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Abstract 

Purpose: This research aimed to apply log-linear modelling to 

model association between multiple response categorical variables 

(MRCV) on urban agriculture and enhance data analysis of the 

paper by Basera, Chakaipa, & Dube (2020) impetus of urban 

agriculture on open spaces of Mutare City.  

Research methodology: The research data was obtained from 

households and farmers in Mutare City - urban and peri-urban 

(inclusive of plots in Weirmouth Park and Fern Valley area in 

December 2020. A total of one hundred and fifteen (115) household 

farmers were surveyed. 

Results: Simultaneous Pairwise Marginal Independence (SPMI) 

tests revealed the presence of associations. Log-linear tests revealed 

a perfect fit based on small standardized Pearson residuals and a 

strong positive association based on observed and model-predicted 

odds ratios on-field agricultural activities and use of herbicides. 

Log-linear and further application of heterogeneity tests revealed 

partial and near no perfect fit in other pairs of MRCVs with a strong 

negative association between municipality vacant places and field 

agricultural activities. 

Limitations: The research could not carry out log-linear model 

associations of three or more MRCVs because files exceeded 2GB 

in memory on both MI.test () function for SPMI tests and genloglin 

regressions. 

Contribution: The study contributes to urban agriculture planning 

especially in enactment of urban agriculture laws, agriculture one 

stop shop business centers housing farm input supply shops, farm 

produce shops, and determining fit support that can be rendered to 

urban farmers. 
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1. Introduction 
According to Basera, Chakaipa and Dube (2020), urban agricultural activities need a support system in 

terms of farming inputs and pesticides and training to be in place for it to sustain livelihoods at the 

family level, community level, and as create employment opportunities through sales at the local 

market. In Mutare, the local authority does not support urban agriculture as they are not supporting the 
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farming activities by enacting enabling bylaws and organising farmers. The shortage of food and income 

in urban households is one of the main drivers of urban farming as the families try to be food secure by 

embarking on farming.  Unemployment is ever increasing in the country and if urban agriculture is 

embraced, it can create employment for the population. There is a need to support urban agriculture 

with inputs and training on sustainable agricultural methods compatible with urban settings. Practicing 

urban agriculture in cooperatives or groups can lead to economies of scale and better chances to secure 

support and lobby authorities for support. Non-governmental organizations like Zimbabwe Poultry 

Association can help urban farmers in livestock farming strengthen the agriculture value chain through 

market linkages and service linkages for economies of scale and bargaining power. There is a need to 

involve external stakeholders in coordinating urban horticulture and provision of Information and 

Communication Technologies (ICT) solutions and developing digital platforms to strengthen 

performance at every level. There is a need to extend government agriculture support schemes like 

Presidential inputs, Agriculture mechanization to the urban population since it can add to national food 

security. The findings on urban agriculture's impetus are limited by the small sample size (76 

households) and lack of multiple response questions relationship analysis. The research only utilised 

single response categorical variables (SRCV) and one multiple response categorical variable (MRCV) 

which does not capture association structures.  

The sample size was increased to 115. The survey included farmers in peri urban plots (Weirmouth and 

Fern Valley). Such farmers are into multi agriculture activities, including fruit, piggery, and poultry 

production. Multiple research questions were used: Use of organic fertilisers, chemical (phosphatic) 

fertilizers or both in agriculture activities, Sources of information for agriculture farming such as 

specialized consultant, veterinarians, ministry of agriculture extension service workers, magazines, 

input or feed supply companies agents. The Multiple Response categorical variable (MRCV) in depth 

analysis was used to capture association structure and correlate subject for independence between two 

or more multiple responses categorical variables.  

2. Literature review 
2.1. Urban agriculture 

Mutare city is one of the oldest cities in Zimbabwe in the eastern part of the country linking Zimbabwe 

to Mozambique and is the gateway to the sea. The city sits on 16500 hectares of land with an estimated 

population of 188 243 people, 4662 low-density housing units, 926 medium density housing units and 

43620 high-density housing units (City of Mutare, 2020). The advent of economic crisis 

(unemployment, inflation), political crisis, natural disasters, pandemics of diseases -lockdown measures 

to curb the spread of COVID-19 saw a massive increase in the city's urban agriculture activities. 

Urban agriculture definition, factors, impact and challenges are summarised according to literature as 

shown in Table 1. 

Table 1: Urban agriculture summary 
Author Definition of Urban Agriculture 

FAO (2007) The growing of plants and the raising of animals for food and other uses within 

and around cities and towns, and related activities such as the production and 

delivery of inputs, processing and marketing of products 

Mouget (2000) Is located within (intra-urban) or on the fringe (peri-urban) of a town, a city or a 

metropolis, and grows or raises, processes and distributes a diversity of food and 

non-food products 

Authors  Factors affecting agriculture 

Mkhokheli (2012), 

Chaminuka & Dube 

(2017), Gwetsayi, Dube, 

& Mashapa (2016), 

Nwosisi & Nandwani 

(2018),  

Severe food crisis, failure of land reform program, worsening poverty, agriculture 

market failure, political and economic challenges due to failure of government 

economic policies 

Gondo, et al., (2017) Increasing poverty, hunger and unemployment  
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Danso, Hope, & Drechsel 

(2014), FAO (2007) 

Increasing demand for food, closeness to marketplaces and obtainability of cheap 

resources  

Kennard & Bamford 

(2020) 

Need for fresh food, reduced transport, storage costs and reduced the value chain 

 

Author  Impact of urban agriculture 

RUAF (2020), FAO 

(2020) 

Support food security and livelihoods. 

Amao (2020) Add to balanced diet of the urbanites 

Gandawa (2020),  World 

Bank, (200) 

Creates employment and increase incomes 

Edmondson, et al., (2020), 

Martin-Moreau & 

Ménascé (2019) 

Reduce poverty, environmental management and economic growth in developing 

countries. Helps in city buffer zone management, supporting climate change 

adaptation plans, land – reclamation and protection, waste management, urban 

greening, and biodiversity management. 

FAO (2015) Give rise to urban greening, open space greening, reduction of noise and pollution. 

Poverty Reduction Trust 

(2019) 

Health hazard and siltation 

Author Challenges of urban agriculture 

Ziwenga (2014) Lack of basic amenities to manage water and waste  

Eigenbrod & Gruda 

(2015) 

Higher land prices and urban pollution  

Chaminuka & Dube 

(2017), Kawadza (2019) 

Urban farmers face challenges from thieves, animals destroying their crops and 

lack of funding.  

 
2.1.1. Multiple Response Categorical Variables (MRCV) “Pick any or Choose all that apply variables”   

Surveys are usually characterized by questions requiring respondents to choose more than one response 

from a set of items. Bilder and Loughin, (2007) classify such questions into multiple response 

categorical variables (MRCVs). MRCVs arise in surveys from a variety of settings, including swine 

management (Agresti & Liu, 1999; Bilder & Loughin, 2004), contraceptive use (Bilder & Loughin, 

2001) and understanding patient symptoms (Bilder & Loughin, 2001). More generally, these variables 

arise from any multivariate binary response measurement. Responses to a MRCV can be all negative, 

one positive, any combination of positives, or all positive responses. Although several studies have 

recognized the existence of multiple response variables, they neglect the implication of analyzing those 

variables. Some researchers, deliberately ignored the appropriate analysis of multiple response 

categorial variables and resort to Chi-test as a method of analysis as perceived by Lavassani, Movahedi 

and Kumar (2009). An example is Tudor, Micua and Condeia (2014), who used the Chi-test to analyze 

the association between agriculture practices considered necessary by agriculture producers in the Arges 

County. The researcher ignores the estimation of the impact of those agriculture practices to production, 

growth and yield return to the farmers. Lavassani, Movahedi and Kumar (2009), also cited other 

scholars like Stallings and Ferris (1988) who after recognizing the existence of multiple response 

variables, proceed to use the classical (Pearson) chi-square as an analytical tool which was an 

inappropriate analytical for complex data. Decay & Thomas (2000) condemns the Pearson Chi-test 

citing that contingency tables' outcomes are exaggerated. Secondly, he criticizes the analytical tool for 

violating the assumption of independence, and the statistic fails to exhibit a large-sample chi-squared 

distribution.  

The complexity of multiple categorical data responses dates back to the 1970s. Hence statisticians have 

strategized models to deal with complex data. Some cited examples in this paper is the pseudo-chi-

squared test recommended by Umesh (1995). Loughin and Scherer, (1998) developed a bootstrap test 

for investigating relationships between one categorical variable to multiple-category responses from 

individual respondents in two-way tables. However, the technicality with this procedure was 

computationally involved and uncommon to many practitioners. These drawbacks prompted other 

statisticians like Decay and Thomas (2000) to develop a corrected chi-square statistic to analyze 
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complex survey data from Rao and Scott (1981)’s methods. The first order Rao-Scott chi-square was 

successfully employed by (Lavassani, Movahedi and Kumar ,2009) in establishing the association of 

four elements considered in the implementation of Enterprise Systems. A follow up from Thomas and 

Decady (2000) suggests non-model-based approaches in using extensions of Pearson chi-square tests. 

Bilder & Loughin (2004) came up with the marginal independence test for two multiple-response 

categorical variables.  

Agresti and Liu (1999, 2001), and Coull and Agresti (2000) discovered that the generalized log-linear 

models provided satisfactory results in estimating maximum likelihood ratio and a correct size test for 

simultaneous pairwise marginal independence (SMPI)than the multivariate binomial logit-normal 

model. Also, the results from Bonferroni adjustment procedure were consistent when used in the 

absence of individual subjects.  Of all the tests and models discussed previously, the MRCV by Koziol 

and Bilder (2014) package is deemed most appropriate in estimating the association between two 

MRCV. The package consists of Pearson chi-square tests for independence and log-linear models, with 

reliable bootstrap methods and Rao-Scott adjustments for valid inferences. 

2.1.2. Application of multiple response categorical variables methods  

These model of analyzing multiple response categorical variables have been applied to numerous 

studies. Zhu et al (2006), compared results using structural equation model and a log-linear model in 

the same data set in examining determining factors of care-givers health derived from two approaches. 

The data was collected from a cross-section of families in Ontario, Canada of based sample of 468 who 

had a child with cerebral palsy. The results indicated that they were differences in the two analyses. The 

Structural Equation Modeling (SEM) results were confirmed by the Log-linear Modeling (LLM) which 

provided some assurance that the SEM had been sufficiently specified, and that it generally fitted the 

data. Similarly, Hooker, (2013) analyzed whether there was association between firms in California that 

create green products and three employment outcomes - net job gain, net job loss, and no net change. 

The analysis used an ordered logit regression model to predict relationships between private sector firms 

and the four variables namely age of firm, type of firm, size of the firm, and industry sector. A sample 

of 622,466 private sector firms were included in the data and the predicted the likelihood of each of the 

employment outcomes from January 2008 through January 2010 was done. The results showed that the 

firm's size and industry sector were the strongest predictors of net job gains during the study period, but 

there was no noticeable difference in the chance that a green or non-green firm would experience a net 

job gain. Alalaya (2011) investigated the effects of some factors that affect heart diseases such as 

hypertension, fatty diet, diabetes, smoking, gender, overweight and family history of heart disease in 

Jordanian hospitals' data. The data was collected through the medical record sheets of patients from 

three regions of Jordan - north, south and middle area. Log-linear models were used to analyze the data 

odds ratios, likelihood ratio tests and chi-square, K-terms tests of multiple models in log-linear models, 

FT-SR to check whether chi-square value were considered the normal distributed (Friedman-Tukey 

standard residual) were estimated.  The results indicate that all variables analyzed together or as groups 

significantly fit the model. The logistic regression, the R2 was 0,57083, which stated that the model 

provides well due to the significance. This shows that heart diseases are the major killer in Jordan. 

Lorenzoni, et al., (2019) compared the performance of eight Machine Learning Techniques (MLTs) 

using data from the Gestione Integrata dello Scompenso Cardiaco (GISC) study in the prediction of 

hospitalization among patients with heart failure. Logistic regression, classification and regression tree, 

generalized linear model net (GLMN), random forest, logit boost, ad boost, support vector machine, 

and neural networks were used to assess the practicability of such techniques in predicting 

hospitalization of 380 patients enrolled in the GISC study. The MLTs were compared both with and 

without missing data imputation. General, models trained without missing data imputation showed 

higher predictive performances. The GLMN showed improved performance in predicting 

hospitalization than the other MLTs, with an average accuracy of 81.2%, positive predictive value 

87.5% and negative predictive value of 75%.   

From the literature review, we deduce that multiple response categorical variable models are essential 

in predicting determinants and establishing correlations for a research outcome. However, the 

applicability of these models is determined by the type of variables used, the logistic regression model 

is most suitable if one wants to define the dependent variables and make predictions explicitly. It is also 
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easier to include more variables as well as continuous variables. If variables, prognoses and outcomes 

are categorical, a log-linear analysis is the best tool to use.  The approach designed by Koziol and Bilder 

(2014) best suits analysis of associations between two MRCV and other methods are appropriate for 

single response categorical variables. 

2.2. Conceptual framework 

According to Basera, (2021) a conceptual framework shows how variables in the research relate to each 

other to understand a phenomena(on) under study fully. To give a reliable and valid basis of the 

academic research on modelling association between two multiple response categorical variables 

(MRCV) using log-linear models in the impetus of urban agriculture in Mutare city a conceptual 

framework is highlighted. The conceptual framework in Figure 1 links/connect key variables in urban 

agriculture as guided by how the research questions are answered. 

Figure 1: Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

3. Research methodology 

The research data was obtained from households and farmers in Mutare City - urban and peri-urban 

(inclusive of plots in Weirmouth Park and Fern Valley area in December 2020. A total of one hundred 

and fifteen (115) household farmers were surveyed. A total of ten Multiple response questions were 

used in the survey in total: Questions such as Sources of information for agricultural activities (state 

extension workers, online sources, farmers associations, friends-relatives, radio-television, feed-

companies), use of fertilizers (organic or non-organic fertilizers), use of chemicals (herbicides or 

pesticides and animal husbandry activities (poultry, piggery, goats and cattle). The tens precise 

questions are given as: 

Q1. Where do you do your agricultural activities?  

a) In your yard 

b) Municipality vacant places 

c) Rented premises 

d) Plot 

Q2. Which urban farming activities do you practice? 

a) Beds-vegetables 

b) Beds-herbs 

c) Beds-fruits 

d) Sweet potatoes 

e) Mushroom  

f) Nursery for seedlings 

g) Flowers  

h) Groundnuts 

i) Grains (e.g. maize)  

j) Livestock  

 

Q3. If you do animal husbandry/livestock production, what type of live stock do you farm? 

a) Poultry b) Piggery 

Livestock production 

Time of farming 

Use of chemicals 

Urban agriculture 
Fertilisers 

Crop production 

Water Source  

Reasons for farming 

Farming information sources 

Location / place 

Type of farming 
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c) Goats d) Cattle 

Q4. During which time of the year do you do your agricultural activities? 

a) Summer 

b) Autumn 

c) Winter 

d) Spring –  

Q5. Do you do dry cultivation or irrigation? 

a) Dry cultivation 

b) Irrigation 

Q6. If do irrigation. What is your source of water? 

a) Borehole 

b) Tap 

c) Pool 

d) Pipe/council 

Q7. For what purpose do you do urban farming? 

a) To augment family income  

b) For sale   

c) To utilize the available support system 

d) As a hobby 

Q8. What are your sources of farming information? 

a) State extension workers 

b) Magazines 

c) Feed/input suppliers 

d) Television radio 

e) Online sources  

f) Private consultancy 

g) Friends relatives 

h) Farmers association 

Q9. What type of fertilisers do you use? 

a) Organic fertilisers e.g manure, compost 

b) Non-organic fertilisers e.g phosphatic, compound, ammonium nitrates 

Q10. Do you use chemicals in weed and pest management 

a) Herbicides 

b) Pesticides 

 

The analysis mostly tested for associations for a pair of MRCVs on the following questions. Research 

questions of interest where conceptualized as:  

A. Is one MRCV response independent of the other MRCV responses?  

B. If the two MRCVs are dependent, what is the association structure (is it strong or weak, is it positive 

or negative? 

Modelling such an association structure helps researchers in understanding better the sources of 

information for farmers, use of herbicides and use of organic fertilizers in farming (most traditional 

farming methods rarely use herbicides and organically-made fertilizers from shops) and possibly 

promote/advice on particular type of changes (where necessary). Analysis was done using R software 

(version 4.0.1) using MRCV package (version 0.3-3) developed by Koziol and Bilder (2014).  Data 

arising from MRCVs was summarized using item response tables (IRTs) showing both positive and 

negative responses. Assumption: There were no missing observations made throughout the analysis. 

3. Research methodology 
3.1. Simultaneous Pairwise Marginal Independence (SPMI) tests 

Generally, the hypotheses are as follows to test for simultaneous pairwise marginal independence 

(SPMI) tests; 

𝐻0 : 𝛾𝑖𝑗= 𝛾+𝑖𝛾+𝑗 for i = 1; … ; I and j = 1;… ; J  the two multiple response questions are independent. 

H1 : 𝛾𝑖𝑗 ≠ 𝛾+𝑖𝛾+𝑗 for a least one (i; j) pair: the two response questions are not independent (have an 

association). 

The marginal log-linear model for SPMI is log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

       (1) 

for i=1,.. .,I, j=1,. . ..J, a=0,1 and b=0,1 

where 𝛾𝑖𝑗 controls the sample size n in each sub-table 
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𝜂𝑎𝑖𝑗
𝑊

 controls the row marginal counts in each sub-table 

𝜂𝑏𝑖𝑗
𝑌

  controls the column marginal counts in each sub-table 

When the SPMI model is not appropriate, additional parameters measuring the association between W 

and Y are introduced into the model. These models include: 

 log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

 +𝜆𝑎𝑏  ------  ----  ------------------  (2) for homogeneous association 

log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

 +𝜆𝑎𝑏 +𝜆𝑎𝑏
𝑌     -------- -------------(3)  for W homogeneous association 

log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

 +𝜆𝑎𝑏 +𝜆𝑎𝑏
𝑊

    ------------------------(4)  for Y homogeneous association 

log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

 +𝜆𝑎𝑏 +𝜆𝑎𝑏
𝑌 +  𝜆𝑎𝑏

𝑊
 -------------      (5)  for WY-main effects association 

log(𝜇𝑎𝑏𝑖𝑗)=𝛾𝑖𝑗+𝜂𝑎𝑖𝑗
𝑊

+𝜂𝑏𝑖𝑗
𝑌

 +𝜆𝑎𝑏 +𝜆𝑎𝑏
𝑌 +  𝜆𝑎𝑏

𝑊
+𝜆𝑎𝑏

𝑊𝑌
 -----------(6) saturated  model 

The homogenous association allows odds ratios to be equal to 1 in each sub-table and is suitable when 

associations between W and Y are nearly at the same level. The Y main effects model allows the sub-

table’s odds ratios to vary across Y items but constant within the W items. The WY-main effects allows 

main effects of both W and Y odds ratios to vary. The Saturated model puts no constraints on the odds 

ratios of W and Y combination. 

The analysis used Ymain effects, W main effects and WY-main effects of association.  

The MI. test () function offers three sets of testing methods: a nonparametric bootstrap approach, a Rao-

Scott second-order adjustment, and a Bonferroni adjustment, that can be used in conjunction with the 

modified statistic to construct an appropriate test for independence. 

The analysis was done mostly using R-software (R 4.0.3) and package MRCV (Multiple Response 

Categorical Variable) analysis. The first part will address whether one MRCV variable is independent 

of the MRCV responses using the M1.test () function found in the MRCV package of R software. The 

second part will determine the type of the association structures using standardized residuals, odds ratios 

(both observed and model predicted), bootstrap and second-order Rao-Scott p-values and Pearson 

goodness of fit statistics. 

4. Results and discussion 

A total of 115 participated in the survey. The item response table (IRT) results in Table 1 revealed that 

46 respondents used herbicides on beds-vegetables, 53 respondents used herbicides on grains. 

Table 2: Item response table showing number of positive and negative responses on agriculture 

activities and use of chemicals. 

 

 Beds-veg 

0        1 
Beds-herbs 

0     1 

Beds-fruits 

0     1 

Sweet pot 

0     1 

Mushroom 

0       1 

Nursery seeds 

0    1 

Flowers 

0    1 

Groundnuts 

0    1 

Grains 

0     1 

  
  
  

 C
h

e
m

ic
a

ls
                     0 

Herbicides 1 

11      4 

54    46 

57    42 

8      8 

49   25 

16   25 

49   28 

16   22 

60   35 

5     15 

56   29 

9     21  

60   35 

5    15 

58   32 

7    18 

20   7 

45   53 

                    0 

Pesticides   1 

0    15 

6   94 

5    94 

1    15 

5    69 

1   40 

5     72 

1   37 

6     89 

0     20 

5     80 

1    29 

6     89 

0     20 

6     84 

0      25 

3    24 

3    85 

 

Section A dealt with SPMI (tests for association) whilst section B dealt with log-linear tests (testing on 

type of associations and testing on perfect fit tests) 
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4.1. Section A: Simultaneous Pairwise Marginal Independence (SPMI) tests (tests for association) 

4.1.1. Is there any association between questions place/location vs urban agriculture activities? (Q1 vs 

Q2) 

Testing for marginal independence with Simultaneous pairwise marginal independence (SPMI) tests 

Generally, the hypotheses is as follows to test for simultaneous pairwise marginal independence (SPMI) 

tests 

𝐻0 : 𝛾𝑖𝑗= 𝛾+𝑖𝛾+𝑗 for i = 1; … ; I and j = 1;… ; J  the two multiple  response questions are independent. 

H1 : 𝛾𝑖𝑗 ≠ 𝛾+𝑖𝛾+𝑗 for a least one (i; j) pair: the two response questions are not independent (have 

an association). 

Table 3: SPMI tests between place/location and agriculture activities 

Test type B  resamples p-value 

Bootstrap 2000 p-boot=0.0005 

Second-order Rao-Scott adjust 2000 p-adjust=0.0001 

Bonferroni adjustment 2000 p-adjust=0.0001 

Bonferroni Adjusted Results(p.adj) 

 Q2a Q2b Q2c Q2d Q2e Q2f Q2g Q2h Q2i 

Q1a 0.215 1.000 1.000 1.000 1.000 1.000 1.000 0.618 1.000 

Q1b 1.000 1.000 0.048 0.225 1.000 1.000 1.000 0.618 1.000 

Q1c 1.00 0.0001 1.000 1.000 0.2700 1.000 1.000 1.000 1.000 

Q1d 1.000 1.000 0.0002 0.37 0.034 0.291 0.304 0.022 1.00 

 

Result: An MI.test () function results from table 2a reveals that both the Bootstrap tests, the Bonferroni 

and Second-order Rao-Scott Adjusted results gave p-values of 0.0005, 0.0001 and 0.0001, respectively 

, which are all significant at 5% level.  This indicates strong evidence against SPMI. The XS2,i,j and 

corresponding Bonferroni adjusted p-values indicate a significant association for the (Q1b, Q2c), (Q1b, 

Q2h), (Q1d,Q2c) and (Q1d, Q2h) combinations. In this case associations are observed between response 

of municipality vacant places and beds-fruits (and groundnuts) and plots and beds-fruits (and 

groundnuts). It means that with the availability of municipality open spaces the practice of agriculture 

production increases with other cropping activities either increase. 

4.1.2. MI.test for association between questions agriculture activities vs use of chemicals 

Table 4: MI.test for association between questions agricultural activities vs use of chemicals 

(herbicides or pesticides) 

Test type B  resamples p-value 

Bootstrap 1994 p-boot=0.0005 

Second-order Rao-Scott adjust 1994 p-adjust=0.0001 

Bonferroni adjustment 1994 p-adjust=0.0118 

Bonferroni Adjusted Results (p.adj = 0.0118) 

 Q2a Q2b Q2c Q2d Q2e Q2f Q2g Q2h Q2i 

Q10a 1.00 1.00 0.0871 0.5123 0.0316 0.0118 0.0316 0.0206 0.6381 

Q10b 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 

Result: Both the Bootstrap tests, the Bonferroni and Second-order Rao-Scott Adjusted results, gave p-

values of 0.0005, 0.0001 and 0.0118, respectively, which are all significant at 5% level.  This indicates 

strong evidence against SPMI. The XS2,i,j and corresponding Bonferroni adjusted p-values indicate a 

significant association for the (Q2e, Q10a), (Q2f, Q10a),(Q2g,Q10a),and (Q2h,Q10a) combinations. In 
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this case, associations are observed between the response of yard places and poultry activities, plots and 

(poultry activities, piggery, goats and cattle activities). What it means is that those with big land size, 

like those in the peri urban plots, do keep livestock, the larger the land size the increase in livestock 

farming. 

4.1.3 MI. test for association between questions animal husbandry activities vs source of information 

for agricultural activities 

Table 5: MI. test for association between questions animal husbandry activities vs source of 

information for agricultural activities 

Test type B  resamples p-value 

Bootstrap 2000 p-boot=0.0005 

Second-order Rao-Scott adjust 2000 p-adjust=0.0001 

Bonferroni adjustment 2000 p-adjust=0.0001 

Bonferroni Adjusted Results (p.adj < 0.0001) 

 Q8a Q8b Q8c Q8d Q8e Q8f Q8g Q8h 

Q3a 0.000 0.000 0.1166 0.0006 0.2855 0.000 0.0163 0.000 

Q3b 0.000 0.000 1.000 0.214 1.000 0.000 0.6688 0.000 

Q3c 0.000 0.000 1.000 0.1374 1.000 0.000 0.1374 0.000 

Q3d 0.000 0.0018 1.000 1.000 1.000 0.0008 1.000 0.000 

 

Result: Both the Bootstrap tests, the Bonferroni and Second-order Rao-Scott Adjusted results gave p-

values of 0.0005, 0.0001 and 0.0001, respectively, which are all significant at 5% level.  This indicates 

strong evidence against SPMI. The XS2,i,j and corresponding Bonferroni adjusted p-values indicate no 

significant associations between poultry activities (and feed suppliers, private consultancy as sources 

of information), piggery (and feed suppliers, private consultancy, friends-relatives as sources of 

information), goats (and feed suppliers, radio-television, online sources and friends and relatives as 

sources of information) and cattle (feed suppliers, radio- television, online sources, friends and relatives 

as sources of information. Farmers practicing animal husbandry heavily rely on different sources of 

information. Those doing poultry activities are not very keen on information search, which might mean 

farmers know poultry farming information, and it is an easy to do a project. 

Note: This particular SPMI test is of interest since many association relationships exist between animal 

husbandry activities and information sources. 

4.1.4. MI.test for association between questions   source of information for agricultural activities vs 

chemicals use 

Table 6: MI.test for association between questions   source of information for agricultural 

activities vs chemicals use (herbicides and pesticides) 

Test type B  resamples p-value 

Bootstrap 1998 p-boot=0.0005 

Second-order Rao-Scott adjust 1998 p-adjust=0.0001 

Bonferroni adjustment 1998 p-adjust=0.0001 

Bonferroni Adjusted Results (p.adj < 0.0001)  

 Q8a Q8b Q8c Q8d Q8e Q8f Q8g Q8h 

Q10a 0.000 0.000 0.0594 0.0001 1.000 0.000 0.0007 0.000 

Q10b 1.000 1.000 1.000 1.000 1.000 1.000 0.3629 1.000 

 

Result: Both the Bootstrap tests, the Bonferroni and Second-order Rao-Scott Adjusted results gave p-

values of 0.0005, 0.0001 and 0.0001, respectively, which are all significant at 5% level.  This indicates 

strong evidence against SPMI. The XS2,i,j and corresponding Bonferroni adjusted p-values generally 

indicate substantial associations between sources of information and use of herbicides (as chemicals) 
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except for feed suppliers and online sources. However, there is no association between sources of 

information and the use of pesticides. 

4.2 Section B: Log-linear tests (testing on type of associations and testing on perfect fit tests)  

Log-linear models - The generalized log-linear regressions will answer the question:  

What type of associations exists in independence relationships? 

The analysis will use the genloglin () function in the MRCV package and use observed odds ratios. 

Model predicted odds ratios and standardized residuals to decide on the presence or lack of fit on both 

W-main, Y-main effects or WY-main effects models. If lack of fit is observed, an alternative model is 

specified using the genloglin ()function for accounting for the heterogeneity factors within an MRCV. 

Log-linear models are used to model associations in regular contingency tables. 

The general hypotheses are as follows: 

𝐻0: There is W-homogenous (or Y-main effects or WY-main effects) association. 

Vs 𝐻1: The saturated model provides a better fit. 

The log-linear model that allows association between W and Y (MRCV I vs MRCV 2) can be written 

as log(𝜇𝑖𝑗)=𝛽0 +𝛽𝑖
𝑊+𝛽𝑗

𝑌 + 𝛽𝑖𝑗
𝑊𝑌  for i=1, 2,…,I and J=1, 2,…,J     (7) 

𝛽𝑖𝑗
𝑊𝑌 is the interaction term which allows the difference of log mean counts between cells in two rows 

to change across columns and vice versa and   𝛽𝑊=𝛽𝑌 =𝛽𝑊𝑌=0 

Bilder and Loughin (2007) generalize log-linear models to test for SPMI and describe any associations' 

patterns when SPMI does not hold. Log-linear Poisson regression models are useful for describing 

relationships among categorical variables and estimating the strength of associations using odds ratios. 

In the context of MRCVs, we can adapt these models both to test for SPMI and to describe associations 

between MRCVs when SPMI does not hold. This flexibility gives models a distinct advantage over the 

methods in the previous section. 

4.2.1. Log-linear regression between field agricultural activities and use of chemicals (herbicides or 

pesticides) Q2 vs Q10. 

The log-linear regression tests involve testing the type of associations found by testing for both the Y-

main effects, W-main effects and WY-main effects and then further extending the test for heterogeneity 

factors where possible. According to Bilder and Loughin (2007) a constant of 0.5 is added in marginal 

modeling to each sub-table cell analysis model if they are zero and a sensitivity analysis indicates that 

smaller constants do not affect the inferences made. 

Table 7: Goodness-of fit statistics for models fit to field agriculture activities and use of chemicals, 

B=1900 (and 6000 resamples) for the bootstrap procedure 

Model B-sample Pearson 

statistic 

LRT-statistic Bootstrap p-value Second-order Rao-Scott adjusted  

p-values 

Y-homogenous 
association 

1900 8.6 8.57 0.7924 0.7005 

W-homogeneous 

association 

19000  

2.18 

2.17 0.9245 0.7762 

WY-homogenous 

association 

6000 1.43 1.49 0.9373 0.8112 

 

Table 8: The absolute standardized Pearson residuals (|r|), observed odds ratios,�̃� and model-

predicted odds ratios, �̅� 
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|r|                  

Herbicides             �̃� 

                     

�̅� 

0.96 

2.34 

1.89 

0.21 

1.36 

1.32 

0.30 

3.06 

3.18 

0.67 

2.41 

2.54 

0.41 

5.14 

4.98 

 0.56 

4.51 

4.2 

0.38 

5.14 

4.98 

0.12 

4.66 

4.7 

0.86 

2.73 

3.19 

                        

|r| 

Pesticides              �̃� 

                    

�̅� 

0.96 

0.52 

1.32 

0.21 

0.8 

0.92 

0.30 

2.9 

2.22 

0.67 

2.57 

1.78 

0.41 

2.7 

3.48 

 0.56 

1.81 

2.94 

0.38 

2.7 

3.48 

0.12 

3.57 

3.29 

0.86 

3.54 

2.23 

 
From the output in table 3.1 and 3.2, 𝑋𝑀

2  = 8.6 and the corresponding p-value is 0.7294 using the 

bootstrap approach in the y-main effects model. The p-value using the second-order Rao-Scott approach 

is 0.7005. Both p-values indicate that there is no marginal evidence of fit problems with the simpler Y 

-main-effects model. Comparing the Y-main effects model to the saturated model shows moderate 

evidence of lack-of-fit. All of the standardized residuals are reasonably small (below 2 in absolute 

value). These residuals specifically show that the associations across urban farming activities for the 

chemicals use (herbicides) appear to be as homogeneous as those within the other use of chemicals. 

This suggests that there is no need for new model which takes this heterogeneity into account, this 

model (y-main effects) fits better. The W-main effects and WY-main effects results have p-values which 

are more than 0.05 in value and same conclusions are reached as in the y-main effects model. 

Table 3.2 reveals that the standardized Pearson residuals are small. The odds ratio values measure the 

strength of association in MRCVs: table 3.2 based on 6000 bootstrap resamples reveals that the 

association between herbicides and agricultural field activities is significantly positive. The association 

between pesticides and agricultural activities is positive as most predicted odds are above 1 in value 

with exception of beds-herbs and pesticides. The association between bed-herbs and pesticides is 

negative possibly because respondents rarely apply pesticides in herbs farming and pests could least 

attack these. Most farmers use pesticides as opposed to herbicides, hence the positive association in 

odds ratios although there is a negative relationship between herbs and pesticides. On the other hand, 

use of herbicides is not prevalent for reasons mainly associated with costs and lack of knowledge, hence 

the significant association. Obviously, the relationship between agriculture activities and the use of 

chemicals appear to be as homogeneous as possible. In this case, it can be concluded that there is no 

need to allow heterogeneity of association. 

4.2.2. Log-linear regression between animal agricultural activities and source of information Q3 vs Q8 

Table 9: Goodness-of fit statistics for models fit animal agriculture activities and source of 

information, B=1900 (and 5000 resamples) for the bootstrap procedure 

Model B-sample Pearson 

statistic 

LRT-statistic Bootstrap p-value Second-order Rao-Scott adjusted  

p-values 

Y-homogenous 
association 

1900 18.45 17.33 0.1641 0.3836 

W-homogeneous 

association 

1900  

61.45 

28.92 0.044 0.2175 

WY-homogenous 

association 

5000 5.77 5.4 0.2706 0.5591 

 
The marginal modelling approach to test for association between animal husbandry activities and source 

of information generally provides adequate fits (0.05<p-values<0.31) for bootstrap p-values for both 

Y-main effects WY-main effects, with exception of W-main effects which shows lack of fit. The W-

main effects models give standardized residuals that are large in value and cannot be adopted even for 

further heterogeneity tests. However, in the y-main and wy-main effects models, some large 

standardized Pearson residuals result, with each model having absolute values more than two (2) in size. 

Using the WY-main effects model results on Pearson residuals, it is observed that there is evidence for 

lack of fit on the following relationships: (w1,y2) and (w1,y7) combinations i.e. (poultry and 
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information-magazines) and (poultry and friends-relatives information source) with residuals of size 

2.93 and 2.94 respectively. Also, the observed odds ratios are 311.5 and 9.85 for information-magazines 

and friends-relatives, respectively. Each item's predicted odds ratios are 125.91 and 28.59 for poultry –

magazines and poultry-friends relatives respectively. It can be concluded that the relationship between 

poultry and information-magazines and friends-relatives appears not to be homogeneous as it does for 

the other sources of information in the survey. 

There is a need to allow for heterogeneity of association within poultry and magazines, friend-relatives, 

but not for other information sources. 

4.2.2.1. Heterogeneity in ( w1,y2) and ( w1,y7) combinations 

modF<-genloglin(data = HORT_MTREJ, I = 4, J = 8, model = count ~ -1 + W:Y + wi%in%W:Y + 

yj%in%W:Y + wi:yj + wi:yj%in%Y + wi:yj%in%W1:Y2,B=5000) 

modG<-genloglin(data = HORT_MTREJ, I = 4, J = 8, model = count ~ -1 + W:Y + wi%in%W:Y + 

yj%in%W:Y + wi:yj + wi:yj%in%Y + wi:yj%in%W1:Y7,B=5000) 

Table 10: Heterogeneity association and goodness-of fit statistics correction tests for models fit 

animal agriculture activities and source of information, B=5000 resamples for the bootstrap 

procedure 

Model B-sample Pearson 

statistic 

LRT-statistic Bootstrap p-value Second-order Rao-Scott 

adjusted p-values 

(w1,y2)Poultry-

magazine heterogeneity 

5000 11.34 10.09 0.315 0.5389 

(y1,y7)Poultry-friends-
relatives heterogeneity 

5000 18.42 17.29 0.156 0.3764 

 
Heterogeneity tests in Table 4b are done with new parameters added to the models to specifically 

indicate whether or not marginal counts for the poultry activity and information magazines or friends-

relatives information sources. There is a strong positive association between animal husbandry activities 

and information sources since both observed and model-predicted odds ratios are more than 1 in value. 

A marginal near-perfect fit is not achieved in the (w1,y2), poultry-magazine association heterogeneity 

model because residuals of poultry and state extension workers and farmers associations residuals 

exceed the absolute value of 2 (have values 2.35 and 2.34 respectively). The re-specified heterogeneity 

model relationship on the poultry-magazines relationship is probably confounded with the state 

extension workers and farmers association as source of information. The (w1,y7) heterogeneity 

association tests resulted in absolute residuals for the (w1, y1)  and (w1,y8 ) combinations (i.e poultry, 

agriculture extension workers) and (poultry and farmers associations) slightly exceeding set absolute 

value of 2.0 in values (by 0.03 and 0.12 in values) . It can be inferred also that potential lack-of-fit 

appears to be poultry and more than one source of information source (state extension workers, friends-

relatives and farmers-associations). The resulting model allows researchers to understand better the 

association structure between animal agricultural activities and information sources. The animal 

agricultural activities and information sources have a strong positive association between them from 

the observed and model-predicted odds ratios. For reasons associated with technological changes, 

magazines are no longer being read. On the other hand, state extension workers' activities and influence 

are limited in terms of their professional advice to people residing in such areas. Farmers could rely on 

other sources of information such as farmers associations, friends-relatives, or online sources, as there 

are positive associations from both observed odds ratios and model-predicted odds ratios. 

4.2.3. Log-linear regression between the place of agriculture activities and field agricultural activities 

Q1 vs Q2. 

Table 11: Goodness-of fit statistics for models fit to field agriculture activities and use of 

chemicals, B=1900 (and 6000 resamples) for the bootstrap procedure 

Model B-sample Pearson 

statistic 

LRT-statistic Bootstrap p-value Second-order Rao-Scott adjusted  

p-values 

Y-homogenous 

association 

1900 159.58 156.99 0.0005 0.0001 
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W-homogeneous 

association 

1900 60.85 

 

60.9 0.01 0.0154 

WY-homogenous 

association 

3000 55.82 48.09 0.0087 0.00462 

 

Both p-values from the Y-main, W-main and WY-main effects models indicate that there is marginal 

evidence of fit problems. Majority of the standardized residuals are reasonably large (above 2 in 

absolute value). There are exceptions on the WY-main effects model whereby, most residuals are small 

(less than 2 in absolute value) with exception of the combinations (w3,y2) and (w4,y3) combinations 

with large residuals of 2.85 and 3.14 in value. The combinations are namely (plots, beds-herbs) and 

(plot, beds-fruits). There is a need to take into factor the heterogeneity factors by re-modelling. 

Heterogeneity in (w4, y2) and (w4, y3) combinations 

 

Table 12: Heterogeneity association and goodness-of fit statistics correction tests for models fit 

place of agriculture activities and field agriculture activities, B=3000 (and 500 resamples) for the 

bootstrap procedure 

Model B-sample Pearson 

statistic 

LRT-statistic Bootstrap p-

value 

Second-order Rao-Scott 

adjusted p-values 

(w4,y2) PLOT-Vegbeds 
heterogeneity 

5000 155.17 152.32 0.0001 0.0002 

(W4,y3) Plot-beds-fruits 

heterogeneity 

5000 133.17 130.74 0.002 0.0001 

 

Heterogeneity tests are done with new parameters added to the models to indicate whether or not 

marginal counts are for the place of agriculture activities and type agriculture activities. A marginal 

near-perfect fit is not achieved in both models. The plots-herbs heterogeneity association tests revealed 

that residuals are large in value hence the lack of fit problems. There is a strong negative association 

between municipality vacant places and field agricultural activities since most observed and model-

predicted residuals are less than 1 in value in both heterogeneity correction tests. 

5. Conclusion, limitations and study forward 

The aim of the research was in two-fold: firstly, testing on Simultaneous Pairwise Marginal 

Independence (SPMI) for associations in pairs of Multiple Response Categorical Variables (MRCVs) 

using the MI.test and secondly, test type of associations using the log-linear modelling of the genloglin 

() functions using R software based on the MRCV package. The MI.test revealed that several 

associations exist between the following pairs of MRCVs: (place of agriculture activities, field 

agriculture activities), (agriculture field activities, chemicals usage), (animal husbandry, source of 

information) and (source of information, chemicals usage). The log-linear model applied both the W-

homogeneous association, the Y-homogenous association and WY-main effects were applied in the 

testing for type of association models and lack of fit (through heterogeneity factors tests). The field 

agriculture activities and chemicals usage MRCVs pair revealed a perfect fit on both W, Y and WY-

main effects models with small standardized Pearson residuals and strong positive associations revealed 

by both observed and model-predicted residuals. The animal husbandry and source of information 

revealed both lack of fit and partial fit in Y main effects and WY-main effects models. Further 

application of heterogeneity correction tests on poultry and magazine or friends-relatives revealed 

partial marginal fit in models. The field agriculture activities and chemicals usage MRCVs pair revealed 

lack of fit problems and further heterogeneity tests also failed to achieve a perfect fit in both models re-

specified. The log-linear tests results show that there is evidence of a strong negative association 

between municipality vacant places and field agriculture activities. It can be settled here that the 

saturated model provides better fit than other specified models in such circumstances.   

From our hypothesis, we conclude that an association does exist between MRCV as signified by a 

positive association between information sources and agriculture activities and a negative association 

between state extension officers.  The implication of this is that animal husbandry was never planned 

for peri-urban and urban areas due to competing needs with urban population. Hence government 

veterinary extension workers are not readily available to provide services and consulting them attracts 
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additional cost, so farmers prefer other sources of information.  Another significant association is noted 

with the use of chemicals and fertilizers, a positive association is evident with field crops but not with 

flowers, groundnuts, grains. Implying that farmers if crops are not produced for food security or for sale 

farmers do not see the urge to use chemicals.  The log-linear model managed to predict that agriculture 

activities increase chemical usage. The association and no association observed are of significance in 

urban agriculture planning, especially in enacting urban agriculture laws, agriculture one stop shop 

business centers housing farm input supply shops, farm produce shops, and determining fit support that 

can be rendered to urban farmers. 

The research could not carry out log-linear model associations of three or more MRCVs because files 

exceeded 2GB in memory on both MI.test () function for SPMI tests and genloglin regressions. 

Secondly, another limitation was on heterogeneity of association within an MRCV sub-item in some 

instances to reduce residuals to absolute magnitudes of two or less in size, there is need for research on 

how to hold other item in one MRCV constant within the MRCV package to improve of fit problems 

involving heterogeneity re-specifications (probably there are confounding relationships in some 

MRCVs for example on sources of information). The other limitation of the study is that it did not factor 

in Type I error simulations for model comparisons performance on the correct size of I and J different 

values under the SPMI hypothesis. A recommendation for future research is that a bigger sample size 

larger than 115 need to be used and further development of models using single response categorical 

variables (SRCV) and other types of categorical variables such as ordinal for future researches and in-

turn application of robust tests such as the Cochran-Mantel-Haenszel (CMH) tests applied. 
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