Accordingly, the responses of both groups were 

pooled and presented jointly. The primary objective of 

this study was to establish expert consensus (consensus 

building) for the standardization of the evaluation 

system, rather than to examine differences in experts’ 

viewpoints. Consensus reflects the homogeneity and 

stability of expert opinions at the national level, which is 

highly valuable from a policy-making perspective 

because it facilitates the development of a single, unified 

standard. Therefore, the identification of consensus 

represents a strength of this research. Moreover, the p-

value for the grading-scale cut-off option was 0.25, 

which was also non-significant. Therefore, there was no 

significant association between workplace and the choice 

of grading scale, with both groups predominantly 

expressing similar opinions. In summary, workplace 

(university versus AREEO) was not significantly 

associated with either the choice of level weights or the 

effectiveness grading scale. Thus, the specialists’ 

opinions from both sectors were sufficiently 

homogeneous, and the aggregated results (N = 51) could 

be used as a basis for decision-making. The non-

significant chi-square results provide evidence of 

agreement among the participating specialists and 

support the development of unified recommendations. 

A: analysis of weights for Kirkpatrick’s four levels 

One of the most important recent developments in 

training evaluation is the move toward designing 

composite effectiveness indices. In this approach, the 

score of each Kirkpatrick level is multiplied by its 

corresponding weight, and the sum forms the final 

effectiveness index. The general formula for the final 

training effectiveness index, calculated as a weighted 

average of the four Kirkpatrick levels, can be expressed 

as: 

E = (WR × R) + (WL × L) + (WB × B) + (WO × O)

 Eq. (3) 

where: 

• E = final training effectiveness index 

• R, L, B, and O = scores for reaction, learning, behavior, 

and outcomes/results (each 0–100) 

• WR, WL, WB, and WO  = corresponding weights 

All scores are in the range of 0–100. The main 

advantage of this approach is that it reflects the true 

importance of each level in the final evaluation. In 

agricultural extension training, this is especially 

important because some courses may generate high 

satisfaction but fail to change farmers’ behavior or 

improve their performance. Hence, the question arises: 

what should be the weight of each level in the composite 

index for agricultural extension training courses? Table 3 

shows the absolute and relative frequencies of the 

extension specialists’ responses (N = 51) for each weight 

option. The sum of the weights for the levels in each 

option equals 100. Option D (10% reaction, 25% 

learning, 35% behavior, and 30% results) had the highest 

frequency (41.2%). Option E ranked second, Option B 

third, and Options A and C jointly fourth. The weighted 

average for the Kirkpatrick level weights (second 

method) was also calculated using Eq. (1), and the results 

are presented in Table 4. These results show minor 

differences from Option D, which was the modal choice. 

Although using weighted coefficients can increase 

evaluation accuracy, it also presents challenges. First, 

there is the subjectivity of expert judgment in 

determining the weights; second, the weights depend on 

the research context and the type of training program. 

The “proposed adjusted weights” are a combination of 

data, theory, and practicality: a theory-driven empirical 

adjustment. This adjustment both references theoretical 

foundations and shows that these weights do not deviate 

significantly from the collected data. 

 

Table 3. Frequency distribution of weight options 

Option Level weight (%) Frequency Percent 
 

Reaction (R) Learning (L) Behavior (B) Results (O) Sum 

A 25 25 25 25 100 6 11.8 

B 20 25 30 25 100 7 13.7 

C 15 20 30 35 100 6 11.8 

D 10 25 35 30 100 21 41.2 

E 10 20 30 40 100 11 21.6 

Total 51 100 
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Table 4. Weighted average calculation for each level 

Level 𝒇𝒊×𝒑𝒊,𝒔 N Weighted average (%) Final rounded weight (%) 

Reaction (R) 700 51 13.73 14 

Learning (L) 1190 51 23.33 23 

Behavior (B) 1605 51 31.47 32 * 

Results (O) 1605 51 31.47 31 

Total – – 100 *To reach exact sum of 100, 1% added to Behavior (most important 

level per Kirkpatrick). 

 

From a methodological perspective, the weights derived 

from the weighted average (14, 23, 32, and 31) provide 

the most precise reflection of the collective expert 

opinion. However, from a practical and theoretical 

perspective, it is sometimes necessary to adjust the 

weights for simplicity or better alignment with theory. 

Therefore, it is appropriate to align the research findings 

with the theoretical foundations of the model’s 

originators. Accordingly, adjusted weights of 15%, 20%, 

35%, and 30% are proposed (Table 5), and the scientific 

reasoning behind this adjustment is explained below. 

Table 5. Kirkpatrick level weights based on different criteria 

Level Option D 

weight (%) 

Weighted 

average (%) 

Recommended 

weights (%) 

Reaction (R) 10 14 15 

Learning (L) 25 23 20 

Behavior (B) 35 32 35 

Results (O) 30 31 30 

Theoretical foundation: Explicit priority of levels 

according to Kirkpatrick 

Kirkpatrick and Kirkpatrick (2016) explicitly state that 

“Level 3 (behavior) is the most important level because, 

without behavioral change in the work environment, no 

real performance improvement occurs. On the other 

hand, Level 1 (reaction) is the least important level and 

should not be overemphasized because trainee 

satisfaction does not necessarily lead to performance 

change.” This logic aligns with the philosophy of skill-

based agricultural training. Taylor and Bhasme (2018) 

also state that behavioral change on the farm and 

increased yield are the ultimate goals of agricultural 

extension training. Accordingly, any valid weighting 

system must satisfy two basic conditions: 

• Weight of behavior > Weight of other levels (the 

highest weight) 

• Weight of reaction < Weight of other levels (the lowest 

weight) 

All three weighting criteria in Table 5 satisfy these 

conditions, but in the weighted average, the gap between 

behavior and results is very small. 

Alignment with expert opinions (research data) 

The research data showed that in Option D (the most 

frequent), behavior weight is 35%. The proposed 

adjusted weights (15, 20, 35, and 30) are a combination 

of the modal option (D) and the weighted average: 

• Behavior weight (35%) is exactly from Option D. 

• Results weight (30%) is exactly from Option D. 

• Reaction weight (15%) is close to the weighted average 

(14%) and also matches Option C (which had 12% of 

responses). 

• Learning weight (20%) is close to the weighted average 

(23%) and matches Option E (20%) with over 21% of 

responses. 

Practical-theoretical adjustment 

In survey methodology, weights obtained from weighted 

averages (e.g., 14, 23, 32, and 31) may be unnecessarily 

precise for use in a simple composite formula and for 

communication with stakeholders. In such cases, a theory-

driven empirical adjustment can be applied, whereby the 

empirically derived weights are rounded to practically 

meaningful values while remaining sufficiently close to the 

collective expert judgment. The proposed adjustment 

follows this principle. The reaction weight is adjusted from 

14% to 15%, as this represents only a minor deviation from 

the empirical estimate while providing a simple and easily 

interpretable value. The learning weight is adjusted from 

23% to 20%, consistent with the 20% learning weight 

assigned in both Options C and E, which together were 

supported by 33% of respondents. The behavior weight is 

increased from 32% to 35% to give greater emphasis to 

behavior, consistent with its theoretical priority and with the 

weighting assigned in the modal Option D. Finally, the 

results weight is adjusted from 31% to 30% to provide a 

simple and easily interpretable value while maintaining the 

required total of 100%. Thus, the proposed weights (15%, 

20%, 35%, and 30%) represent a deliberate balance between 

empirical evidence, theoretical considerations, and practical 

usability. 

Distance from weighted average (absolute error) 

Calculating the absolute deviation (sum of the absolute 

differences) for the proposed adjusted weights shows that 

the distance is relatively small (8 percentage points), 

indicating that the proposed weights are close to the mean 

expert opinion: 

Absolute error = ∣15 − 14∣ + ∣20 − 23∣ + ∣35 − 32∣ + ∣30 − 

31∣ = 1 + 3 + 3 +1 = 8 

There is no universal absolute threshold for what 

constitutes a “small” error in such contexts. Therefore, 

describing an error of 8 percentage points as “relatively 

small” is a relative judgment. Considering the possible 
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range of weight changes (0 to 100 for each level), the 

maximum possible absolute difference between two weight 

sets (e.g., {100, 0, 0, 0} versus {0, 0, 0, 100}) is 200 

percentage points. The error in this study is 8 percentage 

points; thus, the ratio of the observed error to the maximum 

possible error is 8/200 = 4%. From this perspective, an 8-

percentage-point deviation can be considered “relatively 

small.” 

Sensitivity analysis 

To ensure that this adjustment does not substantially alter 

the final evaluation of courses, a simple sensitivity analysis 

was performed. Assume a hypothetical course scores: 

reaction 77, learning 70, behavior 60, results 35. Calculating 

the composite effectiveness score with both weight sets: 

- Weighted average weights (14, 23, 32, and 31) 

- E = (0.14 × 77) + (0.23 × 70) + (0.32 × 60) + (0.31 × 35) 

= 10.78 + 16.10 + 19.20 + 10.85 = 56.93 

- Proposed adjusted weights (15, 20, 35, and 30) 

- E = (0.15 × 77) + (0.20 × 70) + (0.35 × 60) + (0.30 × 35) 

= 11.55 + 14.00 + 21.00 + 10.50 = 57.05 

The difference is negligible (0.12 points). Thus, the 

sensitivity analysis shows that using the adjusted weights 

instead of the weighted average does not cause a meaningful 

change in the ranking of course effectiveness while 

respecting the theoretical framework. The proposed 

adjusted weights are considered “valid” because they: (1) 

adhere to theory, (2) have a small deviation from the 

experts’ weighted average, (3) are rounded and easy to 

understand, ensuring high practicality, and (4) are supported 

by the opinions of agricultural extension and education 

specialists. These weights maintain the ranking structure 

derived from the data while ensuring full alignment with the 

theoretical foundations of the model. This indicates that the 

proposed adjustment improves theoretical consistency 

without materially affecting the composite effectiveness 

score. 

B: Analysis of the grading cut-offs for effectiveness of 

skill-based agricultural extension training courses 

After calculating the composite evaluation score, the next 

question is: what does this score indicate? How should the 

course be judged? Is it effective or not? If it is effective, to 

what degree? This is where the second objective of the study 

arises: determining the cut-offs for the effectiveness grades. 

Table 6 shows the frequency distribution of the scale options 

for effectiveness grading (range 0–100). The results show 

that, from the perspective of extension specialists, Option C 

(43.1%) is the most appropriate set of cut-offs for grading 

the effectiveness of agricultural skill-based training courses. 

Option D ranked second (37.3%), followed by Options B 

and A. Option A was very strict and was approved by only 

4% of specialists. As previously mentioned, a second 

method based on the weighted average was also used to 

determine the effectiveness grading cut-offs. The results of 

the weighted average for the cut-offs (second method) are 

shown in Table 7. These cut-offs are highly consistent with 

Option C. Therefore, Option C is recommended as the 

effectiveness grading scale. The cut-offs (80, 60, and 40) are 

easy to understand, memorable, and compatible with 

conventional scoring systems. Recent research in 

agricultural extension training evaluation has moved toward 

developing quantitative and composite frameworks based 

on Kirkpatrick’s model. Recent studies emphasize that 

using equal weights for the four levels cannot provide an 

accurate picture of actual training effectiveness. In contrast, 

the weighted average approach, based on expert opinion, 

statistical analysis, and structural modeling, allows for more 

precise measurement of training effectiveness. Moreover, 

using both subjective and data-driven methods can lead to 

more valid weights (Sathishwaran et al., 2025). 

The findings of the present study show that Iranian 

agricultural extension and education specialists assign 

different weights to Kirkpatrick’s four levels; specifically, 

they attribute greater importance to “behavior” (applying 

knowledge on the farm) and “results” (improving 

productive and economic performance) than to “reaction” 

and “learning.” This finding is fully consistent with the 

perspective of the model’s theorists (Kirkpatrick & 

Kirkpatrick, 2016), who identify Level 3 (behavior) as the 

most important and Level 1 (reaction) as the least important. 

The results also align with recent international studies, such 

as Paul et al. (2024), conducted in Indian Farmers’ Training 

Centers, which reported weights of 0.19, 0.23, 0.33, and 

0.25 for reaction, learning, behavior, and results, 

respectively. In both studies, behavior received the highest 

weight and reaction the lowest. The minor differences may 

be attributed to the differences in agricultural structures 

between Iran and India, differing development priorities, or 

differences in the composition of the expert panels. Song 

(2024), conducted in an industrial company, reported a 

different weighting pattern that contrasts with the present 

findings. This further confirms that the nature of training 

courses (agricultural versus industrial) can significantly 

affect the weighting of Kirkpatrick’s levels. 

In skill-based agricultural training, “behavior” and 

“results” usually have the greatest importance because the 

ultimate goal is to create lasting changes in productive and 

farm activities and, ultimately, to improve farmers’ 

productivity and performance. However, it is also essential 

to note that Levels 3 (behavior) and 4 (results) are influenced 

not only by training but also by climatic, environmental, 

policy, and institutional support structures. In other words, 

achieving or not achieving Levels 3 and 4 is not solely 

dependent on educational factors. The influence of non-

educational factors is much greater at Level 4 than at Level 

3. Therefore, the weight assigned to behavior in agricultural 

skill-based training should be higher than that assigned to 

results. Moreover, in agricultural training, the primary goal 

is behavioral change among farmers because economic 

results are not sustainable without behavioral change. 

Therefore, designing an effectiveness index based on 

expert-derived weights can be a valuable tool for 

policymakers, educational managers, and agricultural 

extension systems to evaluate and improve the quality of 

training programs. This research is a quantitative study that, 

in addition to considering the frequency of expert opinions, 

used the weighted average method to aggregate expert 

opinions on Kirkpatrick level weights and effectiveness 

grading cut-offs for skill-based agricultural extension 

training courses. 

Another notable finding is the homogeneity of 

opinions among agricultural extension and education 

specialists working in universities and AREEO. The Chi-
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square test results showed that workplace had no 

significant effect on the choice of level weights or 

grading scale. This finding indicates a reasonable 

consensus among experts in this field in Iran, which 

increases the validity and generalizability of the results. 

In other words, regardless of organizational context, 

experts hold similar views on the relative importance of 

Kirkpatrick’s levels. Iranian agricultural extension and 

education specialists clearly prefer a set of weights that 

balances behavior and results when evaluating training 

effectiveness. Unlike simply selecting the modal option, 

the weighted average method uses the full distribution of 

responses and thus takes minority viewpoints into 

account (Norman, 2010). Following the theory-driven 

empirical adjustment approach and the sensitivity testing 

framework (te Lintelo et al., 2014; Zardari et al., 2015), 

the weights derived from the weighted average were 

adjusted to theoretically aligned values while ensuring 

that the absolute deviation (8 percentage points, i.e., 4% 

of the maximum possible error) remained within an 

acceptable range and that the practicality of the 

composite index was enhanced. The sensitivity analysis 

was conducted to examine whether the proposed 

theoretical adjustment would materially influence the 

final effectiveness score. Such analyses are commonly 

recommended when empirical values are modified for 

theoretical or practical considerations (te Lintelo et al., 

2014; Zardari et al., 2015). Therefore, to achieve full 

alignment with Kirkpatrick’s theoretical foundations 

while maintaining proximity to the empirical findings, 

the following adjusted weights and final effectiveness 

formula are recommended for calculating the 

effectiveness of skill-based agricultural extension 

training courses (Table 8). These weights respect 

Kirkpatrick’s theoretical principles, have acceptable 

expert support, and are practically applicable for 

evaluating agricultural skill-based courses. 

The adjusted weights are 15%, 20%, 35%, and 30%, 

with behavior (application of knowledge on the farm) 

receiving the highest weight and reaction (satisfaction) 

the lowest. The formula assumes that the score for each 

level has been scaled or standardized (e.g., scores 

calculated on a 0–100 scale). This approach allows for 

the calculation of a total effectiveness score and objective 

comparison of different courses. Regarding the grading 

cut-off scale, Option C (with a threshold of 80 for “high 

effectiveness”) received the highest level of agreement 

and frequency among experts, and the weighted average 

calculation also confirmed this classification. These cut-

offs represent a balanced approach, neither as strict as 

Option A (90 for high) nor as lenient as Option D (75 for 

high), and are consistent with common grading systems 

in educational evaluation. The derived grading scale 

(Option C) is both the modal choice and the result of the 

weighted average, providing strong support for its use. 

The cut-offs (80, 60, and 40) are easy to understand, 

memorable, and compatible with conventional scoring 

systems. Therefore, Option C is recommended as the 

“effectiveness grading scale for skill-based agricultural 

extension training courses” (Table 9). 

 

Table 6. Frequency distribution of effectiveness grading cut-off options 

Option High effectiveness Moderate effectiveness Weak 

effectiveness 

Non-effective Frequency Percent 

A Score > 90 90 ≥ Score > 70 70 ≥ Score > 50 50 ≥ Score 2 3.9 

B Score > 85 85 ≥ Score > 70 70 ≥ Score > 55 55 ≥ Score 8 15.7 

C Score > 80 80 ≥ Score > 60 60 ≥ Score > 40 40 ≥ Score 22 43.1 

D Score > 75 75 ≥ Score > 55 55 ≥ Score > 35 35 ≥ Score 19 37.3 

Total 51 100 

 

 

Table 7. Weighted average calculation for determining effectiveness grading thresholds 

Boundary Product (𝒇𝒋×𝒕𝒋) n Weighted average cut-offs Rounded cut-offs 

High–Moderate 4045 51 79.31 79 

Moderate–Weak 3065 51 60.10 60 

Weak–Non-effective 2085 51 40.88 41 

 

Table 8. Weights for Kirkpatrick’s effectiveness evaluation model levels for skill-based agricultural extension training courses 

Level Adjusted weight (%) 

Reaction (R) 15 

Learning (L) 20 

Behavior (B) 35 

Results (O) 30 

Effectiveness formula: E =(0.15 × R) + (0.20 × L) + (0.35 × B) + (0.30 × O)* 

* R, L, B, O are the normalized scores (0–100) for reaction, learning, behavior, and results, respectively. 
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CONCLUSION  

In conclusion, this study provides an evidence-based and 

locally calibrated framework for evaluating the 

effectiveness of skill-based agricultural extension 

training courses in Iran. The proposed composite 

effectiveness index assigns the highest weights to 

behavior and results, reflecting the primary goal of 

agricultural extension: sustainable on-farm change and 

improved productivity. Furthermore, the established 

grading cut-offs (high > 80, moderate 60–80, weak 40–

60,  and non-effective ≤ 40) provide a clear and 

interpretable scale for assessing training performance, 

while the consensus observed between university and 

research organization specialists confirms the robustness 

and generalizability of the proposed weighting and 

grading system. Consequently, adopting this 

standardized approach can enhance transparency, 

comparability, and evidence-based decision-making in 

agricultural training evaluation, ultimately contributing 

to more effective extension programs. To the best of the 

author’s knowledge, this is the first study in Iran to 

propose an expert-derived weighting system and an 

effectiveness grading scale for Kirkpatrick’s four-level 

evaluation model in agricultural extension training. The 

results of this study can serve as a “local standard” for 

evaluating the effectiveness of agricultural extension 

training courses in Iran, contributing to transparency, 

comparability, and evidence-based decision-making 

within the country’s agricultural education and extension 

system. 

Based on the findings, the following 

recommendations are provided in two categories: 

practical and research.  

A) Practical recommendations (for policymakers, 

managers, and extension specialists)  

Use of proposed weights in official evaluations: All 

institutions responsible for agricultural training and 

extension (AREEO, Agricultural Extension Coordination 

Offices, universities, and agricultural higher education 

centers) are advised to use the weights of 15%, 20%, 

35%, and 30% for reaction, learning, behavior, and 

results, respectively, when evaluating the effectiveness of 

their training-extension courses. This will enable 

standardized comparison of different courses. The 

recommended weights have a theoretical basis, expert 

consensus, ease of understanding and application, and 

align with the ultimate logic and goals of agricultural 

extension.  

Design of an integrated scoring system: It is 

recommended to develop software or an electronic 

system based on the composite effectiveness index (E = 

(0.15 × R) + (0.20 × L) + (0.35 × B) + (0.30 × O)) so that 

extension specialists can easily calculate and classify the 

effectiveness of delivered courses.  

Prioritize behavior and results levels in course design: 

Given the high weights of behavior and results, course 

designers should focus most on components that lead to 

sustainable behavioral change on the farm and 

improvement in farmers’ productive and economic 

performance. Simply generating satisfaction or 

theoretical knowledge is insufficient.  

Use proposed cut-offs for standardized judgment: 

The cut-offs established in Table 9 should be used as a 

basis for managerial decision-making (e.g., continuing, 

revising, or terminating courses). Courses with an 

effectiveness score below 40 require fundamental 

revision. 

Incorporate weights and cut-offs into evaluation 

guidelines: AREEO and the Deputy for Education and 

Extension of the Ministry of Agriculture can integrate 

these findings into national guidelines for evaluating 

extension courses. 

B) Research recommendations (for researchers and 

graduate students) 

Field validation of proposed weights: It is recommended 

to conduct an independent study using real data from 

dozens or hundreds of training-extension courses (with a 

large sample of participating farmers) and validate the 

proposed weights through data-driven statistical methods 

such as PCA or SEM.  

Comparison of different weighting methods: Future 

research can compare the weights derived from the 

expert-based approach (the present method) with those 

from other methods such as AHP, Shannon entropy, and 

factor analysis to assess agreement and stability.  

Investigate the effect of course characteristics on 

weights: It is recommended to examine whether course 

topic, duration (short-term vs. long-term), target group 

(smallholder vs. industrial farmers), and geographical 

region affect the weights of Kirkpatrick’s levels.  

Develop specific cut-offs for agricultural sub-sectors: 

The present study proposed general cut-offs for 

agricultural sciences. Subsequent studies can develop 

specific cut-offs for different sub-sectors (agronomy, 

horticulture, animal husbandry, fisheries, and natural 

resources). 

International comparative study: It is recommended 

to conduct a similar study in other countries in the region 

to enable a regional model for weighting and 

effectiveness cut-offs in agricultural training. 

Table 9. Effectiveness grading scale for skill-based agricultural extension training courses 

Effectiveness score Grade of effectiveness 

Score > 80 High 

60 < Score ≤ 80 Moderate 

40 < Score ≤ 60 weak 

Score ≤ 40 Non-effective/needs redesign 
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Examine the effect of contextual factors on expert 

opinion: Although workplace had no significant effect in 

this study, it is recommended to examine variables such 

as work experience, evaluation experience, gender, and 

experience in international events on experts’ opinions.  

Design and validation of standardized measurement 

instruments: Research can design and psychometrically 

validate standardized questionnaires for measuring each 

of the four levels (reaction, learning, behavior, and 

results) in various extension courses based on the 

proposed weights and cut-offs. 

Structural relationship modeling among levels: Given 

recent methodological advances (Sathishwaran et al., 

2025), it is suggested to examine causal relationships 

among Kirkpatrick’s four levels in the context of Iranian 

agricultural education using SEM to extract direct and 

indirect weights more precisely.  

This study has several limitations that should be 

acknowledged. First, the proposed weighting framework 

was developed based on the judgments of a relatively 

limited number of experts within the Iranian agricultural 

extension system. Therefore, the expert-derived weights 

and effectiveness rating scale should be interpreted 

within this specific institutional and national context and 

may not be directly generalizable to other sectors, 

organizations, or countries without further empirical 

validation. Second, the findings are inherently dependent 

on expert judgment, which, although appropriate for 

addressing the research objective, may be influenced by 

the experts' professional experiences and contextual 

perspectives. Furthermore, the questionnaire employed a 

limited number of structured response items designed to 

obtain independent expert judgments rather than detailed 

qualitative evaluations. Consequently, the proposed 

weights should be regarded as expert-derived 

recommendations that require further validation using 

larger and more diverse expert panels and advanced 

analytical methods. 
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