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ABSTRACT
Background  Substandard and falsified medicines 
(SFMs) are a public health concern of global importance. 
Postmarket surveillance in the form of medicine sampling 
and quality testing can prevent and detect SFM, however, 
there is remarkably scarce evidence about the cost and 
value for money of these activities: how much do they cost 
and how effective are they in detecting SFM?
Methods  Between February and October 2022, 
Systematic Tracking of At Risk Medicines (STARmeds) 
collected and analysed for quality 1274 samples of 5 
medicines from physical and online retail outlets in 7 
Indonesian districts. We collated data on the resources 
consumed by STARmeds, related to all stages of medicines 
sampling and quality testing including design, fieldwork 
and laboratory analysis. We used activity-based costing 
principles to calculate the financial and economic cost of 
medicine quality surveillance from the perspective of a 
hypothetical medicines’ regulator. We calculated the cost 
per day and per week of fieldwork, per sample collected 
and per substandard sample. We used bootstrapping to 
capture uncertainty in the number of samples collected, by 
seller location type (urban, rural and online).
Results  The total cost of sampling and testing medicines 
from the market was US$712 964 (current 2022 values). 
Laboratory costs represented the largest share (70%), 
followed by other direct costs (12%) and indirect costs 
(7%). On average, it costs STARmeds US$479 (95% CI 
US$462 to US$516) to collect one medicine sample and 
US$5990 (95% CI US$5601 to US$6258) to identify one 
substandard sample.
Conclusion  Our findings bring urgently needed and novel 
information on the cost and value for money of medicine 
quality surveillance. These may support planning and 
budgeting of the Indonesian pharmaceutical regulator, but 
also of regulators and researchers elsewhere, particularly 
in low-income and middle-income settings, as well as 
international organisations with health regulation and 
quality of care remits.

INTRODUCTION
Substandard and falsified medicines (SFMs) 
are acknowledged as a public health concern 
of global importance.1 2 3 For countries 

striving to achieve universal health coverage, 
SFMs waste resources on products that are 
not fully serving their purpose and may even 
be harmful to patients.4 Following the defi-
nition from the WHO, substandard or ‘out 
of specification’, medicines are approved 
medicines that do not meet either the quality 
standards, their specifications or both while 
falsified medical products fraudulently 
misrepresent their identity, composition or 
source. National regulatory agencies are 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Substandard and falsified medicines (SFMs) are a 
global concern as they threaten progress towards 
universal health coverage by wasting resources and 
potentially harming patients.

	⇒ Post-market surveillance of medicines is one of 
multiple strategies that can identify and potentially 
deter the production and distribution of SFM.

	⇒ Evidence is very scarce on the cost and value for 
money of medicine sampling and quality testing, 
particularly in constrained-resource settings.

WHAT THIS STUDY ADDS
	⇒ We present novel, detailed and transparent informa-
tion on the financial and economic costs of studying 
medicine quality using primary data from a large 
study in Indonesia, including an exploration of alter-
native hypothetical scenarios.

	⇒ We found that the costs of laboratory testing of sam-
pled medicines are the main determinant of cost 
and value for money of this type of medicine quality 
study.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Researchers can use our findings to design, budget 
for, plan and report similar studies in other settings.

	⇒ Policy-makers can use our findings to articulate how 
to measure the value of studying medicine quality 
their setting, how to allocate appropriate resourc-
es for this and complementary strategies to ensure 
medicines quality.
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often responsible for deterring and identifying SFM 
production and dissemination, as well as following up on 
reported Adverse Drug Reactions.5 The general public’s 
increasing awareness and access to information promotes 
accountability and increases expectations towards the 
safety of medical products and services.6 As a result, 
cases of casualties from SFM have resulted in legal action 
against the government. This was recently the case in 
Indonesia, when tragically more than 200 children died 
after consuming cough syrup medicines.7 8

While the prevalence of SFM is a global issue, regions 
with more cross-border movements, high demand for 
cheaper medicines and weak national regulatory policies 
appear more affected by this problem. In the Mekong 
subregion, for example, the prevalence of SFM among 
antimalarials is such that it increases drug resistance, 
which represents a step back in the progress towards 
malaria eradication.9 In a recently published system-
atic review of methods to measure the impact of SFM, 
authors found that substandard and falsified antimalarial 
medicines can account from 10% to 40% of total annual 
malaria costs, and SFMs affect rural and poor popula-
tions disproportionately. Further research is needed to 
understand the real magnitude of this issue since most 
studies on the impact of SFM were conducted in sub-
Saharan Africa and focused on antimalarials and antibi-
otics only.10

Postmarket surveillance is a catch-all term for systems 
that monitor the safety of medicines already approved 
for use in a market. These include passive pharmacovig-
illance systems that rely on reports of adverse reactions, 
and active sampling and testing of medicines to check 
that products samples at different points in the supply 
chain continue to conform with their authorisation 
paperwork. National regulators may adopt either or 
both of these strategies. Ideally, the data from the two 
systems are cross-referenced to maximise the chance of 
detecting poor-quality medicines and removing them 
from the supply chain, although in practice this is not 
always the case.11 What postmarket surveillance entails 
in practice depends on the strategy adopted by national 
regulators, for example, health facilities reporting 
issues with a medicine (adverse events or evident signs 
of damage) to manufacturers and regulators after a 
product has been approved, conducting medicines 
sampling and quality testing activities from the supply 
chain. These activities may detect drug risks and poten-
tially deter SFM production and dissemination in the 
first place.12 Fortunately, governments are taking action 
and medicines quality monitoring is an important part 
of future strategies to promote drug safety in Asia.13 Post-
market surveillance in the form of medicine sampling 
can prevent and detect SFM, however, there is remark-
ably scarce evidence about the cost and value for money 
of these activities: how much does it cost and how effec-
tive is it in detecting SFM? What are the government 
budget implications of sampling medicines from the 
market for quality testing?

The project Systematic Tracking of At Risk Medicines 
(STARmeds, https://starmeds.id) implemented in four 
areas of Indonesia (North Sumatera, Greater Jakarta, 
East Java and East Nusa Tenggara (NTT)) developed a 
single cross-sectional survey that can add information 
to the national medicine regulator’s model through 
collecting and testing medicine samples from urban and 
rural areas and all types of outlets from which patients 
acquire medicines.14 STARmeds collected samples of 
five medicines (amlodipine, amoxicillin, cefixime, dexa-
methasone and allopurinol) from a random selection 
of physical and online outlets. We defined a sample as 
a single medicine, dose and brand acquired at a single 
outlet and time. Taking a patient exposure rather than 
a regulatory approach, the study did not distinguish 
between different batches of a brand, as long as they 
were provided to a single patient at a single time and 
place.15 The collected samples underwent laboratory 
quality testing, as described below. A sample was consid-
ered substandard if it failed at least one of the chem-
ical tests to which it was subjected. For the purpose of 
this analysis, we focus on the costs of finding substan-
dard samples, which do not include cases of falsified 
medicines.

Using the results from STARmeds activities and labo-
ratory testing as a benchmark, in this study, we esti-
mated the costs of sampling medicines from the market 
and testing for medicine quality from the perspective 
of a medicines regulator, by adapting costs incurred 
in our academic research to reflect the different costs 
incurred when similar activities are implemented by a 
medicine regulator. With a combination of adminis-
trative records and time-and-motion survey tools, we 
aimed to:
1.	 Quantify the financial and economic costs of con-

ducting postmarket surveillance based on active sam-
pling of medicines from randomly selected dispensing 
points.

2.	 Calculate the cost per medicine sample collected and 
the cost per substandard sample found.

3.	 Provide practical and concrete guidance on the costs, 
resource use, budget impact and potential value of 
this type of medicine quality study.

We present findings from the STARmeds project that 
improve the available knowledge on resource require-
ments for sampling and testing medicines from the 
market, disaggregated by phase and cost centres, and 
hypothetical scenarios that can inform the budgeting 
and planning of similar activities.

METHODS
We follow the structure of the Global Costing Refer-
ence Case (GCRC) developed by the Global Health Cost 
Consortium. In online supplemental file 1, we show in 
detail how and where each principle in the GCRC is 
reported in our paper.
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Project STARmeds
STARmeds is an intersectoral study that joined together 
professionals from different backgrounds and institu-
tions (Universitas Pancasila, Imperial College London 
and Erasmus University) to assess the prevalence of 
SFM in Indonesia. The core of STARmeds project was to 
conduct a cross-sectional survey of the quality of medi-
cines at the point of dispensing to patients that contrib-
uted to identify and measure the magnitude of SFM prev-
alence in the country, and how likely are local patients to 
find SFM. The full scope of the project, that goes beyond 
testing medicine samples quality, can be summarised in 
five main objectives:
1.	 Implement medicine quality study activities—by col-

lecting medicine samples in the field.
2.	 Estimate SFM prevalence—by testing samples collect-

ed in the lab.
3.	 Compute costs of implementing sampling and quality 

testing of medicines.
4.	 Understand policy influence and learning during the 

implementation of the project.
5.	 Inform policy research in Indonesia.

The objectives were divided into three work streams: 
one to implement a medicine quality study and produce 
substandard prevalence estimates, one to develop the 
costing analysis, and a policy learning module to study 
the role of policy engagement in medicine surveillance. 
In this study, we focus on the costing analysis work stream, 
dedicated to measure total costs, cost per sample collected 
and per substandard sample found. Calculations of costs 
per sample and per substandard sample found are built 
on the substandard prevalence estimates, which shall be 
published separately, together with a detailed description 
of the data collection and testing methods.16 15

Between March and May 2022, STARmeds collected 
1333 medicine samples of amlodipine, amoxicillin, 
cefixime, dexamethasone and allopurinol (see sample 
distribution per type of medicine in online supplemental 
file 2). In STARmeds, one sample means one unit of 
analysis in a medicine quality study. It comprises one 
medicine (eg, amoxicillin), of one dosage (strength and 
formulation) (eg, 500 mg tablets), of one brand (eg, 
Supermoxy), from one market authorisation holder (eg, 
Modern Pharma) collected at one location, at one time, 
(eg, bought at Rainbow Pharmacy, on 20 June 2022).15 
Medicines were selected during the project’s preparation 
stage in consultation with the study’s Scientific Advisory 
Group members and representatives of the Indonesian 
food and drug regulatory agency Badan Pengawas Obat 
dan Makanan. Medicines were sampled from a random 
selection of outlets where patients can obtain medicines, 
either physically, in rural or urban settings, or online, 
across seven districts of four Indonesian areas: North 
Sumatera, Greater Jakarta, East Java, East Nusa Tenggara 
(NTT). Sampling locations were chosen purposively to 
reflect Indonesia’s geographical and economic diver-
sity. 1274 were collected and sent for laboratory analysis 
for quality testing (identification, quantification and 

uniformity of assay, uniformity of content for samples 
below 20 mg, and dissolution). Of the total samples 
tested, 105 were found to be substandard, leading to a 
crude substandard prevalence of about 8.2% that shall 
be the value adopted for the costing analysis throughout 
this study. In the costing analysis, we do not include costs 
of finding falsified medicines, or of adjusting crude esti-
mates of prevalence by market size. Methods on medi-
cine quality testing followed MEDQUARG guidelines 
and details are published together with substandard prev-
alence estimates.16 17

Approach to economic analysis of STARmeds
Based on the sample design and prevalence estimates 
achieved with the medicine quality study, we conducted 
a microcosting study to inform policy decision-makers on 
the cost of sampling and quality testing of medicines in 
the market and its performance in finding substandard 
medicines in the market. Microcosting is a cost estima-
tion method that uses detailed resource utilisation and 
unit cost data to generate precise estimates of economic 
costs.15 Costs, cost items and study phases were retrieved 
from the STARmeds project registry and from consul-
tation with experts whenever STARmeds costs were not 
applicable to our adopted perspective of a hypothetical 
medicine regulator (the case of salaries, eg). We catego-
rised STARmeds activities in three stages:
a.	 Study setup (design and sampling frame) and prepa-

ration of sample collection (protocol, tools, stakehold-
er engagement, recruit data collectors, logistics and 
administration).

b.	Fieldwork (training sample collectors, travel, collect-
ing samples, processing collected samples for labo-
ratory analysis—including checking for anomalies in 
packaging or labelling).

c.	 Laboratory analyses and reporting (testing, register-
ing results and report writing for dissemination with 
relevant stakeholders).

For each stage, we identified activities and the required 
resources for implementing the medicines survey. We 
then assigned unit costs to resource items and calculated 
the respective total costs. We distinguish between finan-
cial costs, which include the costs of resources reflected 
in STARmeds’ expenditure records and economic costs, 
which also include the value of time, goods and services 
that were used in STARmeds’ activities but without a 
financial transaction.

Calculating total and unit costs of medicine sampling and 
quality testing
We calculated full (not incremental, ie, assuming there 
was no other surveillance activity in place), real-world 
(not normative), financial and economic costs from the 
perspective of a hypothetical public sector medicines 
regulator (excluding research costs) using STARmeds 
activities as a benchmark. The time horizon covers the 
calendar period October 2021–October 2022, during 
which the STARmeds study design, data collection and 
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laboratory analysis took place. The scope of the costing 
exercise includes all resources consumed by STARmeds 
related to all study stages. We did not include any research-
related costs (such as literature reviews and scientific 
papers discussion, writing and publishing process), nor 
any potential administrative follow-up based on labora-
tory results, for example, communication with, inves-
tigation or inspection of manufacturers of substandard 
samples.

We used top-down costing as the main analytical 
approach. In addition to STARmeds financial and admin-
istrative records, we quantified and allocated STARmeds 
staff human resource costs based on civil servant’s salaries 
lists (including allowances) in consultation with our expert 
staff in the field.18 This consultation was part of a time-and-
motion study that provided crucial information on over-
time worked by staff. We included these as economic costs 
by multiplying their full-time equivalent (FTE) salaries by 
the estimated number of hours worked outside normal 
working hours (assumed to be from 9:00 to 17:00 hours). 
FTE here is defined as the hours worked divided by the 

total amount of hours in a full-time workweek (a full-time 
employee has an FTE of 1). Costs were computed assuming 
a hypothetical core team that remained stable and worked 
full-time throughout the whole project. The team, 
composed of a senior investigator, a logistics manager, a 
data manager and two research staff, was defined after 
consultation with STARmeds experts that work closely with 
medicine regulatory institutions. Table 1 summarises the 
data sources and assumptions made for each type of cost 
input when specifying the cost perspective of a hypothet-
ical medicines regulator.

The sampling frame for the cost analysis is the same as 
the sampling frame of the STARmeds project. STARmeds 
collected and tested 1274 samples. Of these, 327 samples 
were collected online (sample distribution between 
medicines in online supplemental file 2). STARmeds 
Guide and Toolkit include a version of the study design 
description adaptable to many settings in chapter 3 (see 
online supplemental file 3) and the units of analysis for 
the costing study are defined based on information in 
STARmeds administrative records.14

Table 1  Data sources and estimation methods for cost inputs

Cost input Details

Staff salaries Salary data for each team member were informed by the Indonesia civil service scale (see details in 
online supplemental file 4). In our hypothetical team, grade I civil servant corresponds to assistant 
level, grade II to data manager, grade III to project manager and grade IV to principal investigator. 
Each level receives an allowance (that increases with level of seniority) to cover extra benefits such 
as sick, maternity and annual leave, insurance, service car, etc. Medicine sample collectors are paid 
on a per diem basis, following STARmeds expenses records. Salaries and per diems, as appropriate, 
were allocated to the three study phases (study design, fieldwork and analysis) proportionally with the 
number of calendar days spent in each, based on STARmeds fieldwork operations. For the calculation of 
economic costs, staff overtime was valued at the same hourly rate as their full-time employed time.

Equipment The cost of newly purchased equipment was informed by STARmeds expenditure records. When 
personal laptops and phones were used by the core team, purchase values of US$1000 and US$100, 
respectively, were used to compute economic costs, informed by prices of similar specifications to those 
used in STARmeds available on the e-catalogue website of Indonesia’s National Public Procurement 
Agency LKPP.29 30 In all cases, a useful life of 5 years and a discount rate of 3% were assumed to 
annualise equipment cost.

Consumables All costs of consumables were informed by STARmeds expenditure records. COVID-19-related 
consumables were excluded, for example, rapid diagnostic tests.

Travel This category includes travel, meals, accommodation and meeting-related costs, for example, training 
data collectors. In each geographical location from where samples were collected, there was a central 
coordination hub for which rent, utilities, buildings insurance were charged at market prices. Transport 
between Jakarta and the provinces, as well as local transport, are also included. All costs are informed 
by STARmeds expenditure records.

Laboratory This category includes the costs of privately contracted Equilab to perform pharmacopeial tests 
(identification, quantification and uniformity of assay, uniformity of content for samples below 20 mg 
and dissolution) for 1274 medicine samples. These costs were registered as a whole item, as they were 
registered in STARmeds expeniture records.

Other direct costs This category includes operational allowances for sample collectors, the cost of purchasing medicines 
from outlets at market prices, as well as a wide range of services, for example, barcoding samples, 
mobile data packages for the field team. All costs are informed by STARmeds expenditure records.

Indirect costs It was assumed that overheads represent 10% of the sum of salaries, consumables, travel and other 
direct costs. This assumption results from consultations with STARmeds experts, based on the 
STARmeds project and Indonesian civil service earnings.

STARmeds, Systematic Tracking of At Risk Medicines.
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In the cost analysis results, the term ‘cost per medicine 
sample collected’ refers to the cost of a sample collected 
during fieldwork (as per the definition stated in the 
‘Methods’ section) which underwent visual inspection. 
When we report the ‘cost per substandard sample’, we 
mean a collected sample that underwent visual inspec-
tion, was sent to the laboratory for analysis and failed 
at least one laboratory test in any of the chemical tests 
performed: identification, quantification and uniformity 
of assay (percentage of labelled amount of active pharma-
ceutical ingredient (API) present in sample), uniformity 
of content for samples below 20 mg (distribution of the 
active content within the production batch) and disso-
lution (percentage of labelled amount of API dissolved 
within specified time frame).15 14

All costs were incurred in Indonesia in calendar year 
2022. Capital expenditure comprised only computers 
and mobile devices to support fieldwork. Capital was 
depreciated using the straight-line method, assuming 5 
years of useful life and a 3% discount rate.

All costs are reported in US dollar (USD, current 2022 
values). Since STARmeds expenditure reports were 
submitted in GBP to the study funder, these amounts 
were converted to USD based on the average Pound 
Sterling (GBP) to USD exchange rate in 2022. Other 
costs not incurred in GBP were converted from Indo-
nesian Rupiahs (IDR) to USD using the average IDR to 
USD exchange rate for 2022. Given the 1-year horizon 
(October 2021–October 2022), no discounting was 
applied.19 20

We complemented the costing analysis with informa-
tion from a time-and-motion study to account for over-
time in our salaries’ estimates. STARmeds staff involved 
in data collection activities recorded time taken for 
different tasks during fieldwork, and filled in individual 
time-use questionnaires. In addition, we held three focus 
group discussions with data collection staff approximately 
6 months after the last medicine sample was collected in 
fieldwork, to discuss time use.

Apart from overtime, the time-and-motion study 
collected information that is only relevant for planning 
purposes and that was not directly included in the cost 
estimations. The methods used for the time-and-motion 
study are described in detail in online supplemental file 
5.

Sample collection estimates and uncertainty
Our estimates of total costs and unit costs account for 
uncertainty in the number of samples collected per day, 
which influences the number of fieldwork days during 
which the target number of medicine samples can be 
collected and, in consequence, the total costs of keeping 
the team (including sample collectors) in the field. We 
did so by bootstrapping (sampling with replacement, 
n=500 iterations) the number of samples collected 
during each day of fieldwork, stratified by type of outlet 
location (rural, urban and online). For each iteration, 
we calculated the number of days required to reach the 

target number of medicine samples to be collected and 
then, across all iterations, we calculated the mean and 
the 95% CI (percentile method). In this context, and 
from the information collected during the focus groups, 
we considered potential sources of uncertainty in the 
number of samples collected per day the weather condi-
tions, stock shortages or other unexpected events such as 
road accidents or health issues.

Sensitivity analysis
To understand how our results would change if some key 
expenses varied, we conducted a one-way sensitivity anal-
ysis, with three alternative scenarios, where we modified 
the (A) costs of sampled medicines, (B) sampling and 
testing preparations costs and (C) substandard prevalence 
estimates, alternately (keeping all other costs constant). 
In scenario A, we multiplied prices of medicines in STAR-
meds by 10, to simulate the survey costs if more expen-
sive medicines had been sampled. In scenario B, prepara-
tion costs (including costs with study design, operational 
preparations, stakeholder engagement and recruitment 
of data collectors) were halved, to account for the fact 
that this stage is likely to become less resource-intensive 
with time and repetition. Finally, because prevalence esti-
mates can vary with medicine types, in scenario C, preva-
lence was increased to 20%, instead of the 8.2% found in 
STARmeds laboratory testing (assuming the same cost of 
laboratory testing).

Patient and public involvement
There was no patient involvement in the development of 
this project.

RESULTS
The total cost of medicines sampling and quality testing 
(under STARmeds) was US$712 964 (table  2). Labora-
tory costs represented the largest share (70%), followed 
by other direct costs (12%) and indirect costs (7%). 
Consequently, ‘analysis and reporting’ was the most 
financial resource-intensive phase; by comparison, data 
collection accounted for about 15% of total costs. ‘Other 
direct costs’ (that includes costs of buying samples) 
accounted for the largest share of costs in preparation 
and data collection while ‘laboratory costs’ dominated 
‘analysis and reporting’ (figure 1).

The mean cost of collecting samples was US$479 (95% 
CI US$462 to US$516) to collect one medicine sample 
and US$5812 (95% CI US$5601 to US$6258) to identify 
one substandard sample (ie, collect, test and report), 
assuming a prevalence of 8.2% substandard in the market 
(table  2). This prevalence estimate falls to 4.4% when 
adjusted for market size, meaning an increase in the 
average cost per substandard sample to US$ 10 883 (95% 
CI US$10 482 to US$11 888).15 Laboratory testing alone 
cost on average US$378 per sample, which means around 
US$100 was spent on design, fieldwork and reporting. In 
terms of time, each fieldwork day costs US$1866 and each 
fieldwork week US$9330 (assuming a working week of 5 
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days)—excluding laboratory costs, as they were accrued 
afterwards.

Table 3 outlines the number of overtime hours worked 
during STARmeds activities, based on data from indi-
vidual questionnaires and focus groups with STARmeds 
research staff. Data collection was the most demanding 
project phase in terms of workload since it required staff 
to work overtime almost every working day. The amount 
of overtime was equivalent to four conventional working 
weeks (5 days working from 9:00 to 17:00 hours) for the 
preparation of data collection, 6 weeks for fieldwork and 
3 weeks for stakeholder engagement.

Sensitivity analysis
Results from sensitivity analysis show that because labo-
ratory costs are the most relevant driver of total costs, 
changes to other key factors do not produce a large effect 

on the overall cost per unit. Figure 2, panel i (scenarios 
A and B), shows that spending 10 times more on medi-
cines and half the observed costs on preparation for data 
collection would have produced similar results for the 
mean cost per sample collected and analysed.

For scenario C, increasing prevalence estimates from 
8.2% to 20% had a significant and negative impact on 
cost per substandard sample found, which illustrates how 
relative costs increase when substandard medicines are 
more scarce and more difficult to find. From figure  2, 
panel ii, if prevalence of medicines substandard had 
been 20% the mean cost per substandard sample would 
have ranged from US$2311 to US$2604, about half the 
costs observed in STARmeds.

DISCUSSION
Summary of findings
We calculated the total and unit costs of medicines 
sampling and quality testing, including the preparation 
of sample collection, sample collection, laboratory anal-
ysis and reporting, based on administrative records and 
primary workload collected as part of the STARmeds 
project activities in Indonesia in 2021 and 2022. The 
mean unit costs were US$479 and US$5812 per sample 
collected and per substandard sample detected, respec-
tively. Results were not substantially affected by different 
assumptions about the market prices of sampled medi-
cines and by more efficient sampling preparation.

Laboratory analysis for collected samples was the main 
driver of STARmeds costs, representing more than two-
thirds of costs. Data collection was the most intense phase 
of the project and required staff to work outside working 
hours almost every day.

Our methods and findings are aligned with other 
studies on the costs of medical surveillance programmes 
(although not focused on medicine quality). A costing 
analysis of a surveillance programme for miners exposed 
to high altitude in Chile measured the direct operating 
costs of surveillance through on-site surveys and micro-
costing methods, quantifying labour costs, consum-
ables, equipment and overhead costs.21 Similarly to our 
approach, authors use a time activity-based costing for 
measuring salary costs, although not accounting for staff 
overtime. The estimated average cost per worker was 
about US$21, and total programme costs were mostly 
driven by staff costs and high-cost equipment. In the 
Mekong subregion, a costing study was developed to 
document the costs of electronic systems and mobile 
reporting solutions as part of a Malaria surveillance 
programme.22 Authors include economic and financial 
costs to measure the annual expenses per provider under 
surveillance. The annual cost per provider varied from 
US$82 in Myanmar to US$371 in Cambodia, and US$354 
in Laos, considered sustainable as it corresponded to 
0.5%–1.5% of national malaria strategic plan cost and 
7%–21% of surveillance budgets. In the sub-Saharan 
region, a review of the costs of home-based testing for 

Table 2  Disaggregation of total costs and unit costs of 
STARmeds activities (USD, current 2022 values)

% of total 
cost

By cost components

Salaries* US$ 32 503 5

Equipment US$ 2975 0.4

Consumables US$ 17 747 3

Travel US$ 21 660 3

Laboratory US$ 481 704 70

Other direct US$ 82 734 12

Indirect US$ 51 200 7

Total US$ 690 523 100

By study phase

Study setup US$ 37 296 5

Preparation US$ 54 356 8

Data collection US$ 100 508 15

Analysis and reporting US$ 498 363 72

Total US$ 690 523 100

Units Avg. (95% CI)

Samples collected 1274 US$ 479 (462; 516)

Substandard detected 105 US$ 5 812 (5601; 6258)

Fieldwork day (all) 61 US$ 1 866 (1482; 2728)

Fieldwork day (active) 49 US$ 2 293 (1821; 3353)

Components and study phases are taken from STARmeds 
project administrative records. STARmeds conducted medicines 
postmarket surveillance activities in four medicines in Indonesia. 
These activities correspond to the costs associated to 
preparing, collecting and testing 1274 medicines in physical and 
online outlets from February to May 2022. Fieldwork day (all) 
corresponds to the cost per calendar day of the field work period, 
fieldwork day (active) corresponds to cost per days when at least 
one sample was collected, both excluding laboratory costs.
*Salary scale list presented in online supplemental file 4, online 
supplemental table 4A.1.
STARmeds, Systematic Tracking of At Risk Medicines.
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HIV surveillance estimated an average cost of US$23 per 
person tested and US$439 per HIV-positive test. Studies 
in this review used either an ingredients-based costing 
approach or microcosting and all included staff salaries, 
per diems, transport, accommodation and equipment 
costs, with no mention of staff overtime.23 Just like there 
is scarce evidence on the costs of finding SFM, not much 
is known about the costs of testing and tracing COVID-19 
cases in low-income and middle-income countries.24 
In many countries, the pandemic placed an increased 
burden on regions that were already low on resources. 
A microcosting analysis from Ethiopia estimated that the 
total cost of COVID-19 laboratory diagnosis, including 
sample collection, was US$5.26 per test and US$49.33 
per COVID-19 positive identified. As in the case of STAR-
meds, more than 70% of the total cost was spent on labo-
ratory testing and the rest on data collection.

Limitations
We have excluded research costs from our estimates and 
only included costs that would apply to a hypothetical 
national regulator. We acknowledge, however, that this is 
an approximation and we do not claim to have captured 

completely the operational costs of medicine surveillance 
activities that would be implemented by such a regulator, 
and since no regulatory authority was directly involved 
in the study. We have attempted to present our assump-
tions transparently to inform the contextualisation of our 
findings with due adjustment. Also, we did not factor in 
the cost of policy action towards substandard samples 
(eg, inquiries, checks, inspections, other administrative 
or legal action) or the potential deterrent effect of such 
action.

Focus group discussions with STARmeds staff were 
conducted retrospectively, 6 months after the fieldwork 
was completed, which raises the potential for recall bias 
when estimating the workload amount. Besides indi-
vidual questionnaires on staff workload, we also collected 
time-stamp data recorded electronically and on paper by 
sample collectors. The latter data informed our under-
standing of the field workload, but not our main calcu-
lations as it had a lot of variation which may be due to 
different time perceptions across individuals and because 
recording timestamps in the field increased the burden 
on them.

Table 3  Operational efficiency indicators for STARmeds project

Unit Preparation Data collection Stakeholder engagement

Total hours worked per week (hour) 15.0 30.5 5.3

Weeks executed (weeks) 25.8 12.9 34.4

Weeks needed to avoid overtime (weeks) 29.4 18.5 37.3

Data from individual questionnaire and focus groups. Assuming total hours worked includes overtime, we calculate the number of hours 
worked without overtime; Based on focus groups discussion extra working time in a day was assumed to be 3 hours for preparation, 5 hours 
for data collection and 2 hours for stakeholder engagement.
STARmeds, Systematic Tracking of At Risk Medicines.

Figure 1  Breakdown of cost components by study phase in STARmeds project. Study setup: 1 October 2020–30 September 
2021; Preparation: 1 October 2021–12 February 2022; Data collection: 13 February 2022–9 May 2022; Analysis and reporting: 
10 May 2022– 30 June 2022. Study setup and preparation of sample collection include overall design, sampling frame, 
protocol, tools, logistics and administration; fieldwork section includes training sample collectors, travel, collecting samples, 
processing collected samples for laboratory analysis: and analysis and reporting includes laboratory testing and results.
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The number and type of medicines collected by STAR-
meds are broadly used by many of us and constitute some 
of the cheapest medicines in the whole market. While 
our sensitivity analysis shows that variations in the price 
of medicines have a limited impact on the overall cost per 
sample, we acknowledge that the prices STARmeds paid 
for the medicine samples collected were low and may 
represent a bias in our estimates. In the same way, there 
are large ranges of laboratory testing costs between labo-
ratories and type of molecule being tested, the key drivers 
of our total cost. Both these factors may affect generalis-
ability of our results, which we try to (at least partially) 
overcome in our sensitivity and scenarios analyses.

Interpretation and discussion of findings
Our findings suggest that sampling and testing medicines 
for quality are rather costly activities principally because 
of laboratory costs. We could not identify other similar 
studies on the surveillance of medicine quality to directly 
compare our findings with. While some characteristics 
of STARmeds contributed to high costs with a view to 
ensuring the findings’ representativeness and robust-
ness, such as sampling from urban and rural locations as 
well as from a wide range of regulated and unregulated 
medicine sellers (including online), other characteris-
tics favoured efficiency, for example, using experienced 
research staff with a pharmacy background and relying 

on sample collectors with extensive survey experience 
on the National Statistics Office roster. Even if a hypo-
thetical regulator may approach and conduct medicines 
surveillance activities differently in the same context, 
potentially generating economies of scale and scope in 
selected activities, the fact that laboratory costs are the 
major driver of total costs makes it unlikely that total and 
unit costs would have been meaningfully different if the 
same sampling design had been implemented differently.

Despite salary costs representing less than 10% of total 
costs, the workload required to conduct the fieldwork 
activities was particularly intense. This was even more the 
case for online medicine sellers: instances such as fluc-
tuating responsiveness and last-minute delivery cancella-
tions kept STARmeds research staff occupied for as long as 
several hours to have a viable medicine sample purchased 
and delivered. For all types of activities, research staff had 
to work overtime, especially during the data collection 
period. The results of the time-and-motion component 
showed that considering only financial, objective costs 
from administrative records would fail to acknowledge 
human factors that are crucial for the successful planning 
and implementation of medicine surveillance activities.

Implications for policy-makers
Ascertaining the value of postmarket surveillance activ-
ities requires policy-makers deciding on its objectives 

Figure 2  Scenario analyses for unit cost estimates of STARmeds project. STARmeds values correspond to the average 
cost per collected sample estimated using STARmeds data and activities. In panel (i), we compare these estimates to other 
hypothesis and study how costs would vary in case (A) the medicines sampled were 10 times more expensive than STARmeds 
or (B) if preparation costs were half of that of STARmeds. In panel (ii), we estimate how costs would vary in case (C) the 
prevalence of medicines substandard is 20%, instead of the 8% found in STARmeds. STARmeds, Systematic Tracking of At 
Risk Medicines.
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and resources to consider carefully a range of contextual 
aspects. An important initial distinction is between one-
off medicine quality exercises and routine postmarket 
surveillance. While our cost estimates are based on STAR-
meds, a standalone study, having these cost estimates 
inform a discussion on the value of postmarket surveil-
lance in the form of medicine sampling first requires 
being explicit about what are the policy objectives, what 
type of study design best serves these objectives (eg, 
random or targeted sampling) and what ‘value’ repre-
sents in context.

If ‘value’ refers to the amount and quality of existing 
knowledge on the substandard medicines prevalence in 
the respective context, then it can be argued that with 
absent credible information on the likely extent of the 
problem, for example, a STARmeds-like type of exercise 
can offer novel, otherwise unavailable insights that can 
focus the policy dialogue and serve as a benchmark for 
future medicine quality efforts. With ‘value’ understood 
as knowing the likelihood of a patient buying substan-
dard products, then the substandard point prevalence 
is determinant since the average cost of detecting one 
substandard sample was largely determined by the prev-
alence and laboratory testing costs, as illustrated in our 
scenario analyses (figure 2). A recent study on the return 
on investment of technologies to detect substandard and 
falsified amoxicillin focuses on this issue, and studies 
the possibility of using more cost-efficient screening 
alternatives to quality testing, leaving standard quality 
tests for measuring APIs (such as the high-performance 
liquid chromatography technology used by STARmeds) 
for confirmatory tests.25 As illustrated in scenario C 
(panel ii), randomised Post-market surveillance (PMS) 
has diminishing returns to prevalence: the smaller the 
number of substandard medicines in the market the 
more expensive and the more difficult it is to find them. 
One can argue that preventing the existence of substan-
dard medications in the market is a balance between 
investing in Good Manufacturing Practice (GMP) inspec-
tion and enforcement, and PMS since effective quality 
control at production can reduce the need for extensive 
(and expensive) randomised PMS. In that sense, when 
there are not enough substandard medicines in the 
market to justify the cost of randomised PMS, risk-based 
surveillance might be a better option, which requires 
a different cost-effectiveness study. On the other hand, 
countries with a significant number of substandard prod-
ucts should prioritise random PMS. How many substan-
dard medicines constitute a ‘significant’ amount to justify 
this view of ‘value’ of PMS is a trade-off that national 
regulators need to take into consideration in their plan-
ning activities. When ‘value’ is understood as preventing 
or deterring substandard products from being brought 
to the market, the higher the magnitude of this deterrent 
effect, the higher the value of the postmarket surveil-
lance activity and the lower the expected prevalence of 
SFM in the market. While, to our knowledge, there is no 
empirical quantitative evidence on the deterrent effect of 

medicine surveillance activities, criminological research 
has found significant deterrent effects associated with 
the use of surveillance cameras (with random or targeted 
installation), by increasing the criminals’ expected prob-
ability of being detected.26 27 28 If postmarket surveillance 
activities are known to the people and work as surveil-
lance cameras for the medicines market, criminals may be 
discouraged to produce or sell SFM, just by the existence 
of these activities. An information experiment increasing 
the visibility and awareness of surveillance activities in the 
form of medicine sampling and testing from the market 
could be useful to investigate the existence and ponte-
tial of this effect. The same would apply if ‘value’ refers 
to avoiding adverse events due to SFM: the more cases 
are avoided, the higher would be the value of postmarket 
surveillance. Studies estimating the economic impact of 
SFM have included costs related to adverse events, which 
could help understand the value of avoiding them, but 
this evidence is limited to sub-Saharan Africa countries 
and antimalarials or antibiotics.10

Another aspect worth considering when discussing 
the value of studying medicine quality is that postmarket 
surveillance by itself cannot be expected to successfully 
address the SFM problem; it is one strategy among many 
that should be viewed as part of multifaceted approach, 
in line with the available conceptual frameworks. In that 
respect, the value of postmarket surveillance by medicine 
sampling and testing can only be ascertained in combi-
nation with the other policy strategies that are in place 
in the respective setting, from inspections at produc-
tion level to securing safe supply chain for medicines or 
promoting innovation in medicines technology.

Finally, costs and value estimations are not to be read 
as a justification for decreasing postmarket surveillance 
activities, especially in low or constrained resource 
settings. Rather they bring more information on how to 
plan these activities in a way that maximises its sustain-
ability and efficiency. With our estimates, we hope to 
contribute valuable information to PMS budget plan-
ning estimations that can help researchers and regu-
lators make informed decisions on the trade-offs that 
these activities require to ultimately find efficient and 
sustainable ways of ensuring universal access to quality 
medicines and reduce the prevelance of substandard and 
falsified products as much as possible.

Implications for research
While other studies in the literature have analysed costs 
of different types of surveillance,21 22 24 25 to our knowl-
edge, ours is the first study that provides a comprehen-
sive, detailed and transparent breakdown of the costs of 
medicines sampling and quality testing. Our expecta-
tion is that our approach and results will be useful, with 
adaptations, to researchers and regulatory authorities 
planning and budgeting for the future of such studies in 
other settings.

To support such applications, we have developed based 
on our STARmeds work a free, web-based tool to support 
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researchers and regulators in the ex ante budget plan-
ning of medicines quality surveillance activities, available 
at https://shiny.dide.ic.ac.uk/starmeds-budget-tool/.

Recommendations for future research on the value 
of medicines quality surveillance include that there is 
no empirical, quantitative evidence on the subject and 
more research is needed to establish the extent to which 
a deterrent effect is plausible (other than in theory) and, 
if so, what could be its range. Beyond postmarket surveil-
lance, there is a dearth of economic evidence on the costs 
of other strategies for SFM prevention, detection and 
action, for example, GMP inspections. Future studies can 
fill this gap and ultimately produce comparative value 
estimates among complex SFM strategies with multiple, 
integrated components, not only isolated interventions 
such as medicine quality surveillance.

CONCLUSION
Our findings suggest that surveillance of medicine 
quality at randomly selected dispensing points is a costly 
activity whose value is highly contextual and difficult to 
quantify given the available empirical data. Regulators 
should adapt their methods to match their goal when 
developing medicine surveillance activities in the supply 
chain. We provide novel information that may prove 
useful to researchers and regulators finding this match, 
particularly in constrained resource settings, but also 
to international organisations with a healthcare quality 
remit. Building information and creating tools for plan-
ning and budgeting of medicine quality studies is essen-
tial for improving resource use and designing efficient 
evidence-based policies to tackle the prevalence of SFM.
X Sara Valente de Almeida @SaraV_Almeida, Amalia Hasnida @amaliahasnida and 
Elizabeth Pisani @elizabethpisani
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Supplementary File 1 

 

A. Acronyms list  

 

ADR Adverse drug reaction 

BPOM Badan Pengawas Obat dan Makanan 

FTE Full time equivalent 

GBP Pound Sterling 

GCRC Global Costing Reference Case 

IDR Indonesian Rupiah 

NTT East Nusa Tenggara 

OOS 
Out-of-specification (medicines that failed in at least one of the quality tests performed and 

belong to the category of substandard medicines) 

SFM Substandard and falsified medicines 

UP Universitas Pancasila 

USD American Dollar 

 

B. Global Costing Reference Case principles applied to STARmeds cost analysis 

  

Reference Case Checklist Items Options 

STUDY DESIGN AND SCOPE 

Principle 1 - The purpose of the study, the population, and the intervention and/or service/output 

being costed should be clearly defined. 

Purpose 

Purpose type: Financial planning and budget Impact analysis. 

Relevance for health practice and/or 

policy decisions: 

Inform on the key aspects of sampling and quality 

testing medicines from the market, its objectives and 

resources. 

Aim of the cost analysis: Provide an estimate of costs of sampling and quality 

testing medicnes, based on STARmeds project 
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implemented in Indonesia to study the prevalence of 

substandard and falsified medicines.   

Intended user(s) of the cost estimate: 
Medicine regulators or other researchers implementing 

medicine quality studies in the field. 

Intervention 

Main activities/technologies involved: 
Medicine quality study including sampling collection 

from the market and medicines quality testing. 

Target population: 

In the context of this intervention, the population can 

be considered as the medicines being collected in the 

field. In this case, the target medicines were allopurinol, 

amlodipine, amoxicillin, cefixime and dexamethasone 

collected from pharmacies, hospitals, health care 

professionals and online sellers. 

Coverage level: 

Sampling locations (districts) were chosen purposively 

to reflect Indonesia's geographic and economic 

diversity. Considering medicines as the target 

population, it is not possible to measure coverage level 

since it is extremely difficult to estimate the total 

number of medicines being sold physically or online in 

the country.  

Delivery mechanism (e.g., health system 

level, facility type, ownership, etc.): 

Medicines were sampled from pharmacies physical and 

online, hospitals, clinics and health care providers.  

Epidemiological context (i.e., 

incidence/prevalence of disease) 

Prevalence of substandard and falsified medicines in 

Indonesia is unknown. According to WHO in 2017, “1 in 
10 medical products in developing countries is 

substandard or falsified”.(5) 

Intervention 

Analysis and quality testing of medicines sampled from 

a random selection of outlets where patients obtain 

medicines. Sample collection was conducted with 

“mystery shopping” method for buying medicines from 
pharmacies and “overt sampling” for buying medicines 

from hospitals, clinics and health professionals. Field 

activities consisted on: 

• Buying samples; 

• Storing and delivering collected samples; 

• Downloading and updating data entry forms; 

• Filling and submitting forms. 

 

After collection, samples were sent to lab testing. 

Samples that failed tests of quality were combined with 

information about the volume of medicines of each 
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brand dispensed by different outlets to include different 

sources of risk that patients will be exposed to (see 

Supplementary file 3). Activities related to testing of 

medicines include: 

• Visual inspection - packaging check 

• Creating laboratory protocols - validation of 

testing protocols 

• Send samples for lab testing. 

 

 

Principle 2 - The perspective (extent of the resource use captured) of the cost estimation should be 

stated and justified relevant to purpose. 

Study perspective (e.g., provider, 

health system, societal, household): 

Costing analysis was developed adopting the perspective 

of a medicines’ regulator, excluding as much as possible, 
any costs associated with research. 

Principle 3 - The type of cost being estimated should be clearly defined, in terms of economic vs 

financial, real world vs guideline, and incremental vs full cost, and whether the cost is 'net of future 

cost', should be justified relevant to purpose. 

Defining the cost 

Economic vs. financial cost 

This costing study includes both financial and economic 

costs. Financial costs were extracted from the projects’ 
administrative records and economic costs were 

computed from consequences of the projects’ activities 
that were not included in the projects’ expenses, such as 
overtime hours worked by staff or usage of personal 

equipment (phones, laptops, etc..). 

Real world' vs guideline cost 

We use real world data from administrative records that 

were continuously registered through the course of the 

whole project, from design to implementation of the 

medicine quality survey. We also include qualitative data 

from staff interviews and Indonesia civil service pay scale, 
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qualitative data on workload from time-and-motion 

survey tools for measuring workload and overhead costs.  

Full vs incremental cost Full costing method. 

Net of future cost Not included. 

Principle 4 -  The ‘units’ in the unit costs for strategies, services and interventions should be defined, 
relevant for the costing purpose, and generalizable.   

List the unit costs used 

• Unit costs for samples: cost per sample collected; 

• Unit costs for outcome: cost per OOS found; 

• Unit costs per time: Cost per week and per fieldwork 

day and week. 

Describe any adjustments made to 

reflect the quality of service output 
N.a. 

Principle 5 - The time horizon should be of sufficient length to capture all costs relevant to the 

purpose, and consideration should be given to disaggregating costs into separate time periods 

where appropriate. 

Time period 

Period type (start-up vs 

implementation): 
Start-up and implementation. 

Time period: October 2021 to October 2022 

 

SERVICE AND RESOURCE USE MEASUREMENT 

Principle 6 - The scope of the inputs to include in the cost estimation should be defined and justified 

relevant to purpose. 

Defining the scope 
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Above service 

delivery costs 

included 

Yes, medicines delivery costs to research hub and transportation to lab facilities 

were included. 

Costs of 

supporting 

change 

included 

No 

Research 

costs included 
No 

Unrelated 

costs included 
No 

If incremental 

costs, 

assumptions 

made for 

existing 

capacity 

N.a. 

Any exclusions 

other to scope 
N.a. 

Principle 7 - The methods for estimating the quantity of inputs should be described, including data 

sources and criteria for allocating resources. 

Describe the 

measurement 

of each input 

as either top-

down or 

bottom-up 

We use a micro-costing model to estimate total costs of the sampling medicines 

from the market and testing for medicine quality,  implemented by STARmeds 

project, with a top-down approach. 

Describe 

method to 

allocate 

human 

resources 

inputs 

Salary values were collected from the Indonesian civil servant salaries list, using 

the 2019 Government Regulation. To correspond the civil service positions and 

grade levels to the hypothetical team we created, we made a set of assumptions 

based on seniority. In addition, we use qualitative data from interviews with 

STARmeds staff to fairly account for overtime hours worked. These costs are 

computed by multiplying their full-time equivalent (FTE) salaries by the estimated 

number of hours worked outside normal working hours (assumed to be from 9am 

to 5pm).  

Describe 

methods to 

allocate above 

site/overhead 

inputs 

Overhead rates were attributed based on literature and consultation with local 

experts. It was assumed that overheads represent 10% of the sum of salaries, 

consumables, travel, and other direct costs. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2024-015402:e015402. 9 2024;BMJ Glob Health, et al. Valente de Almeida S



Describe the 

methods for 

excluding 

research costs 

All costs associated with research, for example studying sampling methods, were 

not including in the costing analysis. This is done mostly by including only costs 

incurred during medicines collection and testing, and by creating an hypothetical 

medicines regulator team that only includes members that would also be 

necessary by a regulator conducting the same type of activities (decided in 

consultation with local experts).  

Describe the 

methods for 

measuring 

other 

resources 

Equipment: 

The cost of newly purchased equipment was informed by STARmeds expenditure 

records. When personal laptops and phones were used by the core team, purchase 

values of USD 1000 and USD 100, respectively, were used to compute economic 

costs, informed by prices of similar specifications to those used in STARmeds 

available on the e-catalog website of Indonesia’s National Public Procurement 
Agency LKPP. In all cases, a useful life of 5 years and a discount rate of 3% were 

assumed to annualize equipment cost. 

 

Consumables: 

All costs of consumables were informed by STARmeds expenditure records. Covid-

19 related consumables were excluded e.g., rapid diagnostic tests. 

Travel This category includes travel, meals, accommodation, and meeting-

related costs e.g., training data collectors. In each geographical location from 

where samples were collected, there was a central coordination hub for which 

rent, utilities, buildings insurance were charged at market prices. Transport 

between Jakarta and the provinces, as well as local transport, are also included. 

All costs are informed by STARmeds expenditure records.  

 

Laboratory: 

This category includes the costs of privately contracted laboratory tests for 1,274 

medicine samples.* Informed by STARmeds expenditure records. 

 

Other Direct Costs: 

This category includes operational allowances for sample collectors, the cost of 

purchasing medicines from outlets at market prices, as well as a wide range of 

services and consumables e.g., barcoding samples, mobile data packages for the 

field team. All costs are informed by STARmeds expenditure records. 

Principle 8 - The sampling strategy used should be determined by the precision demanded by the 

costing purpose and designed to minimize bias. 

Site/client selection process/criteria 
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Describe 

geographic 

sampling (if 

applicable) 

The STARmeds project was implemented in four medicines of Indonesia (North 

Sumatera, Jakarta, East Java and East Nusa Tenggara (NTT)). The choice of 

geographic area was part of a multi-stage random sample design. 

Describe site 

sampling (if 

applicable) 

N.a. 

Describe 

patient 

sampling (if 

applicable) 

N.a. 

Describe 

methods to 

calculate 

sample size 

Sample size was calculated based on the rule of thumb for single proportions, 

according to which a minimum of 138 samples would be needed to be 95% 

confident that a measured prevalence of 10% substandard or falsified medicines 

reflects the true proportion of poor-quality medicines. 

Principle 9 - The selection of the data source(s) and methods for estimating service use should be 

described, and potential biases reported in the study limitations.    

Identify the 

data source 

used to 

measure the 

units 

Data sources:  

STARmeds financial and administrative records; 

Civil servant's salaries lists (Government Regulation, 2019); and  

Time-and-motion surveys with the expert staff in the field that provided crucial 

information on overtime worked by staff and overhead rates.  

Where 

relevant 

describe the 

sampling 

frame, 

method and 

size: 

The sampling frame for the cost analysis is the same as the sampling frame of the 

STARmeds project. STARmeds collected 1,333 samples, of which 1,274 were 

eligible for testing and 327 were collected online. STARmeds Guide and Toolkit 

includes a version of the study design description adaptable to many settings in 

chapter 3 (see Supplementary file 3) and the units of analysis for the costing study 

are defined based on information in STARmeds administrative records.  

Describe any 

method used 

to fill missing 

data 

No methods to fill in missing information were needed for the costing analysis. 

Principle 10 - Consideration should be given to the timing of data collection to minimize recall bias 

and, where relevant, the impact of seasonality and other differences over time. 

The timing of data collection should be specified in the following ways: 

Timing of data 

collection 

The time horizon covers the calendar period October 2021 – October 2022, during 

which the STARmeds study design, data collection and laboratory analysis took 
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(resource and 

service use) 

place. The scope of the costing exercise includes all resources consumed by 

STARmeds related to all these stages of the study. 

Prospective or 

retrospective 

Retrospective study, referring to the period between October 2021 and October 

2022. 

Longitudinal 

vs cross-

sectional data 

We use longitudinal, daily and weekly data, collected through the development of 

the STARmeds project and cross-sectional data on workload reported by our staff 

members in a single point in time, about 6 months after data collection was 

concluded.   

Recall period, 

where 

relevant 

Workload and overtime were measured through interviews with STARmeds staff 

about 6 months after the conclusion of data collection.  

 

VALUATION AND PRICING 

Principle 11 - The sources for price data should be listed by input, and clear delineation should be 

made between local and international price data sources, and tradeable, non-tradeable goods. 

Report the sources of price data by 

input 

Source: Administrative records 

List of inputs: 

Planning and preparation:  

• Stakeholder engagement  

• Study design 

• Operational preparations  

• Recruit and train data collectors 

Data collection: 

• Fieldwork, physical outlets 

• Online outlets 

• Sample processing 

• Progress monitoring 

• Triage and shipping 

Reporting and analysis: 

• Write up data collection report 

• Record and review results from lab 

 

Source: Indonesian Civil Service salary according to the 

2019 Government regulation 

List of inputs: 
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All study phases: 

• Salary rates and professional level assumed for FTE 

calculations. 

 

Source: Time-sheets and interviews 

List of inputs: 

All study phases: 

• Overtime hours worked per stage; 

• Tasks duration; 

 

Source: Literature and consultation with experts 

List of inputs: 

All study phases: 

• Overhead rate. 

Report inputs where local and 

international prices were used 

All costs are reported is United States Dollar (USD, 

current 2022 values). Since STARmeds expenditure 

reports were submitted in GBP to the study funder, these 

amounts were converted to USD based on the average 

Great British Pound (GBP) to USD exchange rate in 2022. 

Other costs not incurred in GBP were converted from 

Indonesian Rupiahs (IDR) to USD using the average IDR to 

USD exchange rate for 2022. Given the one-year horizon 

(October 2021 – October 2022), no discounting was 

applied. 

Principle 12 - Capital costs should be appropriately annuitized or depreciated to reflect the expected 

life of capital inputs. 

Describe the depreciation approach  
For equipment, we assume a useful life of 5 years and a 

discount rate of 3% to annualize costs. 

Describe any discount rate used for 

capital goods 
N.a. 

Report the expected life years of capital 

goods, and data sources 

An online dashboard based on this costing analysis will be 

available with open access for public consultation. 

Principle 13 - Where relevant an appropriate discount rate, inflation and exchange rates should be 

used, and clearly stated. 
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Describe any discount rate used for 

future costs 
No discounting was applied.  

Describe the reported currency year 
All costs are reported is United States Dollar (USD, 

current 2022 values). 

Describe any conversions made 

Expenditures submitted in GBP were converted to USD 

based on the average Great British Pound (GBP) to USD 

exchange rate in 2022.  

Other costs were converted from Indonesian Rupiahs 

(IDR) to USD using the average IDR to USD exchange rate 

for 2022.  

Report the inflation type and rate used N.a. 

Principle 14 - The use and source of shadow prices for goods and for the opportunity cost of time 

should be reported.  

Methods for valuing the following should be reported:  

Report methods for valuing volunteer 

time 

We record overtime hours worked by STARmeds staff 

through interviews with those who were working in the 

field. Of all the project stages, data collection was the 

most intense and required staff to be available to work 

past the normal working hours for about two months.  

Report adjustments for input prices 

(donated or subsidized goods) 
N.a. 

ANALYZING AND PRESENTING RESULTS 

Principle 15 - Variation in the cost of the intervention by site size/ organization, sub-populations, or 

by other drivers of heterogeneity should be explored and reported. 

Describe any sub-groups or populations 

analyzed 

Cost analysis outputs consist in cost per day and per week 

of fieldwork, per sample collected and per out-of-

specification sample (OOS). These average costs were 

calculated using bootstrapping method to capture 

uncertainty in the number of samples collected, by seller 

location type (urban, rural, and online). 

Describe any statistical methods used 

to establish differences in unit costs by 

sub-group 

Differences in unit costs by sub-groups were not 

applicable. 

Describe any determinants of cost 

(model specification) 

In this micro costing study we aggregate costs by study 

phase and item, studying the relative weight of each 

component on the total costs.  
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Describe any multivariate statistical 

methods used to analyze cost functions 
No multivariate statistical methods were applied. 

Principle 16 - The uncertainty associated with cost estimates should be appropriately characterized. 

Describe sensitivity analyses conducted 

We include a one-way sensitivity analysis, with three 

alternative scenarios where we change average values 

found using STARmeds (keeping all other costs constant): 

A) Increase costs of sampled medicines,  

B) Decrease preparations costs, and  

C) Increase OOS prevalence estimates 

 

List possible sources of bias  

Although we did not include research costs, STARmeds 

project consists in a cross-section survey of medicines at 

poin of dispensing, designed and conducted by 

academics, which can result in a bias towards more 

academic methods. Medicines collected by STARmeds 

were considerably cheap relative to the market average, 

which can result in an underestimation of costs.  

Principle 17 - Cost estimates should be communicated clearly and transparently to enable decision-

maker(s) to interpret and use the results.  

Limitations 

Limitations in the design, analysis, and 

results 

Difficult to completely capture how a medicines’ 
regulator would implement the same type of medicine 

quality study using an example from a research team. 

We did not factor in the cost of policy action towards OOS 

samples (e.g., inquiries, checks, inspections, other 

administrative or legal action) or the potential deterrent 

effect of such action.  

Potential recall bias and data inconsistencies when 

estimating the workload amount.  

Aspects of the cost estimates that 

would limit generalizability of results to 

other constituencies 

STARmeds project collected medicines only on 5 

medicines that are some of the cheapest medicines in the 

Indonesian pharmaceutical market. This can affect the 

generalization of the results to medicines quality studies 

conducted for other types of medicines and other 

countries.  
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Supplementary file 2. Additional tables  

Table A2.1 Medicines tested per molecule  

Molecule name 
Quality test outcome 

Total 
Pass Fail 

Allopurinol 279 18 297 

Amlodipine 240 4 244 

Amoxicillin 269 30 299 

Cefixime 158 37 195 

Dexamethasone 223 16 239 

Total 1,169 105 1,274 

Source: STARmeds prevalence estimates (14). 

Supplementary file 3. STARmeds Guide and Toolkit Chapter 3 (generalizable version of the 

STARmeds study design) 

Conducting Randomised Field Surveys of Medicine Quality Using Mystery Shoppers: A Practical Guide 

and Toolkit (13) 

Study design 

Final study design requires detailed decisions about sampling locations and levels, as well as about 

which products to sample, and how many samples should be collected. These will all flow from the 

overall purpose of the study, and available resources.  

Study aim  

Studies that collect and test medicines from a random sample of outlets at which patients access those 

products generally aim to measure the proportion of samples that do not meet quality standards; or 

the proportion of outlets that dispense or sell medicines that do not meet quality standards; or both. 

Within that broad goal, a study may also be designed to compare measures of quality across a number 

of different dimensions, for example:  

• Geographic area of sale  

• Therapeutic class  

• Price point or brand status  

• Type of outlet or source  

• Country or area of production  
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If the intention is to compare prevalence on any of these dimensions, then it is necessary to ensure 

that sample sizes for each group (for example for each province, or for domestically produced and 

imported medicines) is large enough to allow for a statistically significant difference to be measured 

(see section on sample size calculation below).  

Choosing medicines  

Medicine quality testing involves the use of a (usually expensive) reference standard, and a validated 

testing protocol, the latter specific to the formulation of a medicine (for example, it differs for tablets, 

capsules or dry syrup formulations of the same molecule). This usually limits the number of medicines 

and formats that can be sampled in any study. In practice, the choice of medicines is often dictated by 

the institutional interests of the providers of research funding. However, in order to maximise utility 

to countries where research takes place, other factors should also be considered when choosing 

medicines.  

Public health importance  

Medicines may be chosen for study based on the magnitude of the risk to public health if that 

particular medicine were found to be substandard or falsified. Measuring public health importance is 

not straightforward. It can include measures of:  

• Disease prevalence: how many people are affected by the condition the medicine treats?  

• Patient vulnerability: does the condition affect especially vulnerable people, such as young 

children, or people most likely to lack health insurance or access to public services?  

• Medical consequences of failure: how severely would a patient's health be affected if the 

medicines were substandard? For example, the consequences of substandard paracetamol 

may be a prolonged headache, while substandard chemotherapy may lead to death. 

Medicines with a "narrow therapeutic index" -- including those that are toxic if over-dosed -- 

may have especially severe consequences. 

• Secondary effects of poor quality: for example, substandard antimicrobials could contribute 

to antimicrobial resistance, so that even quality medicines become ineffective.  

• Budgetary impact: does the medicine represent a high burden on the national or on family 

budgets? 

 Quality risk  

Some medicines are at higher risk for being substandard or falsified than others, either for reasons 

inherent in the product, or because of market factors. Studies may wish to focus on medicines at 

higher risk, though if this choice is made, it is important not to imply that the prevalence of poor 

quality in these medicines represents all medicines on the national market.  

Potential indicators of increased risk for substandard products include:  

• Chemical composition: some medicines are less stable than others; less-stable medicines and 

those which are temperature-sensitive are especially likely to degrade;  

• Formulation: complex production techniques or sterile formulations may be at particular risk 

for production errors;  
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• Variety of producers: the more producers there are of a locally-marketed molecule (including 

producers in other countries), the more likely it is that some producers will fail to meet quality 

standards; 

Potential indicators of increased risk for falsified products include:  

• Medicines with severely controlled or restricted distribution: restrictions may apply because 

medicines are used recreationally, or for purposes not authorised locally. Narcotics, 

psychotropics, steroids and abortifacients often fall into this category;  

• Medicines that are very expensive, and not covered by health insurance  

Feasibility  

The choice of medicines have important implications for feasibility of sampling. Before finalising the 

choice of study medicines, the following issues should be considered:  

• Affordability: can the medicine be bought and tested within the available budget?  

• Accessibility: can the medicine be easily acquired from the outlets included in the study 

design, in the volumes necessary for testing? This consideration often rules out the inclusion 

of controlled medicines such as narcotics, and in some settings makes it difficult to sample 

some antibiotics;  

• Handling needs: it may not be practical to include medicines that must be stored and 

transported in particular ways, for example cold-chain products;  

• Capacity for testing: is there a laboratory able and willing to test the medicines and 

formulations chosen?  

• Political acceptability: global health organisations, research funders and governments may 

have programme priorities that do not reflect local public health needs very closely. It will 

usually be easier to get support for the investigation of medicines that treat or prevent 

conditions that are current political priorities, as well as to engage potential users with the 

results of such studies, than it will be to study medicines relating to health areas that are not 

currently in fashion.  

To the extent possible, all of these decisions should be based on recent data. In terms of public health 

importance, for example, data about procurement volumes and values can provide a crude ranking of 

the importance of a medicine in the public system. Bear in mind, however, that raw volumes do not 

translate easily into disease prevalence or patient exposure, because pills per patient vary, and 

medicines for chronic conditions may be taken indefinitely, while those for acute conditions will be 

taken only for a short period. The consultations described in Step 2 on page 8 are essential in order to 

access reliable, recent data, as well as to canvas opinions about which factors to prioritise in choosing 

study medicines.  

Choosing study areas  

The choice of geographic areas in which to collect samples was influenced by the overall purpose of 

the study. Choice of geographic area may be part of a multi-stage random sample design (see section 
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on randomisation techniques on page 18). However, this is likely to be expensive, and feasibility may 

be low. The alternative is to choose sampling areas purposively.  

Explanatory potential  

The areas included in the study have an important bearing on the interpretation of the results. These 

include:  

• Geographic diversity: even if a study is not designed specifically to compare prevalence rates 

between areas, researchers may wish to ensure that different regions are included, based on 

population density, economic development, ethnic or other demographic profiles, or other 

factors;  

• Political or administrative diversity: in countries with decentralised health systems, it may be 

useful to include areas with different models of medicine procurement or dispensing.  

• Comparative data: some areas may be richer than others in information which would add to 

the learning generated from the study (for example previous studies of medicine quality, or 

of medicine procurement or dispensing).  

Supply chain and quality risks  

In some country settings, falsified (and in rarer cases substandard) medicines may cluster 

geographically. For example, unregistered and other smuggled medicines might be found in areas 

bordering countries with weaker medicine regulation or greater availability of affordable medicines. 

Similarly, informal markets -- more easily penetrated by falsifiers -- might be concentrated in a 

particular district or along a trade route. Studies may wish to include or focus on these higher risk 

areas. If this choice is made, it is important not to imply that the prevalence of poor quality in these 

areas represents all medicines on the national market.  

Feasibility  

Issues to consider include:  

• Density of outlets and stock levels: in some areas, for example remote rural districts, it may 

be difficult to buy enough pills to meet testing needs, or to sample from a large enough variety 

of outlets;  

• Local support: the willingness of local authorities or research partners to support or allow the 

research may increase the likelihood that study results contribute to useful policy changes if 

needed.  

Data that may help inform the choice of districts includes data on population density and per capita 

measures of health service availability and use, together with regulatory data on the historical 

distribution of detected cases of falsified or substandard medicines.  

Choosing outlet types  

The country context and the study design will influence decisions about which types of facilities data 

collectors will get samples from.  
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Representativeness  

As with choice of geographic area, the included outlet types will influence the extent to which any 

measured prevalence can be generalised to a nation or region. Things to think about include:  

• Inclusiveness: do the outlets chosen represent all the sources from which patients acquire 

medicines in the study area? Many national authorities restrict post-market surveillance to 

the regulated supply chain which they oversee. However, in many countries, patients also buy 

medicines from sources not technically authorised to sell them, such as street vendors, 

internet vendors, or private midwives, nurses or doctors. All of these de facto sources of 

medicines should be considered when choosing outlets for sampling.  

• Patient exposure: do the outlets chosen represent the sources from which patients get most 

of their medicines, by volume? In some settings, a small number of outlets account for a 

significant proportion of dispensed medicines. (For a detailed description of exposure-based 

sampling see (29)) 

Quality risks  

In most countries, falsified products are much more commonly found in the unregulated supply chain 

(including unlicensed internet vendors and informal markets) than in regular outlets such as hospitals 

or pharmacies which are subject to rules and oversight. Studies may wish to include or focus on these 

higher risk outlets. If this choice is made, it is important not to imply that the prevalence of poor quality 

in these outlets represents all medicines on the national market.  

Feasibility  

Not all outlet types are equally accessible to sampling staff. Issues to consider include:  

• Availability of target medicines: some medicines are only available in hospital settings, or 

other service-specific settings. In addition, some types of outlets do not maintain significant 

stocks of medicines, so it may be difficult to acquire enough pills, bottles or vials to make up 

a viable sample.  

• Permissions and ethical challenges: sampling from some outlets, often including hospitals and 

health centres, may require additional permissions; "mystery shopper" sample collection 

techniques may not be possible so overt sampling may be needed. In areas with limited stocks, 

there is a risk that taking samples for the study might deprive patients of medicines they need 

-- a situation that must be avoided for ethical reasons.  

• Data sources for sample frame: random sampling presupposes that each outlet has an equal 

chance of being selected; a full listing or mapping of potential outlets is thus 13 needed. Some 

outlets, such as itinerant medicine vendors, may be especially difficult to include in a random 

design if resources for mapping are not available.  

Sample size calculations  

The number of samples required depends on the questions researchers want to answer. If the study 

aims to make statistically valid comparisons between the prevalence of poor quality among medicines 

with different characteristics (for example comparing the quality of antibiotics with that of 
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cardiovascular medicines, or comparing medicine quality in rural areas with that in urban areas), each 

comparison must be taken into account when calculating the minimum sample size. Free, on-line tools 

that calculate the sample size needed to estimate a single proportion (prevalence) or the difference 

between proportions are available from several sources. Examples include https://statulator.com/ 

and the Statcalc function in EpiInfo (https://www.cdc.gov/epiinfo/support/downloads.html). These 

require users to input the desired levels of accuracy and an estimate of the baseline prevalence of 

poor-quality drugs, or to determine the difference between proportions. As a general rule of thumb, 

and following the equations for single proportions described in the sources above, 138 samples would 

be needed to be 95% confident that a measured prevalence of 10% substandard or falsified medicines 

reflects the true proportion of poor-quality medicines. Calculating sample sizes to estimate the 

difference between two proportions accurately requires researchers to decide what level of difference 

is worth measuring. For example, if we wanted to be able to measure a 50% difference in prevalence 

between rural and urban areas -- assuming for example that 14% of medicines in rural areas are 

substandard compared with 8% of medicines in urban areas, we would need to sample 929 medicines 

in each area to be 95% confident that our estimates reflect the true difference. The number of units 

(pills, bottles or vials) required for each sample is discussed under testing parameters, in the next step. 

Supplementary file 4. Civil Service salary levels calculations 

We create a hypothetical team from a regulatory agency working on medicine quality surveillance to 

estimate potential salaries expenses from a regulator’s perspective. Salary values were collected from 
the Indonesian civil servant salaries list, using the 2019 Government Regulation. To correspond the 

civil service positions and grade levels to the hypothetical team we created, we made a set of 

assumptions based on seniority. There are 4 grades of civil servant in Indonesia, with grade I being the 

lowest and IV the highest. Generally, each grade corresponds to the following types of professions: 

• Grade I: Employee 

• Grade II: Admin  

• Grade III: Coordinator/Manager 

• Grade IV: Supervisor 

In our hypothetical team, we correspond grade I to assistant level, grade II to data manager, grade III 

to project manager and grade IV to principal investigator (PI).  

The salary values publicly available in the Government Regulation include only basic salaries. In 

addition to that, civil servants receive allowances from the local government, depending on their 

position and the province they work at. There are several types of allowances, including for 

performance, spouses, children, position, workload, transportation, meal, and work traveling, that can 

go up to 4 or 6 times the basic salary. To make a realistic assumption of these values for our 

hypothetical team, we consider allowances for the PI are four times their basic salary, for the project 

manager allowance is the triple of the basic salary, for data manger the double, and for an employee 

the allowance is the same value as the basic salary.  

Salaries and allowances were computed per worker per month and converted from IDR to USD 

currency at 2022 values. Table A4.1 summarizes the assumptions described above.  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2024-015402:e015402. 9 2024;BMJ Glob Health, et al. Valente de Almeida S

https://statulator.com/
https://www.cdc.gov/epiinfo/support/downloads.html


Table A4.1 – Monthly salary assumptions (in USD, 2022 values) 

Hypothetical team 
Assumed Indonesian CS 

position 
Basic salary Allowance Total salary 

Principal Investigator Grade IV (a-e): Supervisor USD 223.1 USD 892.3 USD 1115.4 

Project Manager Grade III (a-d): Coordinator USD 185.2 USD 555.5 USD 740.7 

Data Manager Grade II (a-d): Admin USD 147.5 USD 294.9 USD 442.4 

Assistant  Grade I (a-d): Employee USD 107.0 USD 107.0 USD 213.9 

Source: 2019 Government Regulation and own assumptions.(16) 

Applying these salary rates to the hypothetical core medicine quality team that we assume for 

calculating HR costs in our analysis, the resulting salaries for each position and percentage of time 

spent on STARmeds are presented in table A4.2. 

Table A4.2 Salaries tables – Hypothetical team   

Role Annual 

salary USD 

% of working time spent on STARmeds, by phase 

Preparation 
Data 

collection 

Analysis and 

reporting 

Principal Investigator 10217 50% 50% 50% 

Project Manager 6785 100% 100% 100% 

Data Manager 4052 100% 100% 100% 

Assistant 1 1960 80% 80% 80% 

Assistant 2 1960 80% 80% 80% 

Assistant 3 1960 80% 80% 80% 

Assistant 4 1960 80% 80% 80% 

 

Source: 2019 Government Regulation and own calculations. (16) 

 

Supplementary file 5. Time-and-motion study  

Methods 

The STARmeds data collection can be divided into two major groups of operations, sample 

management and field work (Figure A5.1 Activity-based Costing Diagram). Sample management was 

led by the research team and corresponds to all the activities that made the field work successful. 
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These were divided in three main stages of preparation and planning, data collection support and 

stakeholder engagement, ongoing between September 2021 and May 2022. Field work corresponds 

to all the activities directly involved in samples collection, either physically or online, from going to the 

pharmacy or registering an account with an online seller. The field work was executed throughout 

three months, between mid-February to mid-May 2022. 

Sample management 

The STARmeds research team designed and provided support to all data collection related activities, 

ensuring its flow and success in achieving the target number of samples within a limited timeframe 

(Figure A5.2 shows STARmeds perations flow-chart). To understand the use of time and workload 

involved in this process, a series of three focus group discussions were conducted, after which each 

team member completed a time-use individual questionnaire on the specific activities they were 

involved in. Focus groups discussions happened around six months after data collection was finalized 

and were organized by phase of the project. The first discussion covered activities performed during 

planning and preparation, the second focused data collection support in the field and the last was on 

engagement with stakeholders. Each focus group lasted about one hour, and the invitation was sent 

to all staff members. Each meeting was led by the STARmeds economic evaluation team, using 

guidelines for discussion that were outlined together with team members directly involved in data 

collection. The main objective of these focus groups was to create safe environments for staff to share 

their experience in the field and how they organised their time during that period. Focus groups were 

also useful to clarify key concepts and text interpretations relevant to complete the questionnaire. 

After each focus group, staff completed an anonymous questionnaire that asked them to indicate their 

main role in STARmeds, in which phase of preparation, data collection and stakeholder engagement 

they participated on, how they allocated their time between these phases, how many hours they 

worked per week in each activity of each phase, how many days a week they worked overtime for 

each activity and in what months they worked on each activity the most. They were also asked to rank 

their activities from most to least time-consuming within each phase.  

To translate these data into costs, overtime was counted at the same rate as standard working hours 

(based on Indonesian civil service salary rate) and the adjustment was made in terms of duration of 

the project, i.e., how many extra days would have been needed for researchers to complete the same 

amount of work without compromising their free time. Salaries were adjusted to the time allocation 

reports to account for the fact that data collection preparation and execution activities only occupied 

a fraction of the researcher’s time. For example, if data collection related activities occupied only 20% 
of a data analyst time, to get the staff costs associated to data collection only, we need to multiply the 

salary by 20%, the percentage of the salary that was actually spent on data collection. 

Data collectors training was provided on-line and in person by STARmeds research staff. Two members 

of the research staff were actively involved in recruitment and training of data collectors for about 1 

to 2 hours per day, for two weeks. Once in the field, data collectors often needed to confirm aspects 

related with prescriptions, missing medicines, stock shortages, that needed a quick and clear response 

from the research staff. This support was mostly done through back and forward messaging using 

WhatsApp social network. 
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Engagement with stakeholders happened throughout the whole period of preparing and executing 

data collection and was crucial to ensure the collaboration of local authorities and partner institutions. 

By stakeholders we mean every person or institution that somehow had an impact in our sampling 

activities, from the highest level and the Ministry of Health to the district public health facility doctor. 

The need and process of acquiring administrative permissions was very different across sites and type 

of medicine. In general, to get high-level permits, the first step was getting in contact with high level 

stakeholders from public health departments, which could take from three weeks to several months. 

From there, the permit took from 2 to 3 weeks, depending on the required documents (e.g., 

recommendations letters). In other regions, the permit application process was not fully formalized, 

and it implied a lot of back and forward between different levels of institutions and hospitals. At the 

same time, for some locations there were online platforms to apply for data collection permits that 

were quite straightforward and effective.  

Field work 

To collect time use data of field activities, enumerators were requested to register timestamps 

systematically through the execution of their tasks. To ensure the consistency and quality of these 

data, data collectors training included sessions on how to properly fill the electronic and paper forms. 

All sample collectors were requested to register each sample electronically using KoboToolBox 

software. The data entry form included automatically registered timestamps to measure the time each 

enumerator took to register the sample collected. Data collectors conducting mystery shopping not 

only recorded their timestamps when registering the samples electronically, but also filled in paper 

forms prepared by the research team.  

Online buying was executed by 23 data collectors, of which 10 were STARmeds research staff who 

collected most of the samples (73%). The electronic form monitored the execution of 4 different tasks 

when buying each sample online: open the form, start shopping, finalized for and closing the form.  

Results on average time between tasks by type of area (rural, urban or online) are presented in Table 

A5.1. Figure A5.3 shows average time from getting to the store to filling the form in the different 

regions where data was collected. 
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Figure A5.1 Activity-based Costing Diagram 

 

 

Figure A5.2 Operations flow-chart 

Table A5.1 – Data collected mystery shopping and online 

Area Number of 

Enum 

Number 

samples 

(STATA) 

Samples 

per 

enumerato

r 

Days in 

field 

Samples 

per day 

Time 

between 

tasks 

(min.)* 

Urban 45 775 17,2 30 25,8 18,425 

Rural 16 231 14,4 14 16,5 23,3 

Online 45 329 7,3 46 7,2   
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Figure A5.3 -  Data Collection average time from getting to the store to filling the form 
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