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 The main purpose of this study was to analyse the decision making in diamondback 

moth (DBM) pest management strategies taken by cabbage farmers. This study 
employed the Theory of Planned Behaviour (TPB) and Technology Acceptance Model 

(TAM) to understand farmers‟ specific attitudes (SA), subjective norms (SN) and 

perceived behavioural control (PBC) on the use of insecticides. The population 
consisted of farmers who used insecticide as their main DBM pest management 

strategy.   The simple random sampling procedure was used to randomly select 370 

cabbage farmers for this study in Cameron Highlands. Five point likert scale 
questionnaires were used for data collection. The data was collected through personal 

survey interview and then was analysed by using appropriate statistical procedures like 

descriptive statistics (mean, frequency, percent) and inferential statistics (correlation 
and regression) of the SPSS software. The result indicated the intention, SA, SN, PBC 

of farmers to use insecticides to control DBM in the coming season was at a moderate 

level. The result also showed that there was a significant relationship between SA, SN, 
PBC and the intention to apply insecticide in the coming season. PBC was the most 

important factor in influencing behavioural intention, followed by SA and NS. Thus, 

results of the TPB and TAM suggest that the models can provide a useful insight on 
farmers‟ decision-making processes behaviour. 
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INTRODUCTION 

 

 The diamondback moth (DBM) a.k.a  Plutella xylostella (L.), is regarded as the most destructive insect pest 

of cabbages and other Brassica crops throughout the world [1]. Since the introduction of DDT in the 1940s, 

efforts to control DBM have relied heavily on insecticides [2]. However, high insecticide inputs have often 

resulted in the development of resistance. In an attempt to overcome resistance, farmers increase the dosage and 

they also use a mixture of several insecticides. This activity has led DBM to develop multiple and cross-

resistance to a wide range of insecticides [3,4]. Presently, insecticide-resistant populations of DBM are causing 

serious economic losses in many countries, especially those with tropical climates such as Malaysia. This 

serious pest status of DBM is mainly due to favourable conditions for development and intensive cultivation of 

brassicas [5].  

 In Malaysia, DBM was first reported in 1925 in Bukit Fraser, Pahang and had caused severe economic 

losses of cabbage in Cameron Highlands, the largest cabbage production area in Malaysia since 1941 [6]. The 

decline of agricultural yields was estimated at between 70 to 90 percent and sometimes more than 90 percent of 

the total harvest [7]. Most Cameron Highlands farmers rely on the use of synthetic insecticides to control DBM 

[8]. However, the rapid, widespread and frequent used of newer insecticides have somehow effected the health, 

environment and rapid evolution of resistance by DBM [9].  

 The use of Integrated Pest Management (IPM) in DBM control has long been recognised as an advance 

from the pure dependence upon synthetic insecticides [10]. The key components in IPM (host plant resistance, 

using natural enemies, parasitism and predators, use of pathogens, manipulation of insect/host semi-chemistry 

and cultural manipulation) have all been developed and utilised with varying degrees of vigour and success [11]. 
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However, the impact was never achieved, because many farmers continued applying insecticides hence, DBM 

populations remain high [12]. The lack of information on farmers perception, social environment, inconsistent 

proposed techniques with local farming systems and farmers‟ life have been reported to be the reasons for these 

issues [13,14]. It is essential to understand the social environment in order to measure DBM pests‟ control, as it 

certainly lies in the hands of the farmers but not on the invention of scientific methods. Therefore, this study 

focuses on understanding farmers‟ decision making by measuring specific attitudes (SA), subjective norms (SN) 

perceived and behavioural control (PBC) towards insecticides used in Cameron Highlands. 

 

Theoretical Frameworks: 

 Farmers‟ decision to use insecticide is eventually a response to DBM attack that is perceived to be the main 

cause of loss. Studies on human choices have shown that economic models cannot be claimed as the best factor 

of measuring people‟s decision making. This is due to the fact that decision making is behavioural in nature. 

Hence, psychological models were adopted for the purpose of getting better understanding on the factors of 

farmers‟ insecticide-used decisions. The psychometric models used in the study were the Theory of Planned 

Behaviour (TPB) and Technology Acceptance Model (TAM) (Figure 1). A theoretical framework based on the 

previous models was designed to explain one‟s behaviour. This model was adopted to understand the 

components of the farmers‟ decision to use insecticide as their DBM control management strategy. The TPB 

assumes that specific attitudes (SA) toward insecticide usage, perceived social pressures or subjective norms 

(SN) and perceived behavioural control (PBC) are important determinants of farmers‟ decisions to use 

insecticide to control DBM [15]  

 

 
 

Fig. 1: Research Model. 

 

 SA is affected by the perception on the usefulness of using insecticide and the perception on ease of use is 

measured by TAM [16]. Perceived usefulness refers to users‟ feelings of improved performance when they use 

the insecticide technology. Perceived ease of use is concerned with users‟ perception on the exerted efforts when 

using the insecticide technology. Adoption of insecticide requires farmers to feel confidence in the effectiveness 

of insecticide as a useful technology to control insect pests. In addition, farmers should believe that insecticide is 

easy to be used.  

 SN measures perception on social pressure to perform (or not to perform) certain behaviour. The stronger 

the perceived social pressure, the more likely an intention to perform the behaviour will be formed. PBC is 

defined as the extent to which people believe that they are capable of performing certain behaviour, that they 

have control over its performance. PBC is assumed to take into account the availability of information, skills, 

opportunities and other resources required to perform the behaviour as well as the need to overcome possible 

barriers or obstacles [17]. 

 

Research Objectives: 

 The TPB and TAM models were used in this research, which aimed to investigate the motives and social 

norms involved in decision making made by cabbage farmers in Cameron Highlands. The specific research 

objectives were i) To identify the farmers‟ intention, SA, SN and PBC levels in the decision to use insecticides 

as DBM pests‟ control ii) To study the relationship between SA, SN, PBC and behavioural intention ; iii) To 

study the contribution of SA, SN, PBC on behavioural intention. 

 
Methodology: 
 The research employed the survey technique as data collecting method. For this purpose, questionnaires had 
been utilized as data collecting devices. The questionnaire was based on previous researches, related to 
insecticide use and application of TPB and TAM. The questionnaire consisted of 52 items comprising the 
constructs of intention (7 items), SA (12 items), SN (13 items), PBC (11 items) and demographic (9 items). All 
items were arranged in a proper sequence as items which have the same response options were grouped 
together. In addition, difficult and demographic items were prepared at the end of the questionnaire to avoid 
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negative effects on the respondents‟ willingness to provide honest answers. Scale interval used in the questions 
was the 5-point Likert scale from 1(at all) to 5 (to a very large extent). Content and face validity of the 
instrument were established by a panel of experts. The reliability of the instrument was based on Cronbach 
Alpha value which was 0.961. The sample size (based on Krejie Morgan table) for this study was 370 cabbage 
farmers who used insecticide to control DBM in Cameron Highlands. The cabbage farmers in Cameron 
Highlands were purposely chosen as the samples of this study because Cameron Highlands is the main national 
cabbage production and most of the cabbage farmers are using insecticides to control DBM. Samples were 
selected by simple random sampling method and were interviewed using the questionnaire. Interviews were 
carried out in the appropriated local languages (Bahasa Melayu- Malay language and Mandarin). Then, the data 
was analysed using appropriate statistical procedures including descriptive statistic (mean and percent) and 
inferential analysis (Pearson correlation and Multiple regression) with IBM SPSS statistics version 22 software.  
 
Results: 
Farmers Profiles: 
 This study has involved 370 cabbage farmers with a variety of demographic background such as sex, race, 
education, age, cultivation experience and involvement in associations. Demographic profile of the study is 
summarized in Table 1. 
 Demographic profile of the respondents involved in this study is dominated by men (81.6%), Chinese 
(73.0%), educated up to secondary school (meaning seven to eleven years of schooling) (65.9%), aged over 40 
years (38.9%) and with more than 10 years of cultivation experiences (83.5%). These findings support the data 
of studies carried out previously in Cameron Highlands [18,19,20]. The results also showed that most farmers 
are not members of any farming associations (77.0%). 
 
Table 1 : Farmers profiles. 

Profile Frequency Percent (%) 

Sex   
Male 302 81.6 
Female 68 18.4 
   

 Race   
Malay 23 6.2 
Chinese 270 73.0 
Indian 74 20.0 
Others 3 0.8 
   
Education   
None 9 2.4 
Primary school 81 21.9 
Secondary school 244 65.9 
Diploma 30 8.1 
Degree 6 1.6 
   
Age (years)   
< 30 38 10.3 
31 - 40 66 17.8 
41 - 50 144 38.9 
> 50 122 33.0 
   
Cultivation Experience (years)   
< 5 36 9.7 
5 - 10 25 6.8 
> 10 309 83.5 
   
Association   
Yes 85 23.0 
No 285 77.0 

 
The farmers’ intention level to use insecticides to control DBM: 
 Descriptive analysis including means and standard deviations were used to determine the level of farmers' 
intention to use pesticides to control DBM in the coming season. The descriptive analysis of the results is shown 
in Table 2. Item that has the highest mean is “I expect to use pesticides in the coming season” (mean = 3.45 and 
SD = 0.81). While the item that has the lowest mean is “Next season, I will definitely use insecticides” (mean = 
3.21 and SD = 0.98). Overall, the result indicates that farmers‟ intention to use insecticides for the purpose of 
controlling DBM  insect pests in the coming season is at a moderate level (mean = 3.36 and SD = 0.70) [21]. 
 
The farmers’ attitude, subjective norms and perceived behavioural control to use insecticides to control DBM: 
 Descriptive analysis including means and standard deviations were used to determine the farmers‟ attitudes, 
subjective norms and perceived behavioural control to use insecticide in DBM pest management practices. The 
results are summarized in Table 3. 
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Table 2: Mean of farmers‟ intention level to use insecticide  

Item Mean SD 

I want to use insecticides in the upcoming season 3.39 0.83 
I am sure that I will use insecticides in the upcoming season 3.36 0.82 

Next season, I want to use insecticides 3.35 0.88 

Next season, I will use insecticides 3.42 0.84 
Next season, I will definitely use insecticides 3.21 0.98 

I expect to use insecticides in the upcoming season 3.45 0.81 

I will be involved in insecticide usage the next season 3.36 0.82 
Total 3.36 0.70 

 
Table 3: Mean of comparison between farmers‟ attitude, subjective norms and perceived behavioural control to use insecticides  

Variable Item Mean SD 

SA I like to use insecticide 2.95 1.02 
 I support the use of insecticide 3.03 0.97 

 Insecticide usage would be fun 2.32 1.03 

 Insecticide usage can save my time 3.52 0.95 
 Insecticide usage makes easier to do my job 3.54 0.94 

 Insecticide usage improves my job performance 3.60 0.85 

 Insecticide is useful to me 3.61 0.85 
 Insecticide usage can save my energy 3.42 0.95 

 Insecticide usage increases cabbage yields 3.69 0.91 

 Learning to use insecticide is easy for me 3.28 1.02 
 It is easy to become proficient in the use of insecticides 3.15 1.02 

 I find the it is easy to use insecticide 3.24 1.03 

 Total 3.28 0.59 
    

SN Other farmers think that I need to use insecticide 3.37 0.89 
 Others expect that I will use insecticide 3.29 0.98 

 Many farmers use insecticide 3.83 0.80 

 The use of insecticide is supported by my family 2.69 1.12 
 The use of insecticide is supported by the government (Department of Agriculture) 2.61 0.93 

 The use of insecticide is supported by most farmers 3.50 0.89 

 The use of insecticide is supported by village headman 2.68 1.00 
 The use of insecticide is supported by the sellers 3.89 1.03 

 My family‟s approval in Insecticide usage is important to me 2.69 1.06 

 The government‟s approval in insecticide usage is important to me 2.79 1.01 
 Majority of farmers‟ approval in insecticide usage is important to me 3.21 0.97 

 The village headman‟s approval in insecticide usage is important to me 2.72 0.97 

 The seller‟s approval in insecticide usage is important to me 3.37 1.15 
 Total 3.13 0.60 

    

PBC I would use insecticide if I want to 3.75 0.70 
 The decision to use insecticide was made by me 3.75 0.72 

 I am sure that I can use insecticide 3.56 0.79 

 Insecticide can be purchased at the shop near my village 3.69 0.81 
 It is easy for me to use insecticide 3.53 0.81 

 I know how to use insecticide 3.67 0.78 

 Knowledge makes it easier for me to use insecticide 3.64 0.75 
 I can adapt myself with the insecticide usage 3.51 0.81 

 These skills make it easier for me to use insecticide 3.56 0.76 

 I have the equipment to use insecticide 3.81 0.78 
 I would use insecticide if I want to 3.78 0.78 

 Total 3.66 0.53 

 

 Table 3 shows 12 items of the questionnaire to measure SA of farmers to use insecticide. Item that has the 

highest mean and at the high level is “Insecticide usage increases cabbage yields” (mean = 3.69 and SD = 0.91). 

While the item that has the lowest mean is “Insecticide usage would be fun” (mean = 2.32 and SD = 1.03). For 

SN measurement, item that has the highest mean is “The use of insecticide is supported by the sellers” (mean = 

3.89 and SD = 1.03) is at a high level. While the item that has the lowest mean is “The use of insecticide is 

supported by government (Department Of Agriculture)” (mean = 2.61 and SD = 0.93). While, PBC responses 

indicate the item that has the highest mean is “I have the equipment to use insecticide” (mean = 3.81 and SD = 

0.78) is at a high level. While the item that has the lowest mean is “I can adapt with the insecticide usage” 

(mean = 3.51 and SD = 0.81). Overall indication is that the SA, SN and PBC of farmers to use insecticide is at 

the moderate level (mean = 3.28 and SD = 0.59, mean = 3.13 and SD = 0.60 and mean = 3.66 and SD = 0.53). 

 

Relationship between SA, SN, PBC, PB and the intention to use insecticide: 

 Pearson correlation analysis was conducted to identify the relationship between SA, SN, PBC and the 

farmers‟ intention to use insecticide. Results of the analysis are shown in Table 4. The analysis shows a 

significant relationship between SA (r = 0.566), SN (r = 0.458), PBC (r = 0.643) and the intention to use 
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insecticide.  The strength of the relationship is high and positive for SA and PBC, while SN has a medium or a 

moderate positive relationship. 

 
Table 4: Pearson correlation between SA, SN, PBC, PB and insecticide use intention (All coefficents are significant at p <.05)  

Correlation 
Intention 

Interpretation 
r Sig. 

SA 0.566 0.000 High 

SN 0.458 0.000 Medium 
PBC 0.643 0.000 High 

 

Contribution of SA, SN, PBC, PB towards the intention to use insecticide: 

 Multiple regression analysis was conducted to identify the contribution of SA, SN, PBC and PB to 

insecticide use intention. The stepwise regression analysis shows that PBC (F = 259.427, Sig = 0.000), SA (F = 

128.158 and sig = 0.000) and NS (F = 98.477, Sig = 0.000) are significant variance predictors of farmers‟ 

intention to use insecticides. Contribution by SA, NS and PBC on the intention to use insecticides is shown in 

Table 5. 

 
Table 5: Contribution of SA, NS, PB and PBC on the intention to use insecticide.  

Variable 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
T Sig. R2 

Contribution 

 
B 

Standard 

Error 
Beta 

PBC 0.347 0.075 0.264 4.634 0.000 0.413 41.3% 
SA 0.276 0.057 0.233 4.833 0.000 0.471 3.7% 

NS 0.118 0.052 0.101 2.261 0.024 0.479 0.7% 
Constant -0.100 0.184  -0.541 0.589   

 

 Table 5 shows that PBC is accounted for 41.3 % (Beta = 0.264, t = 4,634, Sig = 0.000 and R2 = 0.413, SA 

accounted for 3.7 % (Beta = 0.233, t = 4.833, Sig = 0.000 and R2 = 0.471) and NS contributed 0.7 % (Beta = 

0.118, t = 2.261, Sig = 0.024 and R2 = 0.479). The findings from the regression equation regression:- 

 

184.0)3(118.0)2(276.0)1(347.0100.0  xxxY  

 

Y - Intention to use insecticides 

X1 - PBC 

X2 - SA 

X3 - NS 

Constant - 0.100 

Standard Error  0.184 

 

Discussion: 

 The finding shows more than 90% of cabbage farmers in Cameron Highlands decided to use insecticides as 

the primary strategy to control DBM is due to their personal intention [22]. However, it creates another concern 

on the long-term impacts of vegetable production particularly on health hazards, insecticide residues, insect 

resistance and contamination of the environment. The issue of insecticide impacts on food and environment has 

been one of the major concerns of the Malaysian government, Food Agriculture Organization (FAO) and the 

World Health Organization (WHO). 

 The TPB and TAM models have provided a useful framework to explore farmers‟ pest management 

decisions focusing on insecticide usage. Understanding the primary reasons of farmers‟ decision is important in 

order to develop strategies to overcome the misuse problems. In many cases, farmers‟ decision to use insecticide 

is influenced by many factors such as perceptions and social factors.  This study has found a significant 

relationship between SA, SN and PBC with insecticide use intention. However, PBC seems to have a significant 

influence over Cameron Highlands farmers‟ decision making for pest management behaviour. The measurement 

constructs of PBC such as “I would use insecticide if I want to”, “The decision to use insecticide was made by 

me,” “Insecticide can be purchased at the shop near my village”, “I know how to use insecticide” and “I have 

the equipment to use insecticide” have high mean and at the high level. This indicates that farmers‟ perceptions 

of the degree to which they are capable of, or have control over, using insecticide behaviour are the dominant 

factors. This result is supported by the findings of other study on the intention to reduce insecticide use among 

farmers in Netherlands [23]. According to this result, improvements in solving the insecticide problem should be 

focussed on PBC factors. PBC is the most important antecedent of intention to use insecticide because farmers 

believe in their opportunities, skills or resources to do so. In my opinion, agricultural authorities need to develop 

mechanisms to control the use of insecticide. Thus, stricter rules should be enforced on the use of insecticides, 
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so that farmers cannot simply buy and use insecticides indiscriminately. Hence, insecticide policies need to be 

revised and modified in order to control the import and sales of insecticide to avoid over abuse. In addition, to 

overcome this problem, subsidies should strictly only be provided to farmers who practice sustainable 

agriculture.  

 We also found that SA is the second predictor of farmers‟ decision in using insecticide to control DBM. 

This finding is in contrast with Bond (2009) who reported that SA was the largest contributor as a predictor of 

farmers‟ intention to use insecticides [24]. Although TAM is appropriate and is more specific in measuring 

consumer acceptance of a technology such as insecticides, this finding suggests the possibility of SA constructs 

built using the technology acceptance model (TAM) in this study did not cover a wider diversity in measuring 

farmers‟ important attitudes and beliefs. 

 We also found that SN showed the lowest correlation coefficient and contributed the lowest predictor of 

intention to use insecticides compared with other variables. This result is consistent with meta-analysis of TPB 

studies which have found SN as a poor predictor of behavioural intention [25]. This shows that social pressure 

from family, friends and other important people do not affect the farmers‟ intention to use insecticides in 

Cameron Highlands. In addition, 77% of farmers are not involved in association indicated that most of the 

farmers are individualistic in nature and social pressure is not important for them. However, the study in Laos 

found that SN is the best predictor of intention in the study of farmers‟ pest management decisions to use 

insecticide [26]. SN influences seem to be more dominant suggesting those farmers‟ perceptions of what 

referent groups are expected of them play an important role in the farmers‟ decision in Laos. This finding may 

indicate that farmers in Laos have collectivistic culture and their behaviours are influenced by others. In 

contrast, farmers in Cameron Highlands are more individualistic in performing certain behaviour and less 

influenced by others. This could explain the influence of SN construct is larger than other constructs on farmers 

in Laos. 

 Regression analysis showed that a research model can predict 45.7 % of variance. There are other 

possibilities for the remaining percentage of approximately 54.3 % was contributed by other factors on the 

intention to use insecticides that were not taken into account in this study [27]. Prediction 51.8 % of the variance 

in intention in this study indicates that not all factors that influence the farmers to use insecticides to control 

DBM were included in this study. However, these findings are consistent with other reports of studies that 

variance in behavioural intention is different. The greater variance in intention will result greater predictive 

ability of a model. The variance can be less than 40%, approximately 50% and greater than 90% [28,29,30]. In 

addition, the meta-analysis of TPB studies found that the variance in behavioural intentions contributed between 

27% and 39% or between 39% and 77% [31,32] depending on the behaviour, individual or population in the 

study. This difference is also may be due to the measurement of intention predictors. This confirms the 

importance of developing valid measurements for each component of this theory. 

 

Conclusion: 

 This finding indicates that behavioural predictors of intention can be varied depending on behaviour, 

individuals or populations in the study. Therefore, studies on TPB should be conducted to identify the most 

influential intention to use insecticides, in order to identify any appropriate problem solving method. In this 

study, the strongest predictor of intention to use insecticide is PBC. Therefore, strategic plans in research, 

policies, extension and education related to insecticide use and pest management in Cameron Highlands should 

focus on PBC factors to ensure a sustainable agricultural activities. 
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