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A B S T R A C T   

We leverage novel data extracted from weekly updated registers of Alternate Dispute Resolution (ADR) centres to 
examine the impact of early access to land record information through digitization on dispute resolution out-
comes in the Punjab province of Pakistan. Employing a quasi-experimental design, we estimate the causal effect 
of early access to Punjab Land Record Management Information System (PLRMIS) on the registration and res-
olution process of land-related disputes. Our results reveal that ADR centres in districts with early treatment 
experience an average increase of approximately 50 cases compared to those in districts with late treatment. By 
utilizing generalized multi-level mixed effect and two-stage least square models, we find that early imple-
mentation of PLRMIS significantly increases successful mediation outcomes by 126 cases in the treatment region 
with no effect on mediation failure cases. These findings provide compelling evidence for the pivotal role of 
PLRMIS in facilitating effective alternate dispute resolution, indicating increased public utilization of the system. 
Our results underscore the effectiveness of digitization and e-governance systems in improving land adminis-
tration, reducing information asymmetry, and expediting the dispute resolution process.   

1. Introduction 

The transformation of land governance systems is increasingly 
emphasized in developing countries to keep pace with the digital evo-
lution and meet the rising expectations of citizens. Various national and 
international organizations, as well as governments, have played a 
crucial role in introducing reforms aimed at transforming conventional 
land record management systems. For instance, the World Bank has 
committed billions of dollars in different parts of the developing world 
to upgrade inefficient, paper-based land records and services (World 
Bank, 2005; Holstein, 1996; USAID, 2010). These reforms have core 
objectives that encompass economic growth, political stability, credit 
supply, environmental preservation, and the achievement of sustainable 
development goals (SDGs) (Conning and Deb, 2007; De Soto, 2000; 
North, 1990). Previous research on land-related reforms has predomi-
nantly focused on their direct short-run effects. While the extent of these 
effects is still debated, the existing findings suggest that digitization of 
land records benefits certain stakeholders by increasing ownership se-
curity, enhancing transparency, reducing transaction costs, preventing 
fraud, and improving record accessibility. Most studies on land-related 
reforms have overlooked the assessment of their impact on civil 

disputes, which primarily stem from an ambiguous land record system. 
Land in the Punjab province of Pakistan is known for its fertility, 

agricultural diversity, and its contribution to the rural economy of the 
country. Prior to the implementation of the land digitization program, 
issues related to land ownership and administration posed significant 
constraints for both the government and the general public in realizing 
its true value. These issues included inefficient registration and transfer 
systems, tenure insecurity, and disparities in land distribution (Ali, 
2013; Marshall, 1975; Thakur et al., 2005). The archaic manual land 
record system, which had been in place for centuries, also led to 
increased transaction costs for formal and informal land transactions, as 
well as a rise in land-related disputes in both rural and urban areas 
(Cheema et al., 2006). In Pakistan, land-related disputes in civil courts 
are often delayed due to the inefficiencies and complexity of the land 
record system. Instances of fraud, incorrect demarcation and multiple 
parties registering claims to the same piece of land are the primary 
causes behind the majority of disputes brought before Pakistan’s civil 
courts." 

In this research, we hypothesize that providing the public with easy 
access to land records initially leads to an increase in the frequency of 
land-related dispute registrations. This increase was observed in the 
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Punjab province as a result of the land-record digitization program that 
made land-related information publicly accessible. However, we argue 
that this enhanced access indirectly contributed to a higher likelihood of 
successful dispute resolution. We assume that in the past, the public had 
limited access to land records, and obtaining that information incurred 
high transaction costs, resulting in a lower number of dispute registra-
tions. We specifically attempt to answer the following questions:  

• Do districts that had early access to the digitization program exhibit 
differences in land-related dispute registrations compared to districts 
where the program was implemented three years later?  

• Does the PLRMIS have a direct or indirect causal effect on the dispute 
resolution process in the Punjab province? 

Using novel data extracted from weekly registers maintained by 
Alternate Dispute Resolution (ADR) centres in Punjab, our analysis re-
veals a substantial increase in the number of civil disputes, specifically 
those related to land, in districts that were exposed to the PLRMIS by 
2013 compared to districts where the program was implemented three 
years later in 2016. 

The following section offers a brief overview of the historical 
development of land administration and the importance of transparent 
property rights in the sub-continent. Section 3 presents a detailed ac-
count of the digitization process and the establishment of alternate 
dispute resolution centres in Punjab. Section 4 outlines the study area, 
data sources, and the methodology employed in this study. The results 
are presented and discussed respectively in Section 5 and Section 6. The 
last section concludes. 

2. Land governance and property rights 

2.1. The historical context of land administration in Pakistan 

The history of land administration and revenue generation in the 
Indian Sub-continent dates back to the 13th and 14th centuries, when Ala 
Uddin Khilji, the first Indian Sultan, initiated the registration and 
administration of land records (Ali, 2013). Subsequent rulers continued 
this practice and collected land revenue. In the 16th century, Sher Shah 
Suri introduced fixed crop rates, leading to significant improvements in 
the measurement of land records (Thakur et al., 2005). In the 17th 

century, Akbar, the powerful emperor of the Mughal Empire, imple-
mented substantial reforms in land administration, including the clas-
sification of lands and revenue estates (Ali, 2013). The British rule, 
which followed the Mughal Empire, further enhanced the land admin-
istration system to increase land revenues across the sub-continent 
(Marshall, 1975). However, the uniform implementation of laws posed 
challenges, leading to the introduction and modification of state-specific 
regulations during British rule (Thakur et al., 2005). An important 
intervention by the British rule in India was the "Punjab Land Alienation 
Act 1900," which prohibited land transfer rights from agriculture to 
non-agriculture class (Cheema et al., 2006). Although minor amend-
ments occurred over the years, major land-related laws introduced by 
the British government, such as "the transfer of property act of 1882" and 
"the Punjab tenancy act of 1887," continued to exist after the indepen-
dence of Pakistan and India in 1947. For example, the "land revenue act 
of 1887" was amended with "the Punjab land revenue act of 1967." 
Today, the overall land administration system in Pakistan operates 
within the framework of the British era’s laws and regulations 
(UN-HABITAT, 2012). Table A1 in the supplementary information 
provides a detailed timeline and evolution of land-related legislation in 
Pakistan spanning 140 years. 

2.2. Transparency in land ownership and social and economic outcomes 

There is wide recognition among policy makers and economists 
about the importance of an efficiently administered and strongly 

protected landownership (Falkinger and Grossmann, 2013; Papa-
georgiou and Turnbull, 2005; Lippit, 2018; Blocher, 2006; Derby and 
Francis, 2002). Land ownership, as a vital household asset, plays a sig-
nificant role in improving social and economic outcomes. However, 
realizing these benefits requires a secure property rights regime. Secure 
property rights can lead to reduced individual spending on rights pro-
tection and lower expropriation risks, thereby enhancing investment 
incentives. Additionally, land serves as a primary source of collateral for 
accessing credit from both formal financial institutions (such as banks) 
and informal credit providers (ADB, 2019; Ali et al., 2014). Numerous 
studies conducted in developing contexts highlight the significant role of 
secure property rights regimes in facilitating access to credit (Deininger 
and Goyal, 2012; Greif, 1993; North, 1981). 

Nevertheless, land-related disputes are prevalent in developing 
countries due to the lack of a transparent and efficient land adminis-
tration system (Qazi, 2006; Wehrmann, 2008; Magsi et al., 2017). Pre-
vious studies have identified various factors contributing to land-related 
disputes in developing countries (Bennett et al., 2021; Sarwar and Jalil, 
2017). These factors include, but are not limited to, land ownership 
rights (Boone et al., 2013), transaction costs (Rusu and Hodosi, 2011), 
ambiguity in land records, tenure security, land titling, and access to 
credit through collateral lands (Edeh et al., 2022). Land tenure, or 
tenure security, refers to people’s ability to manage and control land, 
utilize it, dispose of its produce, and engage in transactions, including 
transfers (International Fund for Agricultural Development, 2015). Ac-
cording to UN-HABITAT (2012), the lack of governments’ ability to 
provide tenure security as a protective right against forced evictions 
often leads to disputes among different parties (Boudreaux and Sacks, 
2009). The conventional paper-based land administration system is 
primarily maintained for tax collection, while tenure security depends 
on legal, administrative, and social factors (Ali et al., 2014). The PLRMIS 
Project appraisal document highlights the high costs associated with 
land transactions and the prevalence of land rights disputes in Punjab, 
attributing both issues to the inefficient and outdated land records sys-
tem (World Bank, Project Information Document, 2005). A key sentence 
from the project documents is reproduced as below: 

“Inequalities of land distribution, tenure insecurity and difficulties 
associated with the land administration and registration system are 
closely interrelated and continue to impose significant constraints on 
both rural and urban populations, particularly the poor. Land 
transactions are relatively expensive, and disputes about accuracy of 
land rights are caused, among others, by the inefficient and dispersed 
land records system. As a result, land markets are thin and land 
prices are more than the discounted value of potential agricultural 
earnings from land. The low mobility of land contributes to perpet-
uating the highly unequal distribution of land and, thus, livelihood 
opportunities” (World Bank, Project Information Document, 2005 
pp. 1) 

Other studies have highlighted the presence of information asym-
metry in the conventional paper-based land record system, leading to 
inefficiencies in land markets and limited access to formal credit (Ali 
et al., 2014; World Bank, 2005; Huggins and Frosina, 2017; Mitchell 
et al., 2008). In Section 3.3, we present a theory of change that eluci-
dates the potential mechanisms through which the PLRMIS may impact 
various outcome of interest. 

3. Digitization and the establishment of alternate dispute 
resolution centres 

3.1. Introduction of the Punjab Land Record Management Information 
System 

Recognizing the significance of efficient land administration and its 
impact on the broader domains of governance and administration, the 
Punjab provincial government, in partnership with the World Bank, 
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introduced the Punjab Land Record Management Information System 
(PLRMIS) and established the Punjab Land Record Authority. The pri-
mary objective of PLRMIS was to enhance public access to land infor-
mation and promote transparency in land records. The program was 
initially launched in eighteen districts of the province in 2013, collec-
tively referred to as the Early Treatment Region. Subsequently, in the 
second phase, the program was expanded to cover the entire province in 
2016. According to the project documents, one of the key objectives of 
the program was to provide public access to land-records at low cost and 
to provide tenure security which ultimately leads to lesser transaction 
cost. 

Unlike the conventional system, the PLRMIS introduced a user- 
friendly interface that facilitated easy access to land records and 
streamlined land transactions. To address any resistance and foster a 
positive attitude among key stakeholders, such as the Land Record Staff 
(known as "Patwaris") at the Tehsil level, the program implemented 
various training and capacity-building initiatives. Initially, there was 
resistence by the Patwaris, but through extensive negotiations, the 
program incorporated incentives and capacity-building measures for 
existing staff in the implementation of the PLRMIS. These included the 
construction of new field offices equipped with IT facilities, trans-
portation allowances, and the allocation of 2% of land revenues to 
revenue officers. Considering that rural areas often exhibit slower 
response to such technological advancements, the program launched 
public awareness campaigns to encourage active participation and uti-
lization of the digitized record management systems. These campaigns 
included the organization of 36 workshops between December 2011 and 
February 2014, involving 5663 internal key stakeholders, such as dis-
trict collectors, additional district collectors, assistant commissioners, 
and revenue functionaries like tehsildars, girdawars, and patwaris. 
Additionally, consultations were conducted with 250 representatives 
from the Punjab Bar Association and field revenue staff to ensure 
effective implementation of the program. These measures aimed to 
address potential challenges arising from social unawareness and pro-
mote widespread adoption of the PLRMIS. 

3.2. The alternate dispute resolution mechanism 

Alternative dispute resolution refers to a process in which a neutral 
third party—a mediator or arbitrator—helps parties who are embroiled 
in a dispute come to an agreement (Katie, 2023). There are a number of 
methods that can be followed in ADR, for instance, negotiation, arbi-
tration, conciliation, mediation, evaluation, and transaction (Menkel--
Meadow, 2015). The most common feature of any type of ADR method is 
to find an admissible solution for any dispute without following formal 
court procedures. Its ultimate purpose is to understand the factual 
problem at the ground level and resolve it by negotiation (Nathanson, 
1997). 

Land-related disputes are prevalent in Pakistani courts, with over a 
million cases pending nationwide across Punjab, Sindh, Khyber Pak-
htunkhwa (KP), and Balochistan (Ali and Nasir, 2010). The main causes 
of these disputes include inaccurate or fraudulent land records, erro-
neous boundary descriptions leading to overlapping claims, and multi-
ple registrations by different parties (Dowall and Ellis, 2009; USAID, 
2008). To reduce burden on the judiciary, the ADR centres were 
established by the provincial government of Punjab in collaboration 
with the World Bank in all 36 districts of Punjab in 2016 (Awais and 
Munir, 2018; Hamid et al., 2016). The core objective of ADRs was to 
register and resolve the land-related dispute through ADR methods 
including but not limited to negotiation, mediation, and evaluation. 
According to the Punjab Alternate Dispute Resolution Act 2019, when a 
person from the general public gets aware of information about his/her 
land ownership but it is not in his possession, he/she can file a dispute 
reference in court. The court refers the dispute case to the ADR centre 
within thirty days of the filing of the case by the defendant. Besides a 
personal petition, if a trial court finds any land-related dispute 

resolvable at ADR, it can refer that case at any stage and at any time to 
ADR for resolution. Before referring any dispute to ADR, the court shall 
take the opinion of parties for any specific ADR centre.1 The court also 
schedules a timeframe for the resolution of the case that must not exceed 
60 days after reference. However, the resolution time may be extended 
on the application of both parties and the extension may be granted for a 
maximum of 6 months (The Punjab Alternate Dispute Resolution Act, 
2019). Each Centre is represented by a setting judge who is called 
Mediator. 

3.3. Information asymmetry and the choice of parties to select the 
resolution process 

We posit that the choice of parties to opt for alternate mediation 
process is strongly affected by the availability and access to land record 
through PLRMIS. Drawing on Klein et al. (2016) and Duke and Jost’s 
(2003) signaling model, we explore the potential impact of digitization 
on the outcome of dispute mediation in a strategic game scenario. In the 
presence of ADR centres, parties who have disputes and have taken their 
disputes to the courts can now decide whether to opt for their pro-
ceedings through ADR or continue the litigation process through courts. 

Consider two parties involved in a land dispute: Disputant 1 (D1) and 
Disputant 2 (D2). The desired outcome is the resolution of land disputes 
with minimal cost and in shorter timeframe. In the presence of infor-
mation asymmetry, such as prior to the digitization of land records, both 
parties faced higher costs in the dispute resolution process through 
litigation. However, in the post-digitization scenario, where both parties 
are aware that land ownership information is public and transparent, 
they have equal access to factual information. This increased trans-
parency raises the probability of reaching a resolution faster than before. 
Suppose D1 chooses to accept alternate mediation (e.g., cooperates (C)) 
for the dispute, while D2 defects and resorts to the litigation process 
through the judicial system. D2’s decision will ultimately result in no 
assignment of the dispute to ADR, and conventional litigation will lead 
to less favorable outcomes for both parties in terms of time and cost. 
Therefore, choosing cooperation by opting for ADR becomes the likely 
decision for both parties as it maximizes their benefits. Thus, introduc-
tion of the digitized land record system has a great potential to overcome 
the information asymmetry that otherwise causes a high transaction cost 
for parties to initiate or peruse disputes related to land ownership and 
use. 

Fig. 1 illustrates the relationship between PLRMIS, dispute registra-
tion, and ADR outcomes, highlighting the role of information asymme-
try. Prior to the implementation of PLRMIS, land records were manually 
maintained and not accessible to the general public, resulting in a low 
number of land-related disputes. The figure also suggests a potential 
reverse causality, where the implementation of the PLRMIS may have 
been driven by a higher number of disputes. For instance, the PLRMIS 
was first proposed in 2003–04, followed by a pilot project in Rahim Yar 
Khan and Gujrat in 2005. Subsequently, it expanded to cover 13 districts 
by 2010 and was fully implemented in 18 districts in 2013, with the 
remaining 18 districts implemented in 2016. Fig. 2 supports this notion 
by displaying a higher density of Mouzas, which serves as a proxy var-
iable for a larger volume of land records, in the early treated districts. 
This observation raises the possibility of selection bias in program 
implementation, highlighting the need for a more rigorous investigation 
of the program’s effectiveness. 

1 In Section 5, we discuss the possibility of dispute registration and resolution 
process being driven by the individual Judge-specific characteristics. 
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4. Study area, data and methodology 

4.1. The study area 

The Punjab province occupies a total area of 205,345 km2 and is the 
most densely populated province in Pakistan, housing over 80 million 
inhabitants, which accounts for 55% of the country’s total population. 
Most of the Punjab’s population is distributed across the rural areas 
where agriculture is the dominant sector of the economy. The admin-
istrative unit of the province is district while the agricultural land size is 
measured by the number of mauzas. Due to budget constraints, initially 
the PLRMIS was implemented only in the 18 districts of Punjab while the 
remaining2 districts were included later in 2016. Fig. 2 shows the 
implementation of the program in two sets of districts in Punjab with a 
maximum of three years difference. For experimental purposes, those 18 
early exposed districts are called the early treatment group while those 
districts that were exposed to the program later in 2016 are called the 
late treatment (comparison) group. 

4.2. Data 

Our analysis relies on data obtained from the weekly maintained 
registers of Alternative Dispute Resolution centres operating in each 
district of the Punjab Province. The data covers the period from June 
2017 to December 2020, and includes key variables of interest such as 
the number of disputes registered, successfully mediated references, 
failed mediation cases, criminal cases, civil cases, rent-related cases, and 
disputes other than these categories. To facilitate analysis, the data is 
organized in a multi-level panel format, where each week is represented 
for each mediating judge in corresponding district. While most data 

points are reported on a weekly basis (from one specific date to another 
date), some instances involve reporting for a two to three-week period, 
resulting in an unbalanced panel. To address this issue, we introduce a 
variable called "period in days" which calculates the number of days 
between the "from" date and the "to" date. Additionally, we create a new 
time variable called "week" and assign a unique value ranging from 1 to 
63 based on the reported count of cases over time. 

Table 1 presents summary statistics in a panel decomposed form for 
the key variables derived from the ADR weekly data. Furthermore, we 
include the standard deviation for each variable, both between districts 
and within districts. The reason for panel decomposition is to under-
stand the variance of variables of interest between districts and within 
districts over time. The “within” standard deviations tells us how much 
each of the variable varies within districts i, while ignoring all variation 
between districts. Similarly, the between standard deviation shows the 
variation between districts while ignoring the within variation in each 
district. 

In addition to ADR data, we also use data on the other variables 
including gross literacy rate, population density, number of police sta-
tions, number of mauzas- a territorial unit for land administration pur-
pose precisely measured and divided into plots/khasras/survey 
numbers-, which come from the Punjab Development Statistics. 

4.3. Empirical strategy 

To evaluate the impact of PLRMIS on disputes registration and res-
olution outcomes in Punjab, we adopt a quasi-experimental approach. 
We compare two sets of districts: the early-treated districts where 
PLRMIS was fully functional by 2013, and the late-treated districts 
where the implementation was completed in 2016. This comparative 
analysis allows us to assess the causal effects of PLRMIS on the desired 
outcomes while considering temporal and spatial variations in the pro-
gram’s implementation. 

As an initial step, we compare the means of the outcome variables 
between the treated districts and controlled districts to identify any 

Fig. 1. Styled Model of Program’s Expected Effect.  

2 In 2017, Punjab was administratively divided into 36 districts, however in 
the ADR data we use in this study, some districts were divided into two units, 
therefore the total number of administrative units are 38. 
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significant differences. Furthermore, we employ kernel density plots 
(see Fig A1 in the supplementary information) to visualize the observed 
difference in outcome variables between treated and control districts. 
However, relying only on mean differences can be biased, as indicated 
by the substantial differences among the overall, within, and between 
standard deviations presented in Table 1. For instance, the reported 
standard deviations for total disputes registered highlight that the 
variation across districts (SD = 105) differs from the variation within 
districts (SD = 171). This suggests that if we randomly select two dis-
tricts from the data, the difference in the total number of registered 
disputes is likely to vary compared to the difference within a single 
district over two randomly selected weeks. Furthermore, simple mean 
comparisons are susceptible to potential bias caused by confounding 
factors that may simultaneously influence the variables of interest, in-
dependent of the treatment. 

4.4. Between-within hybrid model 

Panel data offers the advantage of controlling for time-invariant 
unobserved heterogeneity, making it highly recommended for causal 
research (Wooldridge, 2010). By employing various forms of difference 
within and between groups, panel data enables the removal of 
time-invariant unobserved heterogeneity, although time-varying 
omitted variables may still be present (Chatelain and Ralf, 2021). 
Given the longitudinal nature of the ADR data, which spans over 63 
weeks and consists of district-level information, and the fact that our 
parameter of interest is a binary time-invariant variable, the “early--
treated district” dummy, standard fixed-effect models or first-difference 
estimators cannot be utilized to control for unobserved heterogeneity. 
Figure A2 in the supplementary information displays the district-wise 
trend in the number of disputes registered in ADR centres for the 

Fig. 2. Implementation of PLRMIS and Mauza Density in Punjab. (Source: Authors analysis using data from Punjab Development Statistics) Note: Mauza-density is 
measured as the ratio of total number of mauzas to the total size of the district is square kilometers. 
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initial 10 weeks, demonstrating that each district exhibits a linear trend 
in registered disputes, with the overall number varying across districts. 
A similar trend was observed for the sub-types of disputes registered in 
ADR offices. Consequently, we adopt a hybrid model as an alternative to 
standard random effect (RE) or fixed effect (FE) models in the linear 
case. By demeaning the explanatory and outcome variables (subtracting 
the mean value from each observation), we address the issue of omitted 
coefficients of level-two variables. Consider between model as below: 

yi = βxi + γdi + ui + ϵi (1)  

where yi is the mean of level-one outcome variable by district, xi is the 
mean of level-one explanatory variable by district i, di is the level-two 
variable dummy (early treatment, and other controls) that only varies 
between clusters, ui is the level-two error term, ϵi is the mean of level- 
one error term. The standard random effect model is given by: 

yit = βxit + γdi + ui + ϵit (2)  

where the subscript i and t represent the level-two-unit district and level- 
one-unit time (in weeks) respectively. Subtracting (2) from (1) leads to 
the “within transformation” that averages out all time-invariant ele-
ments including the level-two error term due to the fact that di = di and 
ui = ui. This within-transformed model is given as: 

(yit − yi) = βFE(xit − xi)+ (ϵit − ϵi) (3) 

Our interests is not to examine what happens within each district 
itself, rather we treat them as a random sample from a larger population 
and following Ruppert et al. (2003) and Diggle et al. (2002), we model 
the between-districts variation as a random effect at the district level. 
We thus adopt a hybrid model that separates within- and 
between-district effects (Neuhaus and McCulloch, 2006; Schunck, 2013; 
Allison, 2009) and the correlated random-effects model (Cameron and 
Trivedi, 2005; Wooldridge, 2010) as below: 

g(μit) = βW(xit − xi)+ βBxi + γdi +αi+ui (4) 

This specification includes both the deviation from the district- 
specific means (xit − xi) and the district specific mean xi among other 
covariates in the model. γ is the coefficient of time-constant variables 
that include the early treatment dummy, population density, literacy 
rate, number of police stations and mauza density. We assume that these 
time-constant variables included as regressors are not correlated with 
unobserved district level characteristics (i.e., cov(di, αi) = 0). Also, we 
hold the strict exogeneity assumption about our regressor (early treat-
ment), which implies that the (unconditional) expected value of the 
error term (ui) is zero while the error term does not correlate with any of 
our explanatory variables including the early treatment dummy. We 
estimate Eq. (4) using a generalized linear mixed model (GLMM), an 
extension of generalized linear model (GLM), allowing for estimating a 
random effect model that also takes care for the fixed effect component 
in the regression. For the GLMM model, we control for demographic and 
geographic characteristics including population density, literacy rate, 
number of police station and mauza density, as well as control for in-
dividual mediating judge fixed effect. 

We also compare the estimates of the hybrid model with a closely 
related model called “correlated random-effect or Mundlak (1978)” 
model. Schunck and Perales (2017) and Wooldridge (2010) suggest 
including the level-one variable (xit) in its undemeaned (original state of 
variable without subtracting mean value from observations) form. These 
decomposed models can approximate fixed-effects estimates for speci-
fications in which a fixed-effects estimator is not available or imple-
mented (Neuhaus and McCulloch, 2006; Schunck, 2013). 

4.5. Endogeneity in early treatment and the two stage least square 
approach 

Causally attributing the difference in outcome variables between the 
two groups solely to the PLRMIS requires careful consideration of po-
tential sources of endogeneity when working with observational data. 
Several factors, such as self-selection into treatment, unobserved time- 
varying confounders, unit heterogeneity, measurement error, reverse 
causality, and autocorrelation, can induce bias in our analysis (Angrist 
and Krueger, 2001). In our case, one potential source of selection bias is 
the criterion used to select districts for early implementation of the 
PLRMIS. During the initial stage of PLRMIS implementation, 18 districts 
in Punjab were at the Kanungoi (sub-tehsil) level due to logistical con-
straints and limited resources. However, later implementation at the 
Tehsil level in the remaining districts was deemed more rational and 
feasible (World Bank, 2017). While the selection of districts into treat-
ment was primarily driven by budget and feasibility considerations 
rather than socioeconomic factors, it is still possible to argue that district 
selection may have been influenced by geographical subdivisions or 
other unobserved factors. In this case, there could be reverse causality, 
where districts with a larger volume of land records were prioritized for 
early treatment. 

To address these concerns, we follow the approach suggested by 
Hausman and Taylor (1981) and utilize an instrumental variable that 
meets the necessary conditions and induces variation in the early 
treatment dummy. We estimate the interaction effect of mauza density 

Table 1 
Summary of ADR Weekly Reports and PDS Data [With panel decomposed SDs].  

Variable Panel Mean Std. Dev. Obs 

Alternate Dispute Resolution 
Variables     

Number of Total Disputes 
Registered 

Overall 318.70 200.70 N = 2394  

Between  105.0 n = 38  
Within  171.85 T = 63 

Criminal Cases Overall 100.87 107.42 N = 2394  
Between  86.10 n = 38  
Within  65.70 T = 63 

Land-Related /Civil Cases Overall 103.7 87.41 N = 2356  
Between  64.54 n = 38  
Within  59.85 T = 63 

Family-Cases Overall 159.30 156.46 N = 2394  
Between  123.04 n = 38  
Within  98.66 T = 63 

Guardian Cases Overall 9.64 12.46 N = 2394  
Between  10.95 n = 38  
Within  6.20 T = 63 

Rent-related Cases Overall 2.15 4.18 N = 2394  
Between  3.78 n = 38  
Within  1.87 T = 63 

Other Cases Overall 19.59 23.67 N = 2394  
Between  19.53 n = 38  
Within  13.72 T = 63 

Cases of Mediation Failure Overall 53.96 43.97 N = 2394  
Between  30.25 n = 38  
Within  32.27 T = 63 

Cases of Mediation Success Overall 116.46 116.46 N = 2394  
Between  70.32 n = 38  
Within  93.52 T = 63 

Demographic and Geographic 
Variables     
Police Stations Overall 18.711 7.892 2394 
Mauzas Overall 682 344.327 2394 
Total Area (km2) Overall 5551.29 4330.406 2394 
Population Density Overall 491.595 306.152 2394 
Adult Literacy (% adult 
population) 

Overall 61.9 18.2 2394 

Notes: Summary statistics of the key variables used in this study are reported. 
Data on alternate dispute resolution variables comes from Lahore High Court 
publications of ADR data, while data on demographic and geographic variables 
come from Punjab Development Statistics (PDS). N, n, T represent total number 
of observations, number of districts and number of time periods in weeks, 
respectively. 
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and the total number of disputes registered on the early treatment var-
iable and obtain the predicted values of the endogenous early treatment. 
This instrumental variable approach helps us address the potential 
endogeneity issues and strengthen the causal interpretation of the effect 
of the PLRMIS on the outcome variables (Utami et al., 2021). 

First Stage: 

g(ETit) = β0 + β1(MDi × Rit) + β2MDi + β3Rit + δXit + τt + Uit (5)  

where g(ETit) is a (probit) function of binary dependent “early treat-
ment” dummy, MD represents the mauza density in district i (measured 
as total number of mauza divided by the size of the total area in km2), Rit 
represents the number of received cases to ADR centres in district i at 
time t. Our interest in the first stage is in the statistical strength of 
β1(interaction term). We then run second stage regression of ADR 
outcome on the predicted values of treatment conditional on district, 
time, and individual judge fixed effects as follows: 

Second Stage 

Yijt = θ0 + θ̂1ETijt + θ2Xijt + δi + γj + τt + εijt (6)  

where θ1 is the parameter of interest indicating the causal effect of 
program on the outcome of a dispute case Y in district i with mediator j 
in week t. For the dispute resolution outcome variable, we also use in-
dividual judge fixed effect (γj)in this model considering the idea that 
dispute resolution partly also depends on the personal abilities of a 
mediating judge. This specification rests on the following justification 
and assumptions. 

If we consider that districts selection into the treatment was based on 
the volume of existing land records, then the best option would have 
been to use the original land records data across districts. However, we 
lack direct observations of the actual land records at the time of 
assignment. Instead, we utilize the total number of registered disputes as 
a proxy to approximate the volume of land records. Nevertheless, 
considering the significant variation in district land sizes across Punjab, 
using the total number of cases alone is inadequate. To address this, we 
incorporate the interaction between mauza density (indicating land 
size) and the total number of registered cases, which serves as a 
reasonable proxy for the presumed land records at the time of treatment 
assignment. We find a strong correlation between early treatment and 
this interaction term i.e., COV (ET, MD*R)‡ 0. Further, we also assume 
that there is no direct effect of interaction term (MD*R) on the dispute 
resolution outcomes (Y) except through early treatment after controlling 
for covariates. Further we assume that weekly average of the number of 
cases registered in ADR offices is not correlated with individual district 
random effect. 

4.6. Interviews with key informants 

To gather in-depth insights and perspectives from individuals who 
possess specialized knowledge and expertise related to the PLRMIS, we 
conducted interviews during field visits in fifteen tehsils across five 
major districts, namely Mianwali, Khushab, Sargodha, Chiniot, and the 
pilot test districts of Attock and Rawalpindi. The informants were 
selected based on purposive sampling. The interviews were guided by a 
semi-structured questionnaire while also allowing room for the in-
formants to share their unique insights and experiences. The data 
collected from these interviews and discussion with stakeholders played 
a crucial role in enriching our understanding of the procedures, use, 
interoperability, and issues related to the PLRMIS implementation. 

5. Findings 

5.1. Mean-differences in ADR disputes references 

Table 2 reports the mean-differences results. We observe significant 

differences between the early treated and late treated districts in terms 
of total number of received dispute cases, criminal disputes, civil/land- 
related disputes, and family-related disputes. On average, districts in the 
early treated region received 47 more dispute cases compared to the late 
treated region. Furthermore, the early treated districts showed a higher 
average difference of 58 cases in civil disputes and 36 cases in criminal 
disputes compared to the late treated region. The t-test confirms the 
statistical significance of these differences at a 1% significance level. 
Moreover, the disparity in the outcome of the ADR process, specifically 
the successful resolution, is also statistically significant and positive. We 
believe that this ADR outcome variable is partly influenced by the 
PLRMIS, as many disputes stem from the ambiguity of land-related re-
cords. However, as we earlier noted that the simple mean difference 
approach is susceptible to concerns such as confounding variables that 
may simultaneously affect both groups, which can potentially offsett the 
program’s true effect. 

Table 2 
Mean Difference between Treated and Control Districts (t-test).   

Early Treated 
Group 

Late Treated 
Group 

Mean Difference (t-test) 

Variables N Mean N Mean Diff S.E p- 
value 

Number of Total 
Disputes 
Registered 

1134 343.4 1260 296.4 47.0 (8.16) 0 

Criminal Cases 1134 119.8 1260 83.7 36.1 (4.33) 0 
Land-Related 
/Civil Cases 

1116 134.4 1240 76.0 58.4 (3.40) 0 

Family-Cases 1134 182.3 1260 138.6 43.7 (6.34) 0 
Guardian 
Cases 

1134 9.3 1260 9.9 -0.6 (0.51) .25 

Rent-related 
Cases 

1134 2.7 1260 1.6 1.1 (0.17) 0 

Appeals Cases 1134 16.9 1260 9.0 7.9 (0.96) 0 
Previous 
Pendency 
Cases 

1134 0.10 1260 0.11 0.01 (0.06) .79 

Other Cases 1134 20.0 1260 19.2 0.8 (0.96) .41 
Mediation 

Outcome of 
ADR Office        
Number of 
Mediation 
Failure 

1134 60.8 1260 47.7 13.1 (1.78) 0 

Number of 
Mediation 
Success 

1134 215.3 1260 175.1 40.2 (4.69) 0 

Previous 
Pendency 
Cases        
Number of 
Police Stations 

1134 18.3 1260 19.0 -0.7 (0.32) .059 

Number of 
Mauzas 

1134 703.9 1260 662.2 41.7 (14.07) .003 

Population 
Density 
(People/km2) 

1071 521.5 1260 466.1 55.4 (12.67) 0 

Literacy Rate 
(% of Total) 

1134 46.4 1260 39.1 7.3 (0.49) 0 

Table 2 shows the mean differences of key variables used in this study between 
18 early treated districts and 20 late treated districts in the Punjab Province, 
Pakistan. Data on disputes registration and ADR outcomes come from the 
Alternate Dispute Resolution Centres’ records in all 38 districts across the 
Punjab Province. Data on the demographic and geographic variables including 
police stations, mauzas, literacy rate, and population density come from Punjab 
Development Statistics 2017. The last three columns represent the coefficients of 
mean difference, standard errors, and p-values. Statistical significance at the 1, 
5, 10% levels are indicated by *** , ** , and * , respectively. 
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5.2. Impact of early access to PLRMIS on civil disputes registration 

Table 3 presents the estimates of the program effect on civil/land- 
related disputes using generalized mixed effects, hybrid random ef-
fects, and instrumental variable approaches. The coefficient of Early 
Access to PLRMIS is consistently large across the three specifications, 
indicating a substantial treatment effect. Controlling for population 
density, number of police stations, literacy rate, and mauza’s density, 
districts in the early treated region are estimated to have 50 more cases 
compared to the late treated region. The hybrid model, which in-
corporates time-varying regressors such as the total number of cases 
received in ADR centres, shows a positive relationship between the total 
number of registered cases and civil/land-related cases (within-district 
effect). The instrumental variable approach, using the 2SLS Hausman- 
Taylor model, provides a slightly larger and more causal estimate 
(52.8) compared to the hybrid model (49.8). The instrument used in the 
HT model is the number of disputes registered at ADR centres other than 
those categorized in the data. The random-effects group-specific growth 
curves shown in Fig. 3 demonstrate a significantly higher linear trend in 
the coefficients of early treated districts over time, both in terms of civil 

disputes’ registration process and dispute resolution outcomes. The RE- 
GCs estimation is conducted following Bernardi et al. (2017) and Sta-
warz (2013) after applying the mixed effects GLM model. 

5.3. Impact on dispute resolution outcomes 

Table 4 presents the effects of early access to PLRMIS on the number 
of successful dispute mediation cases and the number of cases in which 
the mediation process failed. We report results from both the general-
ized linear mixed-effects model (GLMM) and the two-stage least squares 
(2SLS) estimates. The coefficients from the GLMM provide suggestive 
evidence that PLRMIS contributes to the ADR mediation process. Dis-
tricts in the early digitized region are estimated to have, on average, 71 
more successful cases compared to districts in the late treated group. 
Similarly, the coefficient for the number of failed cases is negative, 
indicating a positive impact of PLRMIS on the ADR process. The 2SLS 
results in Table 4, Panel A, show a larger and statistically significant 
impact of the program on the ADR success rate. We control all observed 
characteristics and apply district, time, and individual judge fixed ef-
fects. The 2SLS estimate represents the local average treatment effect 
(LATE), which, given the means of ADR successful cases (e.g., 194), is 
estimated to be 126 for early treated region. For cases in which medi-
ation failed, the 2SLS estimate is positive but not statistically significant. 
These results are interpreted conditionally on the variation caused by 
the interaction of mauza density and total cases registered on the 
endogenous variables (early access to treatment). Specifically, for dis-
tricts in the early treated group, the number of dispute resolution success 
cases is expected to increase by 126. This indirect LATE effect provides 
information about the subjects who benefit from the treatment. 
Comparing the results, the 2SLS estimates provide a more causal inter-
pretation and indicate a larger impact of the program. The F-statistic of 
the first stage shows significant correlation between the instrument and 
the endogenous variable indicating the validity of the instrument. 

5.4. Homogeneity between two groups 

While there may be significant variations within and between dis-
tricts in terms of other socio-economic characteristics, previous research 
highlights the commonality of civil court cases, land-related disputes, 
and registration practices across the Punjab province (CPIN, 2020; 
Gazdar, 2009; LandLinks, 2020; MOCC, 2020; NDMA, 2020; Niazi, 
2003; USAID, 2010). We check this key assumption of the parallel trend 
(homogeneity of two groups before access to the program) using alter-
nate data from Punjab development statistics reports. In Table A 1 ap-
pendix, we show results of the difference-in-differences fixed-effect 
model on reported crimes in two groups over the last 15 years. We check 
the pre-2013 trend between the early treated districts and late treated 
districts in terms of reported crimes, total land utilized, cultivated and 
non-cultivated land size. The coefficient of our interaction term is sta-
tistically not significant indicating no difference between the two 
groups, hence supporting our assumption that before 2013, there was no 
systematic divergence between the two groups of districts. Additionally, 
we run a fixed effect regression model and account for district specific 
time-trend by ploting adjusted predictions of the reported crimes in 
Punjab for two groups separately. Results of the adjusted predictions 
shown in Fig. 4 show a common trend between the two groups over the 
last 15 years. 

6. Discussion 

The empirical findings presented in our study reveal a significant 
difference between two groups of districts, reflecting the effect of phased 
implementation of the PLRMIS program over a span of three years. This 
observed divergence in the outcome of interest can be attributed to the 
introduction of PLRMIS, as it was rolled out in two waves, encompassing 
18 districts in 2013 and the remaining 18 districts in 2016. Specifically, 

Table 3 
Early Treatment Effect on Civil Disputes Registered in ADR Centres.   

Mixed 
Effect 
GLM 

Hybrid 
(Between- 
Within) 
Model 

Correlated-RE 
(Mundlak) 
Model 

Hausman- 
Taylor RE 
Model 

Early Access to 
PLRMIS 

58.38 *** 49.85 *** 49.85 *** 52.83 ***  

(17.76) (17.22) (17.22) (19.15) 
No of Cases 

Registered (TV) 
0.090 ***     

(0.006)    
βW (Within- 

district Effect of 
Cases 
Registered)  

0.211 *** 0.211 ***    

(0.00603) (0.00603)  
βB (Between- 

district Effect of 
Cases 
Registered)  

0.264 ***     

(0.0810)   
τ = βB − βW   0.0535     

(0.0813)  
Demographic and 

Geographic 
Controls (TI) 

Yes Yes Yes Yes 

District Effect Random    
Week Effect Fixed    
Constant 21.38 37.71 37.71 64.37 **  

(36.57) (39.40) (39.40) (27.6) 
Test of RE 

Assumption 
(Wald Tests p- 
values) 

n/a 0.510 0.510  

Mean of the Dep. 
Var 

100.8 103.7 103.7 103.7 

Observations 2294 2294 2294 2294 
Number of 

districts 
37 37 37 37 

Note: Data on outcome variables come from weekly maintained registers pub-
lished by ADR Centres in Punjab province. Demographic controls include pop-
ulation density gross literacy rate, number of police stations, geographic controls 
include the number of mauzas. The data for these variables come from Devel-
opment Statistics Reports. In all regressions, the dependent variables are the 
number of civil disputes registered. Early Access to PLRMIS is a binary indictor 
that equals 1 if the set of districts were exposed to the first phase of PLRMIS 
program in 2013, 0 if the district was not exposed until 2016. For Hausman and 
Taylor, the Early Access to PLRMIS is considered endogenous while total cases 
other than the categorized cases is used as instrument. Robust Standard errors are 
clustered to district level shown in parentheses *** p < .01, ** p < .05, * p < .1 
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our analysis focuses on three key aspects: 1) the impact of the program 
on dispute registration, 2) the success of dispute resolution or mediation, 
and 3) instances of mediation failure. To ensure robustness and mini-
mize biases, we employed rigorous evaluation techniques and thor-
oughly examined alternative explanations for any systematic differences 
between the early-treated and late-treated districts, using secondary 
data. 

Pakistan is known for its high litigation rate, placing a significant 
burden on the judiciary, which struggles to handle a large number of 
litigants. In 2017, the lower courts of Punjab alone had approximately 
1.3 million pending cases, while the number of appointed judges stood 
at only 2400. Consequently, each judge had to handle an average of 540 
cases simultaneously. This situation is exacerbated by challenges in 
accessing land-related records, which are crucial for resolving conflicts 
(Shah et al., 2014). The surge in the number of disputes has over-
whelmed the civil courts, prompting the Government of Punjab to 
establish ADR centres to streamline the resolution process. Initially, 
land-related disputes were relatively few but strongly correlated with 
the volume of land records in administrative units such as districts, 
tehsils, or mouzas. The primary reason behind this association is the 
availability of information. Data reveals that in the absence of accurate 
information, the number of land-related dispute cases remains low. 
However, when correct information becomes accessible, the number of 
dispute cases increases in districts with a higher volume of land records 
compared to those with a lower volume. 

The implementation of PLRMIS has not only improved access to in-
formation, leading to enhanced dispute resolution, but our interviews 
with key informants in the field also support the notion that reduced 
information asymmetry has enabled the general public to resolve dis-
putes more effectively over time through ADR mechanisms. The ulti-
mate objective of e-governance interventions is to serve the public 
efficiently and effectively. This study provides evidence that digitizing 

Fig. 3. Random-Effects Growth Curves.  

Table 4 
Early Treatment Effect on Dispute Mediation Outcomes (GLMM and 2SLS-FE).   

Mediation Success 
Cases 

Mediation Failure 
Cases 

Panel A GLMM 2SLS-FE GLMM 2SLS- 
FE 

Early Access to PLRMIS 71.03 *** 126.2 *** -18.72 *** 26.87  
(11.61) (25.58) (5.844) (21.62) 

βW (Within-district Effect of 
Cases Registered) 

0.253 ***  0.127 ***   

(0.0548)  (0.0271)  
βB (Between-district Effect of 

Cases Registered) 
0.905 ***  0.100 ***   

(0.0662)  (0.0272)  
Controls Yes Yes Yes Yes 
Mediating Judge FE Yes Yes Yes Yes 
Panel B-First Stage     
Endogenous Variable: Early 

Access to PLRMIS     
Instruments: Mauzas× Total 

Number of Registered Cases     
F-Statistics:  56.9  56.9 
Mean of the Dep. Var 194.1 194.1 53.9 194.1 
No. of Districts 37 37 37 37 
Observations 2394 2394 2394 2394 

Note: The first and third column show the multi-level mixed-effects generalized 
linear model (GLMM) while the second and last column show the two-stage least 
square effects of the early access to PLRMIS on the ADR outcomes. The ADR 
outcomes include the number of successful mediation cases and the number of 
unsuccessful (failed) mediation cases as reported in the weekly data by the ADR 
centres. Early Access to PLRMIS is a binary indictor that equals 1 if the districts 
were exposed to the first phase of PLRMIS program in 2013, 0 if the district was 
not exposed until 2016. Control variables include Previous Pendency representing 
the number of cases already accumulated in ADR offices at the time of initial 
observation, demographic controls include population density, gross literacy 
rate, number of police stations in each district. In the first stage (Panel B), the 
interaction term of the Mauzas and total number of disputes registered in ADR is 
used as an instrument to predict the treatment assignment. Mediating Judge FE 
controls individual judge-specific characteristics in the dispute resolution pro-
cess at ADR centres. Robust Standard errors are clustered to district level shown 
in parentheses *** p < .01, ** p < .05, * p < .1 

Fig. 4. Fixed Effect Adjusted Prediction - Reported Crimes. Note: Standard 
errors clustered at district level. The prediction margins are shown at 95% 
confidence interval. 

I. Ullah and S. Hussain                                                                                                                                                                                                                        



Land Use Policy 134 (2023) 106917

10

land records has multiple effects, including reducing the time and cost of 
land transactions, expediting dispute resolution, and decreasing the 
number of disputes over time. A transparent and efficient land man-
agement system can contribute to better resolution of land-related dis-
putes and thereby foster economic development. However, the 
development of an e-governance system should occur in phases and be 
accompanied by continuous monitoring and evaluation. The shortage of 
experienced and skilled personnel in the e-governing system can un-
dermine the program’s success. Without a competent workforce, the 
electronic land management system cannot deliver satisfactory services 
to the general public. 

The establishment of ADR aimed to expedite the judicial process for 
prolonged cases involving multiple parties in provincial courts. How-
ever, while civil and land-related conflicts are predominant, ADR is not 
directly integrated with PLRMIS data, and its effectiveness depends on 
the parties’ willingness to opt for ADR decisions. Integrating ADR data 
with PLRMIS, especially for land-related disputes, can be highly bene-
ficial. Despite our efforts to assess the impact of PLRMIS on dispute 
resolution in Punjab, given the substantial project cost, further research 
might benefit from conducting a cost-benefit analysis of this program. 
Additionally, incorporating data from civil courts’ cases in future studies 
could enhance the understanding of the overall dispute resolution 
landscape. Moreover, exploring how the government can utilize PLRMIS 
in crucial land use planning and policy-making decisions is highly rec-
ommended. Other relevant aspects, such as tax revenue generation and 
the quality of records in PLRMIS, should also be taken into consideration 
for comprehensive analysis. 

7. Conclusion 

In this study, we examined the impact of early access to the Punjab 
Land Records Management and Information System (PLRMIS) on civil 
dispute references submitted to ADR centres and dispute resolution 
outcomes in Punjab province, Pakistan. Our findings provide evidence of 
the positive effects of the program on the number of disputes registered 
and the success of dispute resolution. The mean-difference analysis 
revealed significant differences between early treated and late treated 
districts in terms of total disputes cases, land-related disputes, criminal 
disputes, and family-related disputes. Districts in the early treated re-
gion experienced, on average, 47 cases more than the comparison group. 
By utilizing a two-stage least square technique to offer a more causal 
interpretation, we further demonstrated the significant role of PLRMIS 
in facilitating successful ADR mediation, indicating increased public 
utilization of the system. On average, districts in the early digitized re-
gion were likely to have 50 more successful cases than districts in the 
late treated group. Additionally, the coefficient of early access to 
PLRMIS for the number of failed cases showed a negative correlation, 
indicating a favorable impact on the ADR process. These findings remain 
robust even after controlling for covariates, entity-specific variation, 
and time trends. 

Complementing our quantitative evidence, interviews with key in-
formants in the field were conducted in five districts of Punjab province, 
providing further support to our analysis. The interviews revealed sig-
nificant variation in the level of usage and understanding of PLRMIS 
among citizens, as well as the extent to which clients were served by the 
system. Notably, a majority of individuals involved in land-related 
transactions and conflicts opted for the PLRMIS online facilities in 
each tehsil of the districts. Moreover, findings from the field visit to the 
ADR centres highlighted areas requiring attention from government 
officials to ensure the sustainable utilization of this flagship program in 
Punjab. These areas encompassed infrastructure maintenance and 
development, the litigation process, interoperability of PLRMIS, cost 
structure, e-literacy among the public, job security for PLRMIS em-
ployees, and addressing issues of misuse of authority and other technical 
matters. 

The introduction of PLRMIS in Punjab province exemplifies the 

transformation of governance mechanisms to enhance productivity and 
reduce conflicts associated with conventional record administration. 
Our results offer strong evidence that the PLRMIS program has signifi-
cantly and positively impacted ADR disputes and dispute resolution 
outcomes in Punjab province. The implementation of the program led to 
a higher number of disputes being registered and a greater success rate 
in mediation cases. These findings underscore the efficacy of digitization 
and e-governance systems, such as PLRMIS, in improving land admin-
istration, reducing information asymmetry, and enhancing dispute res-
olution processes. 
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