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Abstract 

This paper debates specific issues of non-compliance, and their effect on validity, in the 

randomized field experiment “Taxis and Contracts” undertaken in Cape Town 2011. The two 

methodological approaches suggested are Intention-to-treat analysis and Per-protocol 

analysis. The value of the methods are evaluated depending on the design of the experiment. 

Furthermore, choice of method will carry different implications for the validity of the research 

with regard to non-compliance. The only internally valid estimate for “Taxis and Contracts” 

was the intention-to-treat estimate, which could potentially be relevant to policymakers in 

Cape Town. However, only replication studies can prove if the estimates are generalizable to 

other populations. 

 
Keywords: Non-Compliance, Validity, Randomized Field Experiment, Cape Town Metered 

Taxi Industry 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	   2	  

Table of Contents 

1.0 - INTRODUCTION 3 

2.0 – PARTIAL COMPLIANCE IN RANDOMIZED EXPERIMENTS  4 - 12 

2.1 - CAUSAL EFFECTS AND RANDOMIZATION 4 - 7 
2.2 - PARTIAL COMPLIANCE AND THE INDUCEMENT VARIABLE Z 7 - 9 
2.3 - INTENTION-TO-TREAT- AND PER-PROTOCOL ANALYIS 9 - 11 
2.4 – IMPLICATIONS OF NON-COMPLIANCE FOR INTERNAL AND EXTERNAL VALIDITY 11 - 12 

3.0 - EXPERIMENT DESIGN OF ”TAXIS AND CONTRACTS” 12 - 21 

3.1 - APPLICATION OF THE FIELD EXPERIMENT ”TAXIS AND CONTRACTS”  
AND A FEW TECHNICALITIES 12 - 13 
3.2 – BACKGROUND ON THE METERED TAXI INDUSTRY IN CAPE TOWN 13 
3.3 – DESIRED TREATMENTS 14 - 15 
3.4 – DEFINING THE MODEL 15 - 16 
3.5 – INSTRUMENT OF INDUCEMENT, Z 16 - 20 
3.6 – POPULATION AND SAMPLE 20 - 21 
3.7 – GATHERING MATERIAL 21 

4.0 - NON-COMPLIANCE IN ”TAXIS AND CONTRACTS” 21 - 26 

4.1 – A GENERAL ACCOUNT OF THE PARTIAL COMPLIANCE 21 - 23 
4.2 – NON-COMPLIANCE RELATED TO SUBJECT’S CLAIM OF ABSENCE OF TAXIMETER IN THE VEHICLE – 
DIVISION 1  23 - 24 
4.3 – NON-COMPLIANCE DUE TO ASSISTANT INTERFERENCE – DIVISION 2 25 
4.4 –  NON-COMPLIANCE RESULTING FROM INCORRECT END DESTINATION – DIVISION 3 25 
4.5 – NON-COMPLIANCE DUE TO REDIRECTION TO NEW SUBJECT  - DIVISION 4 26 

5.0 - INTENTION-TO-TREAT AND PER-PROTOCOL ANALYSIS  

5.1 – ESTIMATES FROM INTENTION-TO-TREAT AND PER-PROTOCOL ANALYSIS 26 - 29 
5.2 – PER-PROTOCOL ANALYSIS 29 - 30 
5.3 – INTENTION-TO-TREAT ANALYSIS 30 - 32 
5.4 – WHICH METHOD SHOULD BE PREFERRED? 32 - 33 

6.0 – CONCLUSION 33 - 34 

7.0 - REFERENCES 35 

7.1 – ARTICLES  35 
7.2 – INTERVIEWS  35 
7.3 – POLICY DOCUMENTS AND LAWS 35 

8.0 - APPENDIXES 36 - 50 

8.1 – APPENDIX 1 36 -39 
8.2 – APPENDIX 2 40 
8.3 – APPENDIX 3 40 - 45 
8.4 – APPENDIX 4 46 - 49 
8.5 – APPENDIX 5 49 
8.6 – APPENDIX 6 50 
	  
 

 



Johan Arntyr 
Bachelor Thesis in Economics, Uppsala University  

 3 

1.0 - Introduction  
During the period of 26th of February till 27th of April 2011 research assistant Johan Arntyr of 

Uppsala University compiled research material through the randomized field experiment 

“Taxis and Contracts” in Cape Town, South Africa. A total of 196 taxi-rides were undertaken, 

15 variables per journey were recorded and about 1300 kilometers of South African tarmac 

was covered. The field experiment’s objective was to gather material on how specific 

contractual agreements in the metered taxi industry influenced the efficiency with which the 

taxi service was delivered. 

 

Like most experiments “Taxis and Contracts” suffered to a certain extent of partial 

compliance i.e. that not all subjects in the experiment adhered to the assigned treatment. This 

poses a challenge in the ex-post analysis of the material as the methodology for evaluating 

non-compliance in field experiments is still under development and no broad consensus has 

been agreed upon in the field of economics. The two most popular methods of analysis are the 

Intention-To-Treat analysis (ITT) and Per-Protocol analysis (PP). These two methods 

estimate the causal effect of the treatments on subjects according to treatments assigned, and 

treatments received, respectively. The results from the methods can differ substantially 

depending on how large the fraction of non-compliance is, and how it is distributed across the 

randomized observations.  

 

This paper finds its relevance in using “Taxis and Contracts” as a case study highlighting 

issues of non-compliance and validity. It will debate whether ITT or PP is the most 

appropriate method of analysis for the non-compliance in the field experiment considering 

issues of validity as well as its general purpose.  

 

Following the introduction of the paper an account outlining randomization as the foundation 

for causal inference in experiments will be given. Then a debate concerning experimental 

design and the intrinsically linked internal and external validity follows. Subsequently the 

field experiment “Taxis and Contracts” will be described in detail to be able to evaluate the 

presence of non-compliance in the experiment. Finally, the paper will conclude with an 

evaluation upon which method of analysis should be considered the most appropriate for the 

purpose of “Taxis and Contracts”. 
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2.0 – Theoretical Framework 
2.1 – Causal Effects and Randomization 

 

This section aims to clarify the theoretical aspects that are decisive in constructing a 

randomized, and internally valid, experiment that can result in correct measurement of causal 

effects.  

 

The concept of causality addresses the basic relationship between cause and effect. However, 

it is first when linked with randomization of treatments in experiments that it becomes 

relevant for this paper. Holland (1986) presents, in Rubin’s model for causal inference, a 

theoretical framework in which the effects of causes can be measured as a result of 

randomized experiments. This framework will henceforth be presented. 

 

The model for causational inference is based on a model that relates variables over a specified 

population, and is reliant on the concepts of the population, the unit, the variable and the 

treatment. The sample, N, should be drawn from the population, U. The sample itself is 

constituted of units, u, and “are the objects of study on which (…) treatments may 

act”(Holland, p. 946). The variable is defined as “a real-value function that is defined on 

every unit in U” (Holland p. 945). All variables can take a minimum of two values. The 

response variable will be denominated Y, and is the instrument that is used to measure the 

causal effect of the treatments on the subjects. Lastly, the treatment is in effect any multitude 

of variables that can be manipulated by the experimenter through some procedure, and 

consequently be measured in the response variable, Y.   

 

Suppose that a researcher is interested in measuring the impact of sugar rich candy on the 

activity level of children in a class. Let us call  the activity level that would be measured 

in a class after children have been given sugar rich candy, and  the activity level measured 

in the same class when given a sugarless candy. Here the T identifies that the children have 

been given the sugar rich candy and C identifies that the children have been given sugarless 

candy. To estimate the impact of the sugar rich candy compared to sugarless candy some 

outcome variable, Y, will have to be measured and compared in the treatment- and control-

group. Y, could for example be the sound level in the room where the children are gathered 

after having received the candy. For simplicity of display only two treatments have been 
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identified in our model. However, keep in mind that it is possible to introduce multiple 

treatments in an experiment. In formalizing the above stated effect of treatment T compared to 

the control group C, measured in Y, we will get the causal difference as a result of: 

  

        (1) 

 

However, observing both effects simultaneously, in the same class, carries the implication of 

a counterfactual experiment, and is ultimately impossible. This is clarified through the 

Fundamental Problem of Causal Inference: 

 

It is impossible to observe the value of  and  on the same unit 

and, therefore, it is impossible to observe the effect of T on u.(Holland, p. 947) 

 

Fortunately Holland does not leave us with the notion that causal inference is impossible all 

together. He suggests a statistical solution through experiments that allows for causal 

inference. The idea is that the average causal effect, D, of T (relative to C) over U is the 

expected value of the difference  over the u’s in U (Holland, p.947); that is 

 

   (2) 

 

The essential conclusion to be drawn from equation (2) is that the impossible observation of 

the causal effect of a treatment on individual units can be replaced by the “average causal 

effect of D over a population of units”(Holland, p. 947).   

 

To see how randomization comes into play in experiments it is important to recognize the 

clear distinction between the real average of the measured outcome variable in U, and the 

measured average of the outcome variable in the sample, N.  is the average value of 

 over all u in U, where  is the average value of  over those units who 

were picked for the sample, N (Holland, p. 948). To clarify the difference it may be useful to 

look at an example. The values measured on the outcome variable in a sample where the 

treatments have not been randomly assigned to the units, are likely to be exceedingly high or 

low relative to the rest of the population. This is because the treatments are probably not 

evenly spread over the sample, and thus misrepresentative to the population. Such bias would 
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render the measured estimates invalid. For the sample to be representative of the population it 

is paramount that the assignment of treatments to the units are completely randomized, and 

independent of all other variables. It is only when this is correctly done that the sample will be 

representative of the population, and causal inference can be drawn. 

 

This concept is summarized in the assumption of independence which stipulates that “the 

determination of which treatment (…) u is exposed to is regarded as statistically independent 

of all” (Holland, p. 948) exogenous and endogenous variables in the experiment. The 

researcher has to make sure that there is no breach of this condition as the whole panacea of 

causation depends on this. The importance of adhering to the principle stems from the risk of 

biasing the material when certain variables influence the process of allocating treatments. An 

example would be the evaluation of a new medical treatment where only healthy patients are 

assigned to the treatment and the sick patients are assigned to the control group. This 

distribution of treatments would obviously bias the results showing an overestimation of the 

effect of the medical treatment. However, if the assumption of independence holds and the 

treatments have been randomly assigned to the units, the true average causal effect, D, will be 

represented by equation (3) below: 

 

  (3) 

 

Lastly, it is important to remember that D is the average values of the difference in the 

response variable in the sample. If the scientist is interested in the value of the response 

variable for a single unit, , the average will be of no interest, no matter how carefully it has 

been estimated. The average is of interest “because it shows what will happen to outcome 

measures after an input is exogenously provided and [units] re-optimize” (Duflo et al., p. 9). 

In other words, the intervention allows the researcher to make assumptions from the research 

that is useful in understanding the overall effect of the treatment on the population. If the 

researcher wants to explain what causes the measured effect s/he has to “specify the model 

that links various inputs to the outcomes of interest and collect data on these intermediate 

inputs” (Duflo et al., p. 9). Both types of experiments are possible, and extremely valuable, in 

their own sense. However, these experiment designs differ quite a bit and we will return to 

this issue later. 
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When the causal effect, D, has been measured through an experiment a useful framework of 

analyzing and testing the strength of the causal relationship is the Ordinary Least Squares-

Regression (OLS).  

 

   (4) 

 

In equation (4)  is the response variable measuring the average causal effect,  does not 

usually have an interpretative value,  equals D in equation (3) and represents the additional 

value on the response variable that comes as a result of difference in treatments, and  

represents the error term that is not explained by the model. This method will later be applied 

to estimate the causal effect in the response variable for the field experiment “Taxis and 

Contracts”. 

 

We conclude that “when randomized evaluation is correctly designed and implemented it 

provides an unbiased estimate of the impact” (Duflo et al., p. 8) of the treatment in the sample 

as the randomization “balances the distribution of confounding factors across groups on 

average” (Little and Yau, p. 147). We can with Rubin’s framework, in effect, measure the 

average causal effect of a treatment. 

 

2.2 - Partial Compliance and the Inducement Variable Z 

	  
Non-compliance can be defined as when subjects of an experiment deviate from the assigned 

treatment in some fashion. When there is partial compliance in an experiment, questions like: 

what caused the limited compliance, as well as what implications it has for the validity, need 

to be answered. This section of the paper aims to formalize the concept of non-compliance 

and expand on these questions.  

 

First of all we must make it clear that most field experiments struggle with some degree of 

non-compliance. Subjects who are induced to receive a specific randomized treatment usually 

differ in some proportion from those who actually receive the treatment. “More generally (…) 

the randomization [process of treatments] only affects the probability that the individuals are 

exposed to the treatment, rather than [being subjected to] the treatment itself” (Duflo et al., p. 

49). Duflo et al. (2007) presents a framework to formalize the concept of limited compliance 

“in cases where the actual treatment is distinct from the variable that is randomly 
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manipulated” (Duflo et al., p. 50) to induce the treatment. In this framework the inducement 

variable, Z, is differentiated from the desired treatment, T. Z, which will be randomly 

assigned, can be a multitude of variables that are manipulated by the experimenter aiming at 

influencing the unit of the experiment to undergo the desired treatment, T. An example 

illustrating the workings of an inducement variable can be a doctor prescribing a drug to a 

patient. The manipulated inducement variable, Z, is the doctor encouraging the patient to take 

the drug, and the patient actually taking the drug is the desired treatment, T.  

 

Generally, partial compliance can be a result of either the subjects’ preferences, or inability, 

to undergo the desired treatment, or it can be a result of the limitations of the researcher to 

implement the assigned treatment. 

 

The measured estimate in an individual in absence of inducement, Z = 0, is denoted . 

And the measured estimate for an individual in presence of inducement, Z = 1, is denoted 

. Due to the randomly assigned inducement variables “we know that 

 

   (5) 

 

is equal to zero, and that the difference  

 

   (6) 

 

is equal to the causal effect of Z. However, this is not equal to the effect of the treatment, T, 

since Z is not equal to T” (Duflo et al., p. 50). “The causal effect of treatment assignment 

rather than the effect of the treatment for participants who actually receive it” (Little and Yau, 

p. 147) is denominated the intention to treat estimate and is the causal effect of having 

administered the instrument of inducement, Z, to the subjects of the treatment group.  

 

The assumption of independence, mentioned above, is highly relevant for the analysis of non-

compliance. If partial compliance ”is correlated with the treatment being evaluated [this] may 

bias estimates” (Duflo et al., p. 58). In other words, if the units’ partial compliance to 

treatments is non-random this will most definitely skew the measured causal effect in the 
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sample. When analyzing the non-compliance in an experiment any suspicion of such 

correlation must be accounted for. 

 

Imbens and Rubin’s (1997b) provide a clear framework for differentiating between the 

various subjects of the experiment with respect to their compliance or non-compliance. 

“Compliers do what they are assigned to do, always-takers always take the new treatment 

regardless of assignment, never-takers never take the new treatment regardless of assignment, 

and defiers do the opposite of what they are assigned“ (Little and Yau, p. 148). This 

framework will come in handy when analyzing the non-compliance in “Taxis and Contracts”. 

 

Lastly, the Hawthorne Effect, “generally defined as the problem in field experiments that 

[units’] knowledge that they are in an experiment modifies their behavior from what it would 

have been without the knowledge” (Adair 1984, p. 334), may have an impact on the non-

compliance in the experiment. If the Hawthorne Effect affects the way the units of the 

experiment comply to their treatments this will possibly bias the estimates and render the 

experiment invalid.   

   

2.3 - Intention-to-treat- and Per-Protocol Analysis 

 

Intention-to-treat analysis (ITT) and Per-Protocol analysis (PP) are two methods of analyzing 

the non-compliance in an experiment that will lead to different estimates of the causal effect. 

The rationale for both frameworks follows.  

 

ITT concludes in an estimate of causal inference looking at “the distribution of outcomes 

between treatments as randomized, ignoring … lapses in compliance” (Little and Yau, p. 

147). All units initially assigned to a randomized treatment will be included in the ex-post 

analysis of the material independently of their compliance to treatment. This way the 

researcher does not have to worry that an exclusion of non-compliers from the material will 

bias the material. This pragmatic analysis is often considered appropriate in supporting policy 

recommendations, as it will assess the effect of assignment to treatment and evaluate the 

overall effect of an experimental invention. It answers the question on whether the 

intervention works towards a desired result in general, and if it works under “real life” 

conditions.  
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However, ITT is considered a conservative method as it often produces a lower bound 

estimate of the causal effect in the material. Critics claim that ITT is too cautious and 

susceptible to type II error (Fergusson et al., p. 652), i.e. failing to reject  when  is 

correct. This will especially be a problem when the measured causal effect is marginal, and 

right at the borders of being accepted as statistically significant. 

 

An example of an intervention where ITT was useful is the Primary School Deworming 

Project conducted in Kenya (Miguel and Kremer 2004). By distributing medical treatments 

and other prevention techniques for intestinal worms, researchers tried to determine the 

effectiveness of an array of interventions in 75 primary schools in Kenya over a time span of 

four years. The units studied were schoolchildren, and the outcomes were measured in general 

health status and attained grades. If the policymakers were “interested in the cost 

effectiveness of the … school based deworming treatment … any estimate of the 

effectiveness of the program [would have] to take into account the fact that not all children 

[would] be present at school on the day of treatment” (Duflo et alt. p.51). Therefore the 

intention-to-treat estimate gives a good idea of the overall effect of the intervention 

independently of the attendance of pupils at the schools on the days of the interventions. 

 

Per-Protocol analysis (PP) on the other hand analyzes “participants according to the 

treatments actually received”(Little and Yau, p. 148). PP is commonly applied when the 

researcher wants to look at what causes the effect that has been studied, or when solely the 

causal effect on the subjects treated is interesting. The analysis often presents an upper-bound 

estimate of the intervention in comparison to ITT as it only includes individuals whom 

adhered to their assigned treatments. The most protruding challenge with PP is that the 

exclusions of non-compliers in the ex-post analysis risks violating the unbiased comparison 

afforded by the original randomization of the units (Altman 1991). Furthermore, the results of 

a PP do not implicate the total effects of the intervention, and researchers should be careful in 

giving policy recommendations based on per-protocol estimates. However, PP can be useful 

when “the evaluation is not designed to be scaled up as a policy but rather to understand the 

impact of a treatment that could potentially be delivered in many other ways” (Duflo et al., p. 

51).  

 

A relevant example where PP is applicable would be the research conducted by the Poverty 

Action Lab, Harvard, on “Iron Deficiency Anemia and School Participation” (Bobonis et al.).  
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The researchers want to focus their research on whether a greater iron intake actually 

influences school participation. Thus it is only interesting to study those children whom 

actually received the iron supplementation and measure the effect in them (Duflo et al., p. 51). 

This is exactly what a PP will do and it is therefore appropriate here. If the researchers were 

to use the ITT estimates the focus would shift onto the total effect of the inducement 

instrument, Z, on school participation i.e. the effect of the specific way in which the iron was 

distributed on children’s school participation. This would not be of interest as it is not the way 

that the children consumes the iron that is interesting, it is rather the effect of the total intake 

of iron. Another reason why the intention-to-treat estimate is not of exceeding interest is that 

iron can be included in a child’s diet in a multitude of ways. It would not make sense to scale 

up an expensive distribution of iron to children when there are other more financially viable 

options of scaling up the consumption. 

  

Lastly, as ITT “estimates the causal effect of treatment assigned … [and PP measures the 

effect of] … the treatment for participants who actually received it” (Little and Yau, p. 148) 

both estimates are useful to present at the end of a survey. It allows for the reader to decide 

upon which estimate is the most useful for the specific design and purpose of the experiment. 

 

2.4 - Implications of Non-Compliance for Internal and External Validity 

 

The former discussion of the paper has centered on “whether we can conclude that the 

measured impact is indeed caused by the intervention in the sample” (Duflo et al., p. 66). This 

is in essence a discussion addressing the internal validity of an experiment. When analyzing 

the consequences of non-compliance on the internal validity of the experiment three factors 

should be shed careful attention;  

1) When the fraction of non-compliers in the material is so great that there are too few 

compliers to observe a statistically significant result, 

2) When there is non-random non-compliance present in the material, and  

3) When different rates of compliance is present in the various treatment groups in the 

experiment. (Chen and Rossi, p. 98) 

 

If these factors are present in the experiment the researcher has to conduct a careful ex-post 

analysis. If all of the threats are present the only sensible estimate will usually be the 
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intention-to-treat estimate as it is generally a conservative estimate, and it eliminates all of the 

abovementioned challenges. 

 

If internally valid estimates have been established the external validity of the experiment 

needs to be debated. External validity concerns itself with “whether the impact we measure 

would carry over to other samples or populations. In other words, whether the results are 

generalizable and replicable” (Duflo et al., p. 66). Duflo et al. (2007) raise three questions that 

may affect the possibility of generalization and replication of an internally valid experiment: 

 

1) How narrowly defined are the treatments, and what implications does the specificity 

carry for replication of the experiment? 

2) Will other samples from other populations respond in a similar way to the same 

treatments? 

3) Given a valid internal result can we compare it to other results from similar 

experiments?  

 

These considerations have to be made on a case-to-case basis as the purposes of experiments 

and field studies vary. 

 

3.0 - Experiment Design of “Taxis and Contracts” 
3.1 – Application of the Field Experiment “Taxis and Contracts” and a Few 

Technicalities 

 

Firstly, the gathered material in “Taxis and Contracts” will serve a two-pronged purpose. 

Ph.D Niklas Bengtsson of Uppsala University, the owner of the material, will use the field 

experiment to elaborate on a specific field of economics that will be disclosed upon the 

publishing of his paper. This will limit the extent to which the research material can be 

disclosed at present time. However, the data crucial for highlighting non-compliance in the 

experiment can uncompromisingly be disclosed.  

 

Secondly, for the purpose of unity in language throughout the paper the taxi-drivers that 

partook in the experiment will henceforth be called the subjects of the experiment, and the 

research assistant whom undertook the negotiations and travels with the taxis will be referred 

to as the assistant. 
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Thirdly, the study was divided into a pilot and a main study. The pilot constituted 20 

journeys, and was mainly used to investigate the feasibility of the treatments in the relevant 

population, and to investigate what distances would be appropriate for the experiment. From 

hereon the paper will only address the 176 journeys that were actually conducted for the main 

experiment that followed the pilot. It is the non-compliance in this material that will be used 

for the ITT and PP, and the focus will be kept on these instances of randomized treatments. 

 

The following segments of the paper will deconstruct the various components of experiment 

design, and locate possible sources of non-compliance. 

 

3.2 – Background on the Metered Taxi Industry in Cape Town 

 

Cape Town’s taxi industry was specifically chosen as it is laxly regulated and has an 

oversupply of taxi-services. The most recent survey from the Department of Transport and 

Public Works in Western Cape, quotes that over 50 percent of the taxis operating in Cape 

Town do so without an authorized license (Operating Licensing Strategy 2007). This in 

combination with a non-unionized metered taxi industry leaves the market practically self-

regulated (Reggie Springleer, Head of Public Transport Regulations & Survey). The 

exemption of official regulation and enforcement strengthens the case that the taxi-drivers 

have the opportunity of following their own preferences when choosing how they react to 

different contractual agreements.  

 

Low entry barriers into the industry in combination with the economic disparities of the city 

were the driving engines for the excess supply of taxi services. As the enforcement of 

regulation is very slack many unauthorized drivers enter the market with the simple means of 

a car and a yellow sign reading “taxi”. The risk of being fined by the authorities is considered 

worth taking, as there are few other available job-opportunities. The buyer’s market created 

leverage in the negotiations on the behalf of the assistant, and the subjects were not likely to 

refuse the opportunity of serving a customer. They were keen on getting the business. The 

oversupply of taxis in Cape Town thus minimized the risk of accumulating non-compliance as 

a result of subjects rejecting the assigned form of payment. 
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3.3 – Desired Treatments 

 

When engaging a taxi in Cape Town the consumer has by law two possibilities of paying the 

fare to reach the desired destination (Government Gazette). Either s/he allows the taximeter to 

determine the fare payable or s/he demands a fixed price for the destination in advance of 

starting the journey. The two methods of payment for the service rendered can arguably be 

considered analogous to an indefinite contract and a fixed contract respectively. The specific 

legal circumstances in Cape Town allowed for the replication of contractual agreements 

hundreds of times in metered taxis, and set out a good starting point for the experiment. 

 

The original experiment differentiated between four main treatments. However, there were 

two main priors dividing the four treatments into two groups. Group 1, including treatment 1 

and 2, had the prior of always using taximeter to determine the fare payable, and Group 2, 

including treatment 3 and 4, had the prior of always using a fixed price to determine the fare 

payable. For the purpose of this paper the non-compliance in “Taxis and Contracts” in group 

1 will be compared to the non-compliance in group 2 when performing the ITT and PP. The 

groups and their subdivisions of treatments are illustrated by diagram 1 below. 

 

Main Groups of Treatments 

 
      Diagram 1 

 

The grouping of non-compliance into two main groups may seem a bit peculiar at first glance 

and require further explanation. Firstly, Treatment 1 was mainly designed as a control group. 

How could it be merged together with Treatment 2 into group 1? By habit most taxi-drivers in 

Cape Town used the taximeter as a way of determining the fare payable. Therefore it was not 

unreasonable to merge these two treatments into one group, and consequently account for the 

non-compliance. Secondly, a technicality allowing for the unification of treatments into two 
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main groups is that every route covered in the experiment had an equal distribution of the 

priors taximeter and fixed price (group 1 and 2). This enabled the merger of treatments into 

groups without biasing the material by disturbance of the distribution of randomized 

treatments. Thirdly, when grouping the instances of non-compliance according to the priors 

the core issues regarding ITT and PP can be addressed without going into too many technical 

considerations concerning the subgroups of all treatments. 

 

3.4 – Defining the Model 

 

The ITT and PP for “Taxis and Contracts” will measure the average causal effect with regard 

to the response variable distance covered to reach destination, Y. The concept of efficiency 

obviously has many dimensions with regard to a service delivered in a metered taxi. However, 

for the purpose of this paper economic efficiency will be defined as the distance covered from 

the hypothetical destination A to destination B. If the driver chooses the shortest possible 

route to reach the destination this will be considered the most efficient outcome. This can be 

compared to a less efficient outcome when the driver chooses a longer route than possible to 

reach the desired destination.  

 

The model for the measured difference between group 1 and group 2 bases itself on equation 

(3), and is defined as follows in equation (7): 

 

  (7) 

 

where D is the average causal difference between group 1 and 2 measured on distance driven, 

 is the average length driven by subjects when price was determined by 

taximeters, and   is the average length driven by subjects when the fare 

payable is determined by a fixed price.    

 

In accordance with the earlier OLS-regression framework the models that will be used to 

estimate the strength of the average causal effect, D, are: 

 

   (8) 
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and 

 

  (9) 

 

where, for both models,  is the response variable measuring average distance driven to reach 

the destination,  represents the additional average distance covered to reach destination 

when using taximeter (group1) compared to using fixed price (group 2) i.e. D in equation (7), 

and  represents the error term not explained by the model.  

 

Model (8) and model (9) are identical with the exception of the dummies, 

, used in model (9). They will subsequently be accounted for. The 176 

instances of randomized treatments were distributed over 47 fixed routes. A fixed route is 

defined as a journey travelled from destination A to destination B, or the other way around. 

Each route, with all journeys travelled, has been associated with a single dummy where the 

relevant randomized observations have been clumped together.1 This has been done minimize 

the variance in the material and increase the precision of estimates. What is more there is an 

equal distribution of the main priors, treatment group 1 and 2, in each stratum represented by 

a dummy. This is essential for the ability of each route to contribute to the estimated effect. 

Without both main price mechanism included in each group the researcher would not be able 

to register any difference between the treatments on that specific route.  

 

3.5 - Instrument of Inducement, Z 

 

As mentioned previously many experimenters can only influence the probability that the 

subjects of the experiment actually receive the intended treatment. This was the case for 

“Taxis and Contracts”. The instrument of inducement, Z, that the assistant disposed of was a 

negotiation process in which he tried to persuade the subject to adhere to the assigned 

randomized treatment, T. The following segment of the paper clarifies the negotiation process 

that was standardized for all intended treatments of the experiment, as well as the treatment 

procedure for the various treatments in group 1 and 2.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 For an overview over the groupings organized according to routes please use Appendix 1.   
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1. Z1 – Group 1. Desired treatment is usage of taximeter to determine the fare payable. 

The assistant’s behavior is characterized by passiveness.  

 

Procedure: The assistant steps into the car, gives his destination, and rides along.  

 

The following lines describe the assistant’s conversation that is specific to instrument 

one, Z1: 

a. Assistant says: “Destination X please.” 

b. Any further comments will be polite answers to the cabdriver’s questions under 

certain restrictions. (for restrictions see below) 

c. At the end of the journey assistant asks: “May I have a receipt please?”  

 

2. Z2 – Group 1. Desired treatment is usage of taximeter to determine the fare payable. 

The assistant insists on using the taximeter for determining the fare payable. 

 

Procedure:  The assistant steps into the car, gives his destination and asks the subject 

to use the taximeter to determine the price.  

 

The following lines describe the assistant’s conversation that is specific to instrument 

two, Z2: 

a. Assistant says: “To destination X please, and please run the meter”.  

b. If the taxi driver refuses to use the taximeter the assistant will stay in the car and 

travel to the planned destination anyways. The assistant will record all 

variables as usual. 

c. Any further comments will be polite answers to the cabdriver’s questions under 

certain restrictions. (for restrictions see below) 

d. At the end of the journey assistant asks: “May I have a receipt please?” 

 

3. Z3 – Group 2. Desired treatment is using a fixed price to determine the fare payable. 

The assistant insists on a fixed price for the desired destination.  

 

Procedure: The assistant waits outside the car and asks the subject for a fixed price to 

the desired destination. Once a price has been quoted the assistant accepts and steps 

into the car.  
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The following lines describe the assistant’s conversation that is specific to intrument 

three, Z3: 

a. Assistant says: “Can you give me a fixed price for destination X please?” 

b.  Subject responds with either a fixed price or insists on running the taximeter. 

c. In the former case the assistant goes on to d). In the latter case the assistant 

insists on a fixed price again. If the taxi driver refuses to give a fixed price the 

assistant will get into the car and travel to the planned destination anyways. 

The assistant will record all variables as usual. 

d. Assistant says: “Thank you, that will be fine.” 

e. Any further comments will be polite answers to the cabdriver’s questions under 

certain restrictions (for restrictions see below). 

f. At the end of the journey assistant asks: “May I have a receipt please?” 

 

4. Z4 – Group 2. Desired treatment is using a fixed price to determine the fare payable. 

The assistant insists on a fixed price for the desired destination and subsequently tries 

to negotiate the price.  

 

Procedure: The assistant waits outside the car, gives his destination and asks the 

subject for a fixed price. The subject offers a price. Assistant counters with an offer of 

approximately 75 percent of the quoted price. If the assistant’s quoted price is 

accepted the assistant enters the car. If the assistant’s quoted price is not accepted a 

further bid must be acquired from the subject. Once a bid had been quoted, the 

assistant accepts, enters the car and travels to the desired destination.  

 

The following lines describe the assistant’s conversation specific to instrument four, 

Z4: 

 

a. Assistant: “Can you give me a fixed price for destination X please”? 

b. Subject responds with either a fixed price or insists on running the taximeter. 

c. In the former case the assistant goes on to d). In the latter case the assistant 

insists on a fixed price again. If the taxi driver refuses to give a fixed price the 

assistant will get into the car and travel to the planned destination anyways. 

The assistant will record all variables as usual. 
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d. Assistant replies with a counteroffer of approximately 75 percent to the opening 

offer: “Could you get me there for price X?”  

e. Subject can accept, insist on the old offer, come with a new offer or beg the 

assistant for a price.  

f. The assistant will accept any of the three former scenarios when the subject 

gives an offer. If the subject insists on the assistant to quote a price the 

assistant will persist in asking: “What is your price? 

g. When the subject has quoted a price the assistant will accept. 

h. Any further comments will be polite answers to the cabdriver’s questions under 

certain restrictions (for restrictions see below). 

i. At the end of the journey assistant asks: “May I have a receipt please?”  

 

To avoid variations in the communication between the subjects and the assistant, which could 

potentially bias the material, the research assistant adhered to certain restrictions in his 

communication with the subjects after the procedure of payment had been decided upon. All 

instruments specify a clause where any further comments on behalf of the assistant would “be 

polite answers to the cabdriver’s questions under certain restrictions.” These restrictions were 

in fact that the assistant only could answer two questions: 

 

- If the subject asked: “Where are you from?”; the assistant could only answer: 

“Sweden” and, 

- If the subject asked: “What are you doing here?”; the assistant could only answer: 

“I’m a tourist.” 

 

In response to all other questions the assistant would answer: “English not very good”, and 

shrug his shoulders. The underlying reason for this unity in answers is that subjects were often 

keen on screening the assistant for information. Had the assistant engaged in a lengthy 

conversation with the subject it would almost certainly be confounded with the outcome 

variable of how the driver chose to reach the designated destination. To avoid any possible 

bias the assistant followed the above-mentioned procedure in all instances. 

 

Another characteristic common to all treatments was that the final price of the journey was 

always rounded up to the closest 10 South African Rand (ZAR). If the taximeter reported 83 
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ZAR as the fare payable, the assistant would round up the price paid to 90 ZAR. A diversion 

of this habit could lead to unwanted attention from the subject due to a conceived injustice. 

There was an instance in the pilot where the assistant by mistake gave a small amount of 

change in addition to the fare payable. The subject took great offence and engaged in a 

lengthy monologue on the customs of paying taxi-drivers in Cape Town. In the long run 

subjects’ dismay had the potential of creating difficulties with second encounters, as s/he 

would perhaps want to avoid doing business with the assistant again. This would possibly 

hamper with the assigned treatments, as non-compliance of subjects could be influenced by 

previous encounters. Also, for the purpose of the external validity of the experiment the 

assistant did not want to diverge from the local practice of tipping in the industry. If the 

inducement instrument appeared peculiar to the subjects this would reduce the 

generalizability of the experiment. Lastly, when considering the tremendous economic 

disparities in Cape Town, and the frictions that this led to in everyday life, the assistant found 

it wise to avoid confrontations with subjects as this could ultimately compromise the 

assistant’s security.    

 

3.6 – Population and Sample 

 

In defining a population from which the sample of subjects should be drawn from two 

conditions were defined: 

  

1) Subjects would only be included in the sample if they were driving a car available for 

hire by hailing while roaming in the streets or standing at a rank. 

  

2) All taxis included in the sample would be engaged within a radius of 15 km from 

Mount Nelson Hotel, Cape Town. 

 

Regarding the first condition the lucid reader will wonder why taxis ordered by phone were 

not included in the sample. As a result of the pilot study the research assistant recognized the 

substantial leverage the assistant had in negotiating the assigned treatment when engaging the 

subject directly in the street or at a rank. To minimize the loss of subjects in the experiment 

due to rejection of desired treatment this approach was deemed most sensible. 
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The geographical restriction was chosen as a way of keeping the variation in the response 

variable, distance, tolerable as well as limiting the financial costs of the research.  

 

3.7 - Gathering Material 

 

To record the relevant variables for the experiment the assistant was equipped with a GPS-

receiver in which he recorded time, distance and the driver’s chosen route amongst other 

variables.2 The GPS-receiver was a smart-phone that the assistant held in his hand throughout 

the journey in the vehicle.  

 

A way of influencing subjects to non-compliance through the gathering of variables would be 

through the Hawthorne effect. If the subjects became aware of their participation in a field 

experiment this could have altered their response to the assigned treatments. However, the 

fact that the assistant fiddled a bit with a phone in the vehicle cannot be considered 

extraordinary, and the subjects most probably stayed blind to their participation in the 

experiment. As a result there is no evident reason to suspect a Hawthorne effect in the 

material.  

 

To be able to carry out an ITT, data on all instances of randomization needed to be recorded 

independently of the subject’s compliance to treatment. Instances of loss of data due to 

assistant mismanagement, or other circumstance, will have an adverse effect on the strength 

of the causal effect that can be measured. Such loss of material will be accounted for in the 

next section of the paper. 

 

4.0 – Presence of Non-Compliance in “Taxis and Contracts” 
4.1 – A General Account of the Partial Compliance 

 

To be able analyze the material with an ITT and PP instances of non-compliance need to be 

defined and accounted for in the material.  

 

We need to observe the fact that two observations (obs. 53 and 69) in the material are 

incomplete with regard to recorded distance. These observations are thus rendered useless for 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 An exhaustive overview of the variables recorded by the assistant can be found in appendix 2. 
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the final OLS regression-analysis as the outcome variable is missing. The two omitted 

observations are equally spread over the priors taximeter and fixed price, and represent a 

relatively small loss to the overall sample. Therefore, there should be no worry that these 

observations will skew the material. 

 

In the original experiment only subjects assigned to Treatment 2, in group 1, were considered 

as non-compliant to treatment when lacking a taximeter. In these instances the subjects could 

either be never-takers as a result of actually lacking a taximeter or non-compliers due to their 

own preferences, or other. However, a researcher using PP could potentially want to 

investigate the causal effect of treatments on subjects that had the opportunity of choosing 

between using either a taximeter or a fixed price to determine the fare payable. If this were the 

case all individuals lacking a taximeter, independent of reason, should be classified as non-

compliant as they did not have the option of choosing between price mechanism. This 

specification of non-compliance will be used in this paper for identifying non-compliance in 

“Taxis and Contracts”. The specification has particularly been made to be able to hypothesize 

between possible differences between intention-to-treat and per-protocol estimates. The same 

identification of non-compliance will not necessarily be used for later research conducted on 

“Taxis and Contracts” as the definition of non-compliance is always contingent on the method 

used as well as the purpose of the experiment. 

 

Overall 11 percent of the subjects, 19 out of 174, have been classified as non-compliant to the 

assigned treatments. 13 out of the 19 non-compliers had been assigned to use the taximeter to 

determine the fare payable. As a result there will be an overrepresentation of instances where 

fixed price is the prior in the PP, and this will probably bias the estimates. We will return to 

this later in the analysis. 

 

The 19 observations of non-compliance stem from various reasons and have been organized 

into four main divisions displayed in table 1: 
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Reasons for Non-Compliance in “Taxis and Contracts” 

Division Observation number Number of Observations 
1 Non-compliance due to 
subject’s claim that vehicle is 
lacking a working taximeter 

6, 35, 47, 73, 96, 105, 115, 
125, 138, 162 

10 

2 Non-compliance due to 
interference on the behalf of 
the assistant 

76, 120, 176 3 

3 Non-compliance as a result 
of assistant not being brought 
to the desired destination 

48, 147, 161 3 

4 Non-compliance as a result 
of the assistant being 
directed towards a new 
subject due to the initial 
subject’s preferences, or 
other 

34, 101, 158 3 

Table 13  
 

Worthwhile pointing out is that non-compliance could have been correlated to a specific 

route. However, no such trend was found and no further analysis on this is required. 

 

4.2 - Non-Compliance Related to Subject’s Claim of Absence of Taximeter in Vehicle – 

Division 1 

 

The largest source of partial compliance in the experiment, approximately 50 percent of the 

total non-compliance, stems from the fact that subjects claim to not have working taximeters 

in their vehicles. The challenge in analyzing this non-compliance is that the assistant cannot 

be certain as to why the subject claim to not have a working taximeter in the vehicle. If the 

subject actually physically lacks a working taximeter, and these subjects enter the material at 

random, this non-compliance does not necessarily violate the assumption of independence. 

However, if the subject untruthfully claims to not have a working taximeter to maximize 

his/her profits, the choice of treatment will be correlated to the subjects’ preferences and will 

lead to biased estimates. The problem is that there is no viable way of discriminating between 

the two potential sources of non-compliance.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3   The observation numbers can be matched with the original notes for the specific observation taken by the 
research assistant in appendix 3. Furthermore, the colors marked for each division is matched with Appendix 1 if 
the reader wants to locate what route that has been used.  
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A possibility would be questioning the subject directly after having reached the destination. 

However, the answer that would be given by the subject would not necessarily be truthful, 

and it would also risk revealing the assistant’s purpose of gathering material. If the 

community of taxi-drivers were to know that they were partaking in a field experiment this 

would have the potential risk of bringing a Hawthorne Effect into the experiment possibly 

introducing further non-compliance. Therefore the assistant did not further engage the 

subjects who claimed to not have a taximeter in the vehicle, and registered the variables 

according to the predetermined procedure. 

 

An analysis of the distribution of priors, taximeter vs. fixed price, in the non-compliers in 

division 1 cannot lead to any certain assumptions on why the subjects were non-compliant to 

the assigned treatment. In division 1, 9 out of 10 non-compliers had the prior of using 

taximeter to determine the fare payable. Does this suggest that the subjects in general 

preferred using fixed price to taximeter? Perhaps, however, there are two factors that 

contradict this proposition. Firstly, about 50 percent of the taxis operating in Cape Town do 

so without being officially registered. The fact that so few cars are officially registered, and 

do not carry an official license to operate in the city, implies that there is a large sub-

population of taxi-drivers that lack a working meter in the vehicle. Perhaps the non-compliers 

in division 1 actually lacked a working taximeter in the vehicle.  

 

Secondly, there is potential for assistant bias in the registration of whether a taximeter is 

present or not. When the assistant engaged the subjects with a prior of taximeter for treatment 

the absence of a taximeter would quickly become evident to the assistant. However, when 

having the fixed price as a prior the assistant would have to be more attentive to actually 

register that the driver lacked a working taximeter in the car. The subject seldom turned on 

the meter as a reference point when having decided on a fixed price. This may have skewed 

the observations towards registering absence of taximeters when being supposed to use one to 

determine the fare payable compared to the treatments with a fixed price as a prior. 

Conclusively, not any certain assumptions can be made to why the distribution of non-

compliers in division 1 heavily favors subjects with taximeter as a prior. 
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4.3 - Non-Compliance due to Assistant Interference - Division 2 

 

Three instances of assistant interference led to invalid treatments that deferred from the 

intended treatments. In two instances the assistant interfered with the negotiation process in a 

faulty way, and in one instance the assistant violated the conditions of non-interference 

stipulated by the treatment process.  

 

The two instances of violation of the negotiation process were mistakes on the behalf of the 

research assistant. In one observation the assistant assigned the subject to the wrong 

treatment, and in the other observation the research assistant manipulated the subject in a way 

not stipulated in the experiment design. In essence these faults can be summarized as breaches 

of the negotiation process leading to un-intended treatments. The observations can be 

considered to have arrived at random but nonetheless they are non-compliant with regards to 

the initial randomization of treatments. 

 

The other instance of assistant interference came about as the assistant perceived a threat to 

his own security. The driver fiddled with his cell-phone whilst driving, leading to perceived 

unsafe driving. Consequently, the assistant intervened and asked the driver to focus on the 

driving instead of his cell-phone. This revealed to the subject that the assistant spoke English 

well in addition to being observant to the way the subject was driving. This may have altered 

the way the driver chose to reach the desired destination, and thus the instance should 

arguably be considered as non-compliance.  

 

4.4 - Non-Compliance Resulting from Incorrect End Destination -  Division 3 

 

Three instances of non-compliance stemming from the subject taking the assistant to another 

destination than what had been specified in the beginning of the negotiation process can be 

found in the experiment. The issue of not knowing why the subject was non-compliant to the 

treatment is present, and the argumentation is analogous to division 1. Either the subject did 

not know the way to the end destination, or s/he chose to drive to a different destination due 

to her/his preferences. Independently of what reason the subject chose to drive to a faulty end 

destination these instances are classified as non-compliance in the material because of the 

discordance to assigned treatment. 
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4.5 - Non-Compliance Due to Redirection to New Subject - Division 4  

 

Three instances of non-compliance as a result of the assistant being diverted from the initially 

engaged subject to a new subject can be observed in the experiment. In all of these instances 

the assistant engaged the first subject requesting a fixed price (group 2) to determine the fare 

payable. When the initially engaged subject got this information the subject directed the 

assistant to a new subject whom then took the assistant to the desired destination. This has to 

be considered a direct breach of the assumption of independence and thus qualify as non-

compliance. The explanation for this phenomenon comes from the fact that a lot of taxi-

drivers in Cape Town organized informal queue systems at the locations where they ranked 

for customers. In some instances the drivers then redirected the customers according to what 

price mechanism they wanted to use to determine the fare payable.  

 

A note concerning division 4 is that as there is notable overlapping with division 1. Two 

observations in division 4 include taxi-vehicles where the subject claimed that a taximeter 

was not present in the vehicle. However, for the analytical purpose of being able to shed light 

on the instances of redirection these instances were included in division 4 instead of division 

1. 

 

5.0 – Intention-To-Treat- and Per-Protocol Analysis  
5.1 - Estimates from Intention-To-Treat and Per-Protocol analysis 

 

The next step of analysis is actually carrying out the ITT and PP on the material. As a 

reminder; the intention-to-treat estimate will state the causal effect of the assigned treatment 

to subjects, and the per-protocol-estimate will state the causal effect of treatment on the 

treated subjects. Therefore all subjects being assigned to a treatment will be included in the 

ITT, and only subjects receiving the randomly assigned treatment will be included in the PP. 

Following the previous account of non-compliance in “Taxis and Contracts” 174 subjects are 

included in the ITT, and 155 subjects are included in the PP.  

 

Table 2 below states the average causal effect measured with ITT and PP respectively. The 

four estimates presented include casual effects measured when having controlled for routes 
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taken (model (9)), and without having controlled for routes taken (model (8)). The estimates 

of the average causal effect ( ) are denominated as kilometers driven. 

 

Intention-to-treat and Per-Protocol Estimates 

Method of 

analysis 

ITT PP ITT PP 

Model used Model (8) Model (8) Model (9) Model (9) 

     

Average Causal 

Effect ( )  

0.621* 0.537 0.404** 0.333* 

 (0.330) (0.349) (0.162) (0.168) 

     

Observations 174 155 174 155 

R-squared 0.020 0.015 0.848 0.871 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 24 

 

The only statistically significant result, at a five percent level, comes from the ITT using 

model (9). This intention-to-treat estimate states that drivers on taximeter, on average, use 

about 404 meters longer to reach their destination compared to drivers using a fixed price. 

Considering the mean distance driven on all destinations, 6,5 km, drivers on the meter chose 

on average 6 percent longer routes than drivers using a fixed price to determine the fare 

payable. 

 

Surprisingly the intention-to-treat estimates are showing consistently stronger effects, and 

more precise estimates, compared to their per-protocol counterparts. Note that this is when 

comparing estimates within model (8) and model (9) respectively. There may be three main 

reasons for this: 

 

i. The omission of non-compliers in the PP diminishes the measured 

causal effect due to a smaller sample,   

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 For an exhaustive table of all the dummies please use Appendix 4. 
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ii. The distribution of non-compliers in the overall material is skewed 

towards subjects assigned to group 1 (using taximeters), and this 

weakens the results from a PP compared to ITT, and 

iii. The non-compliers in the experiment respond differently to the 

assigned treatments compared to the compliers.  

 

The smaller sample used for PP may lead to weaker estimates of the causal relationship 

compared to the ITT. When omitting the non-compliers from the material we are left with 155 

observations for the PP compared to 176 observations for the ITT. The omission of 11 percent 

of the observations carries over to the strength of the relationship measured. Furthermore, 

when using model (9) each stratum was balanced with respect to the distribution of priors. 

They were equally distributed over the strata. As a result the exclusions of non-compliers 

from the material could render some strata useless in evaluating the total average causal 

effect. This is because when there is only one prior left in the strata it is impossible to 

measure the difference between the treatments in the group. 7 of the 47 strata were rendered 

useless when omitting the non-compliers from the material using PP. The per-protocol 

estimates, when using model (9), were thus weakened. 

 

13 out of 19 non-compliers belong to group 1 having decided on the fare payable using a 

taximeter. As a consequence there will be 7 more observations belonging to group 2 when 

performing the PP. As taxi-drivers on average chose a shorter route to reach their destinations 

when using a fixed price to determine the fare payable this will further weaken the per-

protocol estimates compared to the intention-to-treat estimates. 

 

To test whether the non-compliers are significantly different from the compliers in the 

experiment a seemingly unrelated estimation has been carried out comparing the intention-to-

treat estimate and per-protocol estimate in model (8). The non-stratified material has been 

used for this test to not include any disturbance possibly created by the loss of certain 

stratification groups after the omission of non-compliers in model (9). The PP-estimate 0,537, 

is not significantly different from the ITT-estimate 0,621 at a five percent significance level.5 

The result hence suggests that the non-compliers of the material are not significantly different 

from the compliers. However, this has to be interpreted carefully as there are only 19 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Please refer to Appendix 6 for the original test.	  
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observations of non-compliance in the material. This may influence the test values as the non-

compliers form a relatively small sub-sample. A difference in the non-compliers from 

compliers may be present but the quantity of non-compliers may be too small to be able to 

observe a statistically significant difference from the test. 

 

In summary the only reliable measured causal effect comes from the ITT when using model 

(9). Furthermore, the surprising result of intention-to-treat estimates being consistently 

stronger than their per-protocol estimates can mainly be attributed to the smaller sample when 

using PP and the unsymmetrical distribution of non-compliers with regard to their priors. 

However, there may still be a risk that the non-compliers actually react differently to the 

assigned treatments compared to the compliers in the experiment. Only the group of non-

compliers may be to small to see this in a test-result. 

   

5.2 - Per-Protocol Analysis 

 

As mentioned earlier PP evaluates the effect of treatment on the subjects treated in the 

experiment. To debate whether PP is an appropriate methodology to analyze the causal effect 

in “Taxis and Contracts” with regard to non-compliance the analysis will have to be closely 

linked with the purpose of the research, and the internal and external validity of the 

experiment. 

 

The purpose of “Taxis and Contracts” was to gather material on how contractual agreements 

influenced the efficiency with which taxi services were delivered in Cape Town. We could 

hypothesize that the researcher was only interested in looking at how contracts in general 

influenced the efficiency between a principal and an agent, and that “Taxis and Contracts” 

was a mere vehicle to do this. In this case the estimated causal effect would not guide a policy 

that would be scaled up and the treatment could be replicated in many other situations. For 

example when hiring a carpenter to execute a job, or in principle any exchange where 

informational asymmetries are present between agent and principle. If this were the design 

and purpose of the experiment a PP could be relevant.  

 

When considering the per-protocol estimates procured for “Taxis and Contracts” some 

considerations on internal and external validity must be made. First of all, the internal validity 

of the per-protocol estimates is questionable. There are no significant estimates, at 95 percent 
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confidence, produced with PP using the current sample. This could have perhaps been 

remedied with a larger sample. Furthermore, we are not absolutely certain that the non-

compliers are random. There may be some linkage between non-compliance to treatment and 

the preferences of the drivers themselves. Both these factors weaken the internal validity of 

the PP.  

 

When looking to the external validity of using per-protocol estimates considerations on 

replication and generalizability have to be made. The treatments of fixed price versus 

indefinite contract for a service rendered are fairly easy to replicable in other settings. This 

strengthens the external validity of the PP. However, the generalizability of the per-protocol 

estimates may be questionable as a result of the specificity of the Cape Town taxi industry. 

The market was characterized by an oversupply of services leading to a buyer’s market. As a 

consequence the assistant’s negotiation leverage was substantial. Furthermore, mostly tourists 

utilized the services of taxi-drivers in Cape Town. Consequently the drivers were likely to 

assume that the customers were not knowledgeable of the quickest route to the destination. 

This asymmetry of information may have served as an incentive for the drivers to cheat the 

customer. The specifics of the taxi industry in Cape Town may make it difficult to generalize 

on the results stated by the PP.  

 

Another dimension of external validity is the comparability of the experiment results to 

similar studies. To the knowledge of the author, no similar experiments have been conducted 

with the same purpose as “Taxis and Contracts”. There are therefore no possibilities of a lack 

of comparison abilities weakening the external validity of “Taxis and Contracts” rendering 

this condition irrelevant. 

 

5.3 - Intention-To-Treat Analysis 

 

The intention-to-treat estimate will be evaluated looking at the purpose of the research as well 

as the internal and external validity of the estimates produced. 

 

Again, the stated purpose of “Taxis and Contracts” was to gather material on how contractual 

agreements influenced the efficiency with which taxi services were delivered in Cape Town. 

If we assume that the researcher wanted to develop an experiment where the results could 

serve as advice for the local Cape Town government the intention-to-treat estimates would be 
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of interest. The intention-to-treat estimate is therefore a relevant result as it includes all the 

subjects whom have been assigned to a treatment, independently of their adherence. The 

estimate could therefore be used as an indication for policy development. 

 

To evaluate whether the results could actually be interesting for policy development we 

would have to stipulate what the potential outcome of the average causal effect could be used 

for. One of the missions of the Department of Public Transport in Cape Town is to regulate all 

public transport. They are assigned to help the supply of transport services meet demand, and 

see to it that customers get the transport services they require in an efficient way (Reggie 

Springler, Head of Public Transport Regulations & Survey). The estimates produced by the 

ITT, model 9, state that taxi-drivers on average drive 6 percent further when on taximeter 

compared to fixed price. As this paper defined the efficiency of the taxi-service as the 

distance driven to reach the destination these results imply that the taxidrivers of the 

experiment deliver their service in a wasteful way. A regulation from the Public Transport 

Authority taking this in-efficiency into consideration may have the opportunity of creating a 

more efficient pricing system with regard to distance covered. This could thus be the way in 

which the average causal effect measured from the invention could carry implications for 

policy development. 

 

When looking at the internal validity of the intention-to-treat estimate it is significant at the 

five percent level. Furthermore, the worry of destroying the rationale of causal inference in 

experiments when excluding non-compliers is no longer present as all individuals are 

included in the analysis according to their randomly assigned treatments.  

 

Comparable to the PP, the intention-to-treat estimate’s external validity is linked to the 

generalizability and possibility of replication of “Taxis and Contracts”. The generalizability of 

the results from the ITT are perhaps questionable due to the specificities of the sample 

mentioned above. The market conditions for taxi-drivers in Cape Town as well as the 

informational asymmetries create a very specific setting for the population from which the 

sample was drawn. The only way to see whether the results are generalizable is through 

replication studies. As the ITT addresses the causal effect of the inducement instrument, Z, it 

is in effect evaluating the causal effect of the assignment of treatments. To be able to replicate 

the experiment using ITT it is therefore essential that the negotiation process is well 
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documented. In the case of “Taxis and Contracts” the negotiation process, Z, has been clearly 

recorded and there should be no great obstacles in replicating the experiment. 

  

5.4 - Which method should be Preferred?  

 

When comparing the results from ITT and PP the intention-to-treat estimate of 404 meters 

difference between group 1 and 2, from model (9), was the only statistically significant result 

measured at a 95 percent confidence level. To even consider the validity of a measured causal 

effect with regard to the non-compliers in the material a premise is that the result being 

evaluated is statistically significant. Therefore the intention-to-treat estimate is the only 

estimate with evaluative value upon which inference can be drawn.  

 

In addition to being statistically significant the intention-to-treat estimate of 404 meters has 

strong internal validity with regard to non-compliers. It bases itself on the initial randomized 

assignment of treatments eliminating the risk of non-compliance compromising the original 

randomization of treatments present in PP. With regard to the external validity the intention-

to-treat estimate should be easy to replicate as the negotiation processes are described in 

detail. The generalizability of the results are contingent on the results produced from 

replication studies. It is first with these in hand that the researcher knows whether the sample 

was too specific to generalize upon. 

 

To evaluate the effect of treatments on treated the ITT is useless. However, if the purpose of 

the experiment is to deliver results upon which policy recommendations can be built upon the 

intention-to-treat estimate is suitable. The estimates provide guidance for policymakers 

suggesting that using a fixed price to determine the fare payable gives a more efficient 

outcome compared to using a taximeter to determine the fare payable with regard to distance 

covered to reach the end destination.  

 

What is more is that the intention-to-treat estimate is more representative of the general 

population compared to the per-protocol estimate. 50 percent of the taxi-drivers in Cape Town 

drive without an operating license. It is plausible to assume that drivers with no operating-

license are more likely to not have a working taximeter in the vehicle than those whom drive 

with an operating license. As mentioned before, subjects without taximeters are not included 

in the PP. Consequently the intention-to-treat estimate is more representative to the entire 
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population of taxi-drives in Cape Town independently of whether they are driving with a 

license or not. This enhances the value of the ITT for creating policy recommendations.   

 

Conclusively this paper proposes the intention-to-treat estimate, from model (9), as the only 

valid and statistically significant result upon which the efficiency of taxi-services in Cape 

Town can be evaluated. Furthermore, the ITT allows for replication studies which can either 

strengthen or falsify the validity of the intention-to-treat estimate. 

 

6.0 - Conclusion 
The purpose of this paper was to evaluate issues of non-compliance and validity in the 

randomized field experiment “Taxis and Contracts”. The aim of the field experiment itself 

was to gather material on how specific contractual agreements in the metered taxi industry in 

Cape Town influenced the efficiency with which the taxi service was delivered. The most 

efficient outcome was, for the purpose of this paper, defined as the shortest possible route 

driven to reach the destination. The difference in efficiency was measured on the outcome 

variable of distance driven, and was contingent on two groups of treatments; 1) those 

determining the fare payable with a taximeter compared to 2) those determining the fare 

payable with a fixed price. The results between the two groups of randomized treatments were 

compared, and an average causal effect of difference between the two groups was established.  

 

The two modes of analyzing the measured causal effect were the Intention-to-treat- (ITT) and 

the Per-Protocol-analysis (PP). ITT is mainly used to evaluate the overall effect of an 

experimental intervention as to where the PP is predominantly used when researchers want to 

know what caused the measured causal effect, or is solely interested in the causal effect on the 

subjects treated. The method of analysis appropriate for the experiment is therefore dependent 

on the purpose of the experiment.  

 

11 percent of the subjects in “Taxis and Contracts” were classified as non-compliant to the 

assigned treatments. When applying both PP and ITT only the ITT furnished a valid and 

statistically significant result. Drivers on taximeters drove on average 404 meters further than 

taxi-drivers having determined the fare payable by fixed price. To even consider the validity 

of a measured average causal effect the estimate should be significant. As a result the per-

protocol estimate can be discarded as useful for the researcher in the case of “Taxis and 

Contracts”. 
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Furthermore, the intention-to-treat estimate could be considered appropriate as guidance for 

policy makers. Taximeters in Cape Town are calibrated so that the distance covered 

corresponds to the price charged. With regard to only to the distance covered the intention-to-

treat estimate implies that the taxi-drivers respond to using a taximeter as the price-deciding 

mechanism in an inefficient way compared to using a fixed price to determine the fare 

payable. This result could carry implications for possible improvements in the regulations of 

the metered taxi-industry. Interestingly, “Rikkis Cabs” in Cape Town offered a market 

solution solving the inefficiency of taxi-drivers choosing a longer route than possible to reach 

the destination when determining the fare payable by taximeter. The company had devised a 

zoning system, readily available to the customer, where the specific price of travelling to a 

desired destination was predetermined. This solved the problem of the taxi-driver 

manipulating the chosen route when on taximeter to maximize profits as the asymmetries of 

information have been substantially narrowed. The recent growth of “Rikkis Cabs” in Cape 

Town could be interpreted as a market signal of the wider inefficiencies present in the Cape 

Town metered taxi-industry. If replication studies were to strengthen the results observed in 

“Taxis and Contracts” a strong incentive for change would lay at the feet of the Transport 

Department of Western Cape.  

 

It must be noted that the result observed through the ITT is specific to this paper, and subject 

to change. The definition of efficiency is narrowly defined only relating to distance covered 

by the taxi-driver to reach the final destination. Therefore the average causal effect should 

only carefully be generalized. Remember that the efficiency with which a taxi-rider takes 

her/his customer to the final destination has many more dimensions than just the distance 

covered to get there. 

 

On a wider note, the author of this paper has recognized the need for a stronger agreement 

amongst economics upon how ex-post analysis of non-compliance should be approached. The 

lack of broad consensus limits the ability of researches to form an empirical body of 

knowledge through meta-studies. The global medicine community should serve as an 

inspiration as they are constantly disseminating and propagating standards for randomized 

controlled trials through the CONSORT statement (www.consort-statement.org). A similar 

statement should be produced for economists working with experimental economics. 
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8.0 - Appendixes 
8.1 - Appendix 1 

 
Database of the Material 
Id treatment compliance documentation distance destination route 

6 1 Limited Complete 4,57 Waterfront Mall 1 
105 1 Limited Complete 3,92 Waterfront Mall 1 
173 3 Full Complete 3,65 Waterfront Mall 1 

77 2 Full Complete 4,84 Mount Nelson Hotel 2 
142 4 Full Complete 4,64 Mount Nelson Hotel 2 

16 4 Full Complete 12,22 
Kirstenbosch Botanical 
Gardens 3 

143 2 Full Complete 11,82 
Kirstenbosch Botanical 
Gardens 3 

52 2 Full Complete 2,74 Mount Nelson Hotel 4 
65 1 Full Complete 2,54 Mount Nelson Hotel 4 

163 3 Full Complete 2,39 Mount Nelson Hotel 4 
17 2 Full Complete 12,7 International CC 5 

144 4 Full Incomplete 11,97 International CC 5 
128 1 Full Complete 3,2 Hotel Ritz 6 
166 3 Full Complete 3,01 Waterfront Mall 6 

5 4 Full Complete 4,13 Train Station 7 
11 3 Full Complete 3,71 Hotel Ritz 7 
62 1 Full Complete 3,97 Train Station 7 
81 3 Full Complete 3,5 Train Station 7 

112 4 Full Complete 3,97 Train Station 7 
151 1 Full Complete 3,82 Train Station 7 

39 3 Full Complete 4,57 Mount Nelson Hotel 8 
123 3 Full Complete 8,81 Mount Nelson Hotel 8 
148 1 Full Complete 5,97 Mount Nelson Hotel 8 

28 1 Full Complete 5,61 Hotel Ritz 9 
147 3 Limited Complete 5,04 Hotel Ritz 9 

49 3 Full Complete 3,48 Hotel Ritz 10 
74 2 Full Complete 3,54 International CC 10 
94 2 Full Complete 4,27 International CC 10 

136 4 Full Complete 3,76 International CC 10 
56 3 Full Complete 2,76 Gardens Centre 11 

134 1 Full Complete 2,84 Gardens Centre 11 
46 3 Full Complete 4,66 Gardens Centre 12 

176 1 Limited Complete 7,19 Waterfront Aquarium 12 
37 2 Full Complete 1,42 Gardens Centre 13 

158 4 Limited Complete 2,34 Gardens Centre 13 
25 2 Full Complete 4,19 Gardens Centre 14 
42 3 Full Complete 4,27 Gardens Centre 14 

175 1 Full Incomplete 8,75 Gardens Centre 14 
38 3 Full Complete 5,09 Hotel Ritz 15 

135 1 Full Complete 5,21 Hotel Ritz 15 
90 1 Full Complete 4,27 Waterfront Mall 16 

109 1 Full Complete 4,66 Four Seasons 16 
119 3 Full Complete 5,39 Four Seasons 16 
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159 3 Full Complete 5,68 Waterfront Mall 16 
80 3 Full Complete 4,95 Hotel Ritz 17 

100 2 Full Complete 5,49 Hotel Ritz 17 
129 4 Full Complete 4,85 Four Seasons 17 
150 1 Full Complete 5,97 Hotel Ritz 17 
118 2 Full Complete 7,44 Waterfront Mall 18 
141 4 Full Complete 7,14 Waterfront Mall 18 
117 3 Full Complete 7,88 Clifton Beach 19 
174 1 Full Complete 9,29 Clifton Beach 19 
122 3 Full Complete 8,43 Clifton Beach 20 
162 1 Limited Complete 8,7 International CC 20 

43 4 Full Complete 7 Clifton Beach 21 
140 2 Full Complete 7,3 Clifton Beach 21 

7 2 Full Complete 9,47 Camps Bay 22 
14 1 Full Complete 9,2 Camps Bay 22 
22 2 Full Complete 8,68 Waterfront Mall 22 
60 2 Full Complete 8,83 Camps Bay 22 
83 1 Full Complete 9,89 Waterfront Mall 22 
91 3 Full Complete 9,32 Camps Bay 22 

108 1 Full Complete 9,67 Waterfront Mall 22 
154 1 Full Complete 9,26 Camps Bay 22 

32 1 Full Complete 9,9 Waterfront Aquarium 23 
76 3 Limited Complete 9,38 Waterfront Aquarium 23 

127 2 Full Complete 10,73 Waterfront Aquarium 23 
167 1 Full Complete 9,44 Camps Bay 23 

10 3 Full Complete 7,08 Train Station 24 
35 1 Limited Complete 7,23 Camps Bay 24 
48 2 Limited Complete 12,77 Train Station 24 
70 4 Full Complete 8,33 Camps Bay 24 
82 3 Full Complete 7,71 Camps Bay 24 
97 2 Full Complete 7,75 Train Station 24 

126 2 Full Complete 12,81 Camps Bay 24 
146 4 Full Complete 7,54 Train Station 24 

15 3 Full Complete 5,54 Mount Nelson Hotel 25 
40 4 Full Complete 5,26 Camps Bay 25 
66 3 Full Complete 5,14 Camps Bay 25 
78 2 Full Complete 5,34 Camps Bay 25 

155 4 Full Complete 5,75 Mount Nelson Hotel 25 
36 1 Full Complete 5,78 Long Street 26 
67 1 Full Complete 6,76 Long Street 26 

102 1 Full Complete 7,7 Long Street 26 
139 3 Full Complete 6,94 Long Street 26 

2 3 Full Complete 10,21 International CC 27 
41 4 Full Complete 7,56 International CC 27 
51 3 Full Complete 10,03 International CC 27 
75 4 Full Complete 7,85 Camps Bay 27 
86 3 Full Complete 7,2 Camps Bay 27 

145 1 Full Complete 8,89 Camps Bay 27 
50 1 Full Complete 5,64 Camps Bay 28 
61 1 Full Complete 6,37 Hotel Ritz 28 
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101 4 Limited Complete 5,63 Camps Bay 28 
165 3 Full Complete 6,77 Hotel Ritz 28 

20 4 Full Complete 6,44 Green Market Sq 29 
71 4 Full Complete 6,52 Green Market Sq 29 
87 2 Full Complete 7,11 Green Market Sq 29 
92 2 Full Complete 6,3 Green Market Sq 29 

131 4 Full Incomplete 7,03 Green Market Sq 29 
8 2 Full Complete 7,93 Gardens Centre 30 

26 2 Full Complete 8,03 Camps Bay 30 
47 2 Limited Complete 7,2 Camps Bay 30 
79 1 Full Complete 7,79 Gardens Centre 30 

168 4 Full Complete 5,89 Gardens Centre 30 
1 2 Full Complete 8,17 Camps Bay 31 
9 1 Full Complete 7,94 Camps Bay 31 

21 2 Full Complete 8,27 Camps Bay 31 
57 4 Full Complete 6,45 Camps Bay 31 

116 4 Full Complete 6,34 Four Seasons 31 
120 2 Limited Complete 6,41 Camps Bay 31 
130 3 Full Complete 6,53 Camps Bay 31 

53 4 Limited Incomplete  Caffe Neo 32 
149 2 Full Complete 6,43 Caffe Neo 32 

54 4 Full Complete 6,02 Cable Station 33 
55 4 Full Complete 5,47 Waterkant Mall 33 

133 2 Full Complete 5,35 Waterkant Mall 33 
13 1 Full Complete 8,29 Waterfront Mall 34 
23 4 Full Complete 8,05 Cable Station 34 
45 2 Full Complete 11,52 Waterfront Mall 34 
69 1 Full Incomplete  Waterfront Mall 34 

106 4 Full Complete 7,38 Cable Station 34 
153 3 Full Complete 7,3 Waterfront Mall 34 

33 1 Full Complete 7,92 Cable Station 35 
59 2 Full Complete 7,68 Waterfront Aquarium 35 
84 4 Full Complete 8,11 Cable Station 35 

160 2 Full Complete 7,63 Cable Station 35 
34 3 Limited Complete 7,94 Train Station 36 
63 3 Full Complete 5,79 Cable Station 36 
98 2 Full Complete 5,67 Cable Station 36 

104 3 Full Complete 6,48 Train Station 36 
113 4 Full Complete 5,75 Cable Station 36 
125 2 Limited Complete 5,85 Train Station 36 
152 4 Full Complete 5,8 Cable Station 36 
124 1 Full Complete 4,36 Cable Station 37 
156 3 Full Complete 3,59 Cable Station 37 

72 3 Full Complete 4,84 Cable Station 38 
88 2 Full Complete 5,09 Cable Station 38 

114 1 Full Complete 5,37 Long Street 38 
157 4 Full Complete 5,24 Long Street 38 

3 2 Full Complete 6,81 Cable Station 39 
18 1 Full Complete 6,79 Cable Station 39 
24 3 Full Complete 6,58 International CC 39 
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64 1 Full Complete 6,3 International CC 39 
85 4 Full Complete 6,25 International CC 39 
95 3 Full Complete 7,26 Cable Station 39 

137 1 Full Complete 6,24 Cable Station 39 
4 4 Full Complete 7,56 Hotel Ritz 40 

12 4 Full Complete 7,88 Cable Station 40 
29 4 Full Complete 7,98 Cable Station 40 
73 1 Limited Complete 8,08 Hotel Ritz 40 

111 1 Full Complete 8,18 Hotel Ritz 40 
170 3 Full Complete 8,03 Cable Station 40 

30 4 Full Incomplete 4,28 Gardens Centre 41 
89 4 Full Complete 4,97 Gardens Centre 41 

171 2 Full Complete 4,57 Gardens Centre 41 
99 1 Full Complete 5,28 Four Seasons 42 

110 3 Full Complete 7,08 Cable Station 42 
172 3 Full Complete 4,93 Cable Station 42 

44 3 Full Complete 4,85 Cable Station 43 
161 1 Limited Complete 8,05 Clifton Beach 43 

19 4 Full Complete 4,33 Camps Bay 44 
58 2 Full Complete 4,66 Cable Station 44 
96 1 Limited Complete 5,94 Camps Bay 44 

107 2 Full Complete 4,3 Camps Bay 44 
121 4 Full Complete 7,8 Cable Station 44 
138 3 Limited Complete 4,31 Camps Bay 44 

93 2 Full Complete 4,58 Hotel Ritz 45 
169 4 Full Complete 5,07 Hotel Ritz 45 

27 3 Full Complete 7,23 Adderley Street 46 
31 1 Full Complete 7,91 Camps Bay 46 

115 1 Limited Complete 6,78 Camps Bay 46 
164 3 Full Complete 6,83 Camps Bay 46 

68 4 Full Complete 6,14 Cable Station 47 
103 4 Full Complete 5,7 Cable Station 47 
132 2 Full Complete 5,48 Cable Station 47 
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8.2 - Appendix 2 
 
Recorded variables include: 
 

1. Start- and end-destination,  
2. Date, and time of departure, 
3. Total time spent in the taxi, 
4. Distance covered by taxi, 
5. Average speed measured in km/h, and 
6. Max speed measured in km/h, 
7. Whether the taxi was engaged at a rank or hailed from the street. A rank being defined 

as a place where several taxi-drivers were waiting in line for customers in an 
organized manner, and hailed from the street being defined as engaging a driver that 
was not in any way associated with an organized queue.  

8. Type of car; whether it was a sedan, a station wagon or a hatchback. The definition 
into which category the car would fall into can be in appendix 5. 

9. Price paid to the driver 
10. Whether a receipt was received 
11. Price quoted on the receipt 
12. Gender of driver; male or female 
13. Whether there is a seatbelt present in the taxi or not 
14. Whether a taximeter is present in the car 
15. Whether the car is connected to a central through a radio in the car 

 
8.3 - Appendix 3 

 
Raw material of notes taken by the assistant for each instance of non-compliance in “Taxis 
and Contracts”. 
 
Drive 6 

Compliance to T1:  Limited compliance. 
 
Documentation;  
incomplete or complete:  Complete. 
 
Anomalies and other:  The taxi driver did not have a taximeter present in 

the vehicle. He even had a taximeter that could be 
taken off when the client stepped into the car. The 
taxi was engaged at an unorthodox location behind 
the taxi-ranks at the station. Shall not do this again. 
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Drive 34 

Compliance to T3:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  When at the stand I stepped into one car and was 

directed to another because of the ordered queue.  
My negotiated price of 70 ZAR was then transferred 
to the other driver with whom I travelled. When 
arriving at the station the driver did not have change 
for a hundred bill, or at least claimed so. This way he 
earned an extra 10 ZAR.  

 
Drive 35  

Compliance to T1:  Limited as driver did not have a working meter. 
Difficult to know since he was placed at an official 
rank for metered taxis. 

 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  I acted according to T1. As I did not mention price 

he suggested 150 ZAR for Camps Bay. I accepted. 
 
Drive 47  

Compliance to T2:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The driver did not have a meter. He was thus not 

compatible with T2 and a part of our sample.  

 The rank system at Gardens Centre does not allow 
for the client of choosing the cab. As this is the 
second time a non-metered cab is found at Gardens 
centre I will have to stop utilizing this spot. May 
work as an end destination as it is close to where I 
live.  
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Drive 48 

Compliance to T2:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  Failed to drive me to the desired destination. The 

driver took me to the Grand Westin instead of Grand 
Central. Driver stressed that I needed to establish 
contact again as soon as possible for any other 
travels. 

Drive 73 

Compliance to T1:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:   Driver did not have taxameter. 
 
Drive 76 

Compliance to T3:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:   I made the mistake of ordinating T1 instead of T3. 

This was the second or third time using the driver. 
Don’t remember where the match was. Have to 
search the material. 

The driver was very happy to serve me “called me a 
good boy” over and over again. Also saying that I 
was good for business. He chose a longer road 
maximizing his profits using the meter. 

When having arrived at the destination the driver 
wanted a price of 150 instead of the 130 that showed 
on the meter. I followed treatment giving him 130 
ZAR. 
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Drive 96 

Compliance to T1:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The taxi driver claimed that the meter was not 

working. 
 

Drive 101 

Compliance to T4:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  There were several drivers at the rank. When I 

bargained for a price I was directed to the driver 
whom was used. Apparently there had been some 
confusion as the driver requested a higher price than 
what had been agreed on.  

 The car also missed a taximeter. 
Drive 105 

Compliance to T1:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The driver’s taximeter was not working properly so he gave me a 
fixed price. 

Drive 115 

Compliance to T1:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:   Meter not working. Got a fixed price instead. 

Drive 120 

Compliance to T2:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  Had to ask the driver to stop playing with his cell-

phone whilst driving. I was worried about my safety. 
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Drive 125 

Compliance to T2:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  Halfway through the meter stopped working. We had to negotiate 
a price at the end of the journey. 

Drive 130  

Compliance to T3: Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  I requested a fixed price and the driver gave me an 

estimation and let the meter run. 
 

Drive 138  

Compliance to T3:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:   No taximeter present in the car. 

 

Drive 147 

Compliance to T3:  Limited. 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The driver brought his brother along for the ride in 

addition to not knowing the destination that I wanted 
to go to. 
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Drive 158 

Compliance to T4:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  When negotiating a price with the driver I was 

redirected from a decent car to a more shabby one. I 
suspect this is a way of having locals in the less 
kitted vehicles as supposed to tourists in the well-
kitted cars. Car also missed taximeter. 

 
Drive 161 

Compliance to T1:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The driver did not know how to get to the destination 

and had to ask me MANY times for help. Drove the 
opposite direction of which we were supposed to go. 

Drive 162 

Compliance to T1:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  Did not have a meter. We had to negotiate a fixed 

price. 

Drive 176  

Compliance to T1:  Limited 
 
Documentation;  
incomplete or complete:  Complete 
 
Anomalies and other:  The driver asked for a fixed price. I insisted on using 

the meter, which he eventually did. 
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8.4 - Appendix 4 
	  
Table of regressions for all models used to get the intention-to-treat and per-protocol 
estimates. 
  

 ITT PP ITT PP 
VARIABLES (model 8) 

 
(model 8) 

 
(model 9) (model 9) 

     
Beta 0.621* 0.537 0.404** 0.333* 
 (0.330) (0.349) (0.162) (0.168) 
dum2   0.761 0.923 
   (0.913) (1.153) 
dum3   8.041*** 8.203*** 
   (0.913) (1.153) 
dum4   -1.490* -1.316 
   (0.817) (1.090) 
dum5   8.356*** 8.518*** 
   (0.913) (1.153) 
dum6   -0.874 -0.712 
   (0.913) (1.153) 
dum7   -0.0621 0.0889 
   (0.709) (1.016) 
dum8   2.538*** 2.689** 
   (0.818) (1.086) 
dum9   1.346 1.627 
   (0.913) (1.339) 
dum10   -0.217 -0.0541 
   (0.764) (1.053) 
dum11   -1.179 -1.017 
   (0.913) (1.153) 
dum12   1.946** 1.010 
   (0.913) (1.328) 
dum13   -2.099** -2.563* 
   (0.913) (1.339) 
dum14   1.690** 1.864* 
   (0.817) (1.090) 
dum15   1.171 1.333 
   (0.913) (1.153) 
dum16   1.021 1.183 
   (0.764) (1.053) 
dum17   1.336* 1.498 
   (0.764) (1.053) 
dum18   3.311*** 3.473*** 
   (0.913) (1.153) 
dum19   4.606*** 4.768*** 
   (0.913) (1.153) 
dum20   4.586*** 4.780*** 
   (0.913) (1.328) 
dum21   3.171*** 3.333*** 
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   (0.913) (1.153) 
dum22   5.159*** 5.348*** 
   (0.678) (1.007) 
dum23   5.782*** 6.040*** 
   (0.764) (1.098) 
dum24   4.923*** 4.776*** 
   (0.678) (1.016) 
dum25   1.548** 1.689 
   (0.734) (1.029) 
dum26   2.715*** 2.895*** 
   (0.764) (1.058) 
dum27   4.779*** 4.918*** 
   (0.712) (1.015) 
dum28   2.123*** 2.388** 
   (0.764) (1.090) 
dum29   2.741*** 2.897*** 
   (0.732) (1.031) 
dum30   3.267*** 3.510*** 
   (0.731) (1.058) 
dum31   3.150*** 3.467*** 
   (0.690) (1.018) 
dum32   2.249* 2.447* 
   (1.156) (1.339) 
dum33   1.701** 1.852* 
   (0.818) (1.086) 
dum34   4.569*** 4.725*** 
   (0.732) (1.031) 
dum35   3.755*** 3.935*** 
   (0.764) (1.058) 
dum36   2.290*** 2.181** 
   (0.693) (1.029) 
dum37   -0.00436 0.158 
   (0.913) (1.153) 
dum38   1.156 1.318 
   (0.764) (1.053) 
dum39   2.596*** 2.764*** 
   (0.690) (1.009) 
dum40   4.040*** 4.209*** 
   (0.709) (1.029) 
dum41   0.695 0.846 
   (0.818) (1.086) 
dum42   1.851** 2.002* 
   (0.818) (1.086) 
dum43   2.471*** 1.200 
   (0.913) (1.328) 
dum44   1.244* 1.456 
   (0.708) (1.053) 
dum45   0.846 1.008 
   (0.913) (1.153) 
dum46   3.208*** 3.562*** 
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   (0.764) (1.086) 
dum47   1.861** 2.012* 
   (0.818) (1.086) 
Alpha 6.213*** 6.246*** 3.777*** 3.650*** 
 (0.233) (0.241) (0.587) (0.939) 
     
Observations 174 155 174 155 
R-squared 0.020 0.015 0.848 0.871 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
8.5 - Appendix 5 

	  
Definitions pertaining to the model of cars and their categorization. 
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Figure 1, courtesy of Wikipedia  
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8.6 - Appendix 6 
 
Seemingly Unrelated Regression 

 
 
 
 


