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Abstract 

This study explores the determinants of the financial performance and sustainability of Moroccan Microfinance 

Institutions (MFIs). Through the use of panel data concerning 10 MFIs (available on the MIX platform) with 

different time frames, three OLS models are run and aim to explain MFIs financial performance and sustainability 

using independent variables related to the size of the MFIs, the quality of their loan portfolios, the degree of outreach, 

and their productivity. The results obtained show that: (1) the personnel productivity contributes significantly to the 

MFIs’ Return on Assets and their sustainability, and (2) the loan repayment level of MFIs customers is an important 

determinant of their sustainability. 
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1. Introduction  

For Microfinance institutions (MFIs), profitability can bear many meanings and therefore is measured along different 

dimensions. In its classical context, it is basically studied from the perspective of profits (revenues exceeding 

expenses). Measures like the Return on Assets (ROA) or Return on Equity (ROE) are then employed to capture the 

financial performance. Profitability can also be linked to other dimensions, longer term success dimensions, such as 

sustainability. As the profits of such institutions are often plowed back in the capital of the firm, higher profits are 

generally indicative of higher degrees of independence and better sustainability. The two perspectives are thus 

intertwined and this paper attempts to study them in the specific context of Moroccan MFIs.  

The first Moroccan MFIs were created in 1993 by the AMSED association (“Association de Solidarité et de 

développement”). They were inspired by the model of the Grameem Bank, founded in the 1970s by Mohammad 

Yunus in Bangladesh (Robinson, 2001) and were followed by a few Moroccan civil society actors (e.g., Nourredine 

Ayouch with “Fondation Zakoura” in 1995, Al Karama in 1996, and Al AMANA with FONDEP in 1998; Micro 

finance, 2019). The funding of such MFIs was helped by USAID subsidies with an initial seed fund of 16 Million 

USD. In 1999, a microfinance law was enacted to regulate the microfinance activity sector. The law imposed on the 

associations to modify their statuses and isolate their microfinance activities into distinctive sub-units (Micro finance, 

2019). To help reducing poverty nationwide, the Moroccan government started in 2000 its financial support to the 

sector with an initial subsidy of 100 Million of Moroccan Dirhams (MAD) (i.e. 10.5 Million dollars) through Hassan 

II fund. This support enabled the originally small MFIs to enlarge their customer base and increase the amounts of 

granted loans. As a result, the loan portfolios of MFIs have been multiplied by 11 and their client base by 4 between 

2003 and 2007. In 2008, the crisis has weakened the sector leading to a movement of the microcredit victims in 2011 

(“les victimes du micro-crédit”) (Aziki, 2016). Various legal frameworks were established in a bid to regulate the 

MFI market during the 2012-2015 times frame, in relation notably to the nature of their financial products and their 

relation to commercial companies. 

As of March 2019, there are 13 Moroccan MFIs operating in the Kingdom (FNAM, 2019), with 84% of the market 

share concentrated among three leading MFIs. The latest survey data available (2015) indicated an MFI client base 

of more than 1 million active borrowers, 64% of which are women, as well as a 3:2 ratio of urban borrowers to rural 

ones (FinDev, 2019). 
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In Morocco’s socio-economic context, the role played by MFIs in the efforts to reduce poverty and glaring social 

disparities is crucial. Indeed, they target population in need of capital to embark in revenue generating economic 

activities, but with very little chances to secure such financing through loans from the traditional banking sector. 

They are also supposed to assist their clients in their quest of business success by providing council and assistance in 

routine tasks such as development of business plans, basic financial planning and management, etc. A healthy 

relationship with the clients as business partners, is key for MFIs to establish a win-win environment. 

Yet, the two aspects of the MFIs’ role (financial efficiency and social impact and outreach) are still very often 

contrasted and seen as contradictory and offsetting each other. In the specific context of Morocco, we have observed 

that the sustainability dimension of Moroccan MFIs has been totally overlooked by current research, with focus on 

profitability as the main dimension of financial performance. This is normal given that the sector is relatively new 

and immature. This paper is an attempt to close this gap and explore the tradeoff between the two dimensions. 

This paper investigates the determinants of the financial performance and sustainability of Moroccan Microfinance 

Institutions (MFIs). Three models are run using panel data of 10 MFIs, and aim to explain MFIs financial 

performance - proxied by Return on Equity (ROE) and Return on Assets (ROA) and sustainability - proxied by 

Operational Self-sufficiency (OSS) using the following dimensions: Portfolio at Risk (PAR), size of the MFI, 

outreach and productivity. The main findings are that the personnel productivity contributes significantly to the MFIs’ 

ROA and their OSS. Moreover, the study reveals that the quality of the MFIs’ portfolios (in other terms the loan 

repayment level of their customers) impacts their sustainability. 

The paper is organized as follows. In Section 2, we present a brief survey of the literature on models for the 

assessment of financial performance and sustainability of MFIs, and state more precisely our contribution. In Section 

3 we state the study’s hypotheses and variables, and the models investigated. Section 4 discusses the data and the 

methodology of the study. Section 5 presents the results obtained and their analysis, along with limitations of the 

study.  Finally, Section 6 summarizes our contribution and suggests avenues for further research. 

2. Literature Review  

Several statistical approaches have been adopted to measure MFIs performance, and to relate its purely financial 

dimensions to their primary social role, which is to give access to credit to the needy. The most common of these 

approaches is indeed panel data analysis, more specifically: panel OLS regression, pooled OLS, and random and 

fixed effect models (e.g., Khan et al., 2017; Borjesson & Hulten, 2016; Patil & Gopal, 2015; Cull et al., 2007; 

Ibrahim et al., 2016). Another group of studies use non-parametric and semi-parametric techniques such as Data 

Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) to benchmark MFIs and/or establish 

associations between their outreach and their efficiency (e.g., Paxton, 2007; Keita, 2007) 

The statistical studies differ in terms of the dependent variables used as proxies to MFI performance. A first group of 

studies use ROE (Return on Equity) and/or ROA (Return on Assets) (e.g., Patil & Gopal, 2015; El Kharti, 2014; 

Borjesson & Hulten, 2016; Ibrahim et al., 2016). Khan & Butt (2017) and Sekabira (2013) use a Financial 

Self-Sufficiency (FSS) factor in the form of the ratio of total operating revenue before taxes minus the grants, to the 

total operating expenses. Janda & Turbat, (2013) measure the performance through the yield, proxied by returns from 

loans granted to customers, while Assefa, Hermes & Meesters (2013) use the Lerner Index, a price cost index. The 

range of explanatory variables used include:  

 The size of the MFI proxied by the total assets of the institution (e.g., Bassem, 2009; Khan & Butt, 2017; 

Borejesson & Hulten, 2016; Assefa, Hermes & Meesters; 2013) or by the number of outstanding/active 

borrowers (Janda & Turbat, 2013; El Kharti, 2014; Sekabira, 2013; Assefa, Hermes & Meesters, 2013). 

 The age of the MFI (Bassem, 2009; El Kharti, 2014; Assefa, Hermes & Meesters, 2013). 

 Various risk factors such as risk coverage ratio and the capital structure (Fersi & Boujelbéne, 2015). 

 Staff productivity and dependency ratio (Kinde, 2012). 

 Various macroeconomic factors such as inflation, income per capita (Ibrahim et al., 2016). 

The existence of a tradeoff between the financial and social dimensions of MFIs is a question that continues to divide 

the community of researchers. While the early literature generally acknowledges a tradeoff between profitability and 

depth of outreach, relatively newer contributions provide more contrasted findings. For instance, Navajas et al. (2000) 

and Cull et al. (2007) condition the tradeoff to the wealth of the borrowers. Kipesha & Xianzhi (2013) use a panel of 

47 MFIs in several East-African countries to establish that the stakeholder’s perspective matters: while institutional 
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stakeholders tend to consider that more profitable MFIs serve better the poor, beneficiaries generally perceive a 

tradeoff. 

Several works investigate the relationship between outreach of MFIs and their sustainability. For instance, Patil & 

Gopal (2015) use a balanced panel of 17 MFIs and a financial ratio approach to establish a tradeoff between outreach 

and sustainability. Paxton & Cuevas (2002) argue that greater levels of outreach decrease MFI efficiency due to a 

higher weight of unit transaction costs. In contrast, the existence of tradeoff is refuted in the studies by Paxton (2003), 

Quayes (2011) and Quayes (2015), among others. 

A deeper investigation of the various dimensions of outreach (depth, breadth, length, and scope) and their 

interactions can be found in the study by Schreiner (2002). Other proxies of social impact, such as the proportion of 

minorities or special sub-social groups in the pool of MFIs’ customers, are studied by Kneiding & Tracey (2009). 

Corporate governance practices have also tremendously contributed to the enhancement of MFIs’ performance. 

However, less evidence has been provided about how these governance characteristics can serve the needy people 

both in a financial and sustainable manner. Van Damme et al. (2016) use the ensuing four corporate governance 

variables to assess MFIs performance in the context of Sri Lanka: the number of board members, the number of 

women on board, the CEO/chair duality and the presence of a women CEO. Results show that the smaller the board 

and the higher the proportion of women in it the more financially efficient is the MFI. The study also confirms that 

CEO/Chair duality as well as the presence of a woman CEO is negatively influencing the outreach efficiency.  

Gohar and Batool (2015) investigate the effect of corporate governance on the financial performance of 25 MFIs in 

Pakistan for the period 2005-09. Contrary to Van Damme et al’s findings, Gohar and Batool (2015) show that the 

presence of a woman CEO influences positively the outreach efficiency. 

The effect of Corporate social responsibility (CSR) on firm performance has been recently investigated by many 

authors (e.g., Li et al., 2018; Sun, 2012; Bogan, 2012).  

Li et al. (2018) confirm that the CSR activities of companies as well as their sustainability are starting to be a big 

concern to stakeholders. The authors assert that “The market seems inefficient initially in processing nonfinancial 

information such as CSR but is “willing to learn”” (Li et al. 2018). They also confirm that a resilient social 

performance enhances the firm’s reputation at least in the short term. 

A review of 291 MFIs in 34 Sub-Saharan African countries was done by Chikalipah (2017). The author examines the 

effect of the institutional environment on the performance of these MFIs. A combination of OLS with fixed effects 

and a Generalized Method of Moments (GMM) approach is used in the study and establishes that MFIs performance 

is positively impacted by the institutional environment. The latter includes elements such as: business freedom, level 

of corruption, investment and labor freedom, and property rights. The findings of the study argue in favor of a strong 

institutional environment as a prerequisite for strong and sustainable MFIs performance.   

MFIs’ performance in the Moroccan context has received comparatively little attention in the literature. To the best 

of our knowledge, the only published study on Moroccan MFIs is that of El Kharti (2014). The latter uses a panel 

data analysis to relate the MFIs financial performance to specific determinants such as MFIs age, quality of portfolio, 

share of equity in total assets, staff productivity and the percentage of female borrowers. Our paper expands the 

scope of research on MFI performance in the Moroccan context beyond financial performance and social impact and 

considers sustainability as an important indicator for the MFIs survival and operational effectiveness. Moreover, the 

panel data used (19 years, up to 2017) updates and expands the data set used by El Kharti (2014). 

3. Hypotheses and Models 

This study analyzes the performance of Moroccan MFIs considering financial performance and sustainability in 

relation to the following variables: the MFI’s portfolio quality (Portfolio at Risk (PAR)), the size of the MFI (Gross 

Loan Portfolio), the MFI’s outreach (Breadth of Outreach), and MFI’s personnel productivity. 

3.1 Assumptions 

The study hypothesizes that profitability and sustainability are positively related to the size of the MFI and 

productivity variables (Borjesson, Hulten, 2016). On the other hand, the study assumes a negative relationship with 

portfolio quality and productivity considering the literature’s proven claim on the existence of a financial-social 

outreach tradeoff (Patil & Gopal, 2015; Kneiding & Tracey; 2008). The study also assumes a negative relationship 

with portfolio quality, represented in this paper by Portfolio at Risk (PAR) variable. 
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3.2 Dependent Variables 

The dependent variables used by our models are defined accordingly: 

Profitability 

The MFI’s financial performance is represented by the two most common variables in the literature: return on assets 

(ROA) and return on equity (ROE) (El Kharti, 2014; Wanjiru, 2016).  ROA measures both the profitability and how 

efficient is the MFI in using its assets (Hartarska, 2005; El Kharti, 2014). ROA captures profitability (profit margin 

included) irrespective of the financing model used by the MFI. ROE (return on equity), on the other hand, shows 

how profitable are the subsidiaries, grant-providers or donating organizations to such MFIs. ROA and ROE are thus 

complementary in building a clear picture of financial performance, especially considering the fact that Moroccan 

MFIs rely heavily on external funding and subsidiaries (El Kharti, 2014, p.31-32). 

ROA = Net operating Income / Total assets.  

ROE = Net Income / Equity. 

Sustainability 

Sustainability is defined in the literature as the ability of MFIs to cover their costs while being able to reinvest their 

profit to grow and become independent from grants and donations (International Organizations, governments) and 

rely on their own generated funds (Bassem, 2009; Hartarska, 2005). Operational Self–Sufficiency (OSS) is the 

variable most commonly used to measure sustainability, as it explicitly measures an MFI’s ability to balance 

operating costs (excluding financial costs) and revenues (Khan & Butt, 2017). 

Operational Self-Sufficiency (OSS) (%) = Operating revenues / Operating Expenses. 

3.3 Independent Variables 

The choice of our independent variables follows the parametric framework of the literature review, specifically the 

studies by El Kharti (2014), Borjesson & Hulten (2016), Patil & Gopal (2015), Kneiden & Tracey (2009), and 

Bassem (2009). 

Portfolio at Risk (PAR) 

PAR measures the part of the portfolio that is impacted by debt default as a percentage of the total portfolio 

(Inter-American, 2003). Following El Kharti (2014), PAR 30 was used instead of PAR 90. 

PAR 30 = Outstanding balance of unpaid loans / Total outstanding loan balance. 

Size of MFI 

As suggested by the corporate finance literature, firm size can be measured using different proxies such as market 

capitalization, total sales and total assets (Dang et al., 2018). Nonetheless, our choice of the total outstanding balance 

of loans, or Gross Loan Portfolio (GLP) for the specific case of MFI follows the approach of most recent 

contributions (e.g., Patil & Gopal, 2015). 

GLP = Outstanding balance of loans excluding Interest to be received.  

Outreach 

The MFI’s breadth of outreach helps measure whether or not an MFI has fulfilled its social duty towards the 

bank-marginalized pool of the population (Kneiden & Tracey, 2009). 

Breadth of outreach = Number of Active Borrowers (NAB) (Khan & Butt, 2017; Patil & Gopal, 2015). 

Personnel Productivity 

Personnel productivity is considered through staff member and loan officer underlying ratios: 

Loans per staff member (Wanjiru, 2016). 

Loans per loan officer and borrowers per loan officer (Patil & Gopal, 2015). 

The dependent and independent variables used by our models are summarized in Tables 1 and 2. More precise 

definitions of the variables are presented in Tables 3 and 4. 
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Table 1. Dependent Variables Summary Table 

Dimension Measured Variable 

Profitability Return on Assets (ROA) 

Return on Equity (ROE) 

Sustainability Operational Self-sufficiency (OSS) 

Table 2. Independent Variables Summary Table 

Dimension Measured Variable 

Portfolio quality Portfolio at Risk (PAR) 

Size of MFI Gross loan Portfolio (GLP) 

Productivity Personnel Productivity 

Loans per staff member. 

Loan Officers Productivity 

Loans per loan officer. 

Borrowers per loan officer. 

Outreach Breadth of Outreach 

Table 3. Definitions of Dependent Variables 

Dependent Variable Definition 

ROA Net operating Income – Taxes / Average 

Total Assets 

ROE Net Operating Income – Taxes / Average 

Total Equity 

OSS Financial Revenue / Financial Expense+ Net 

Impairment Loss+ Operating Expense 

Table 4. Definitions of Independent Variables 

Independent Variable Definition 

PAR Outstanding balance of unpaid loans / Total 

Outstanding loan balance. 

GLP Outstanding balance of loans excluding 

Interest to be received 

BLO Number of Active Borrowers / Number of 

Loan officers. 

LSM Number of Loans Outstanding / Number of 

Personnel. 

LLO Number of Loans outstanding / Number of 

Loan Officers. 

BREADTH Number of Active Borrowers (NAB) 

3.4 Models 

Three OLS models, each one using a single dependent variable among the ones suggested for performance and 

sustainability measurement, are accordingly considered: 

Model A: ROA as dependent variable.  

ROA= β1 (PAR) + β2 (GLP) + β3 (BLO) + β4 (LSM) + β5 (LLO) + β6 (BREADTH) + ε. 

Model B: ROE as dependent variable. 

 ROE = β1 (PAR) + β2 (GLP) + β3 (BLO) + β4 (LSM) + β5 (LLO) + β6 (BREADTH) + ε. 

Model C: Operational Self-sufficiency (OSS) as dependent variable. 

 OSS = β1 (PAR) + β2 (GLP) + β3 (BLO) + β4 (LSM) + β5 (LLO) + β6 (BREADTH) + ε. 
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The following hypotheses are made:  

H1: ROA, ROE and OSS are positively related to GLP. 

H2: ROA, ROE and OSS are positively related to productivity. 

H2-a: ROA, ROE and OSS are positively related to borrowers per loan officer. 

H2-b: ROA, ROE and OSS are positively related to loans per staff member. 

H2-c: ROA, ROE and OSS are positively related to loans per loan officer. 

H3: ROA, ROE and OSS are negatively related to PAR. 

H4: ROA, ROE and OSS are negatively related to breadth of outreach. 

4. Data and Methodology 

Panel data about 11 Moroccan microfinance institutions is collected from the MIX online database (themix.org, 

2019). The time frames of the data vary between 19 years and 3 years of data observations, as indicated by Table 5. 

Table 5. MFI Data summary (source: themix, 2019) 

MFI Name Number of observations per 

variable 

Dates 

Al Amana 19 1999-2017 

Al Karama 15 2003-2017 

Attadamoune 18 2000-2017 

Fondation Al Baraka 17 2001-2017 

INMAA 15 2003-2017 

AIMC 3 2009-2011 

AMOS 11 2002-2012 

ARDI 8 2003-2010 

Attawfiq Micro-Finance 15 2002-2016 

Izdihar Micro-finance 7 2003-2009 

Zakoura 12 1999-2010 

The data collected has been analyzed using a panel data analysis on STATA. Following clean-up and adjustment 

based on preliminary diagnosis tests, the three models are run under the fixed-effect model. Given its relatively small 

number of observations available, AMIC is considered as an outlier and removed.  

5. Results and Analysis 

Preliminary analysis of this panel data, through the Hausman test (see Appendix 1), resulted in adopting the fixed 

effect model as a basis to our statistical analysis. The panel data itself has been adjusted as a result of other common 

diagnostic tests (heteroscedasticity, multicollinearity, normality). Multicollinearity issues have been encountered and 

fixed by deleting the LLO and BLO variables, while heteroscedasticity has been tackled through a log transformation 

of the ROA and ROE dependent variables. 

The fixed effect model is then run for models A, B, and C. The findings are summarized as follows (see Appendix 2 

for more detailed results). 

Model A - ROA: Significant Model - F-test < 0.05 with a probability of 0.0046. 

Table 6. Significance Summary Results of Model A 

Variable Coefficients t Prob>|t| 

GLP 3.74e-08 1.43 0.161 

PAR -29.89921 -1.87 0.069 

BREADTH -.0000016 -1.21 0.236 

LSM .0136782 2.26 0.028 

As far as ROA is concerned, Table 6 shows that the only significant explanatory variable is LSM, the Loans per Staff 

Member. This is in line with El Kharti’s research premise (El Kharti, 2014) that ROA is not only a measure of 
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profitability but also of efficiency of the use of the MFI’s assets. Some of the other variables, while being statistically 

non-significant in their relation to ROA, still display some correlation with the latter (see Appendix 3). This is the 

case in particular of GLP (0.2408) and BREADTH (0.255), mirroring similar correlation findings in previous studies, 

El Kharti (2014), Patil & Gopal, (2015), and Bassem (2009). 

Model B - ROE: Significant Model – F-test < 0.05 with a probability 0.0293. 

Table 7. Significance Summary Results of Model B 

Variable Coefficients t Prob>|t| 

GLP 6.15e-08 2.81 0.008 

PAR -25.57019 -1.71 0.096 

BREADTH -.00000214 -2.30 0.027 

LSM .0060895 1.28 0.210 

Concerning ROE, Table 7 indicates that BREADTH and GLP are the significant explanatory variables. These results 

are in line with the findings of El Kharti (2014) where productivity ratios (LSM in this study) had no significant 

influence on ROE. In contrast, El Kharti (2014) finds that ROE is explained by the lack of maturity of Moroccan 

MFIs and the lack of efficiency of loan officers. A possible explanation of this could be the more recent data used in 

our study versus El Kharti’s, and an assumed increase in the productivity following the increase in the maturity of 

the MFIs. Our GLP and BREADTH results also agree with the findings in Jayantih Patil (2015)’s study on 17 rural 

MFIs in India. 

Model C – OSS: Significant Model – F-test < 0.05 with a probability 0.000. 

Table 8. Significance Summary Results of Model C 

Variable Coefficients t P>|t| 

GLP 1.12e-09 0.39 0.699 

PAR -1.804556 -2.08 0.042 

BREADTH -8.97e-07 -0.68 0.500 

LSM .0038224 6.84 0.000 

Finally, Table 8 indicates that the Portfolio at Risk (PAR) and the Loans per Staff Member (LSM) are the significant 

explanatory variables for the OSS. The PAR finding seems to indicate that repayment rate influences the 

sustainability of the MFIs, in the sense that the higher the unpaid loans ratio, the less sustainable the MFI. In this 

regard, our study joins similar findings in other contexts (for instance Khan & Butt, 2017). On the other hand, the 

fact that LSM impacts significantly the MFI’s sustainability contrasts with the findings in Patil & Gopal’s (2015) 

study, where it turns out to be statistically insignificant.  The differences in the economic and financial 

environments, as well as in the regulatory frameworks between Morocco and India are a plausible explanation of 

these contrasted results.   

6. Concluding Remarks  

This paper aims at exploring the determinants of financial performance and sustainability of Moroccan MFIs. 

Following a literature review where the emphasis is put on traditional profitability metrics such as ROA and ROE, 

the paper provides a more complete understanding of the factors driving the continuing success of MFIs in the 

Moroccan context. Our study establishes the significant impact of staff productivity on ROA. Another important 

finding is the negative impact of the number of active borrowers on ROE. Finally, the study shows that the quality of 

the portfolio (measured through the Portfolio at Risk metric) and staff productivity impact the sustainability of MFIs. 

The main limitation of the study lies in the nature of the data collected. Even though the data set used was exhaustive 

in terms of time scope and number of MFIs (10 out of the 13 available in the Moroccan market), the data is still 

unbalanced in certain variables and for certain MFIs. Furthermore, the data had to go through several rounds of 

manipulations following the results of the diagnostic tests. Access to data of better quality would certainly yield 

more reliable and robust results.  

The variability of the findings from one study to the other could partially be explained by endogeneity problems and 

the complex web of causality relations that govern MFIs performance, sustainability, and social impact, and their 
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explanatory variables. Econometric techniques have been suggested to alleviate the endogeneity issues (Li, 2016). 

These techniques include the use of a combination of GMM dynamic models, instrumental variables, fixed effect 

models, lagged independent variables, and additional control variables. The adaptation of these techniques to the 

topic of our study (Moroccan MFIs performance, sustainability, and outreach) will be the subject of our next research 

endeavor. 

Another limitation of the study is the use of simple OLS panel analysis. By using this type of approach and analysis, 

we have been successful in revealing important relationships involving various metrics related to financial 

performance and sustainability, social impact, and staff productivity. Yet, more sophisticated statistical approaches 

are likely to provide further findings and an even deeper understandings of the MFI dynamics in Morocco. Among 

the possible techniques we are considering for our next research on the topic, Structural Equation Modeling (SEM) 

can be singled out. Another potential avenue to explore is the combination of Data-Envelopment Analysis (DEA) 

non-parametric techniques with parametric, regression-based analysis. 
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Appendices 

Appendix 1 – Hausman Tests Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Hausman Test for Model A 

Figure 2. Hausman Test for Model B 

Figure 3. Hausman Test for Model C 
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Figure 4. Fixed-effects Model A 

Appendix 2 – Fixed-effects After Adjustment Model Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Fixed-effects Model B 
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Figure 6. Fixed-effects Model C 
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Appendix 3 – Correlation Matrices 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Correlation Matrix, Model A 

Figure 8. Correlation Matrix, Model B 

Figure 9. Correlation Matrix, Model C 


