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Executive Summary

The CWTL programme

Can’t Wait to Learn (CWTL) is a curriculum-aligned digital learning programme delivered on a tablet. It
is designed to address some of the many challenges of access to quality education in conflict-affected
settings and employs an educational gaming approach and non-specialist facilitators. The combined
gaming application and programming approach form an implementation package that includes
hardware, software and data management systems, and teacher/facilitator training. This package is
then adapted to each context, working in close cooperation with the Ministry of Education, local
partners, and relevant stakeholders, to ensure CWTL is aligned to the national curriculum.

War Child Holland has conducted multiple mixed-methods research studies on CWTL, with promising
results. There were significant gains in maths competency in two non-controlled, pre-post evaluations
in Lebanon and Jordan (Turner et al. 2022; Riyadh et al., in preparation) and within-group gains in maths
and reading competency in a quasi-experimental study in formal schools in Jordan (WCH, forthcoming).
In a quasi-experimental study in Sudan, significant improvements were identified in maths and reading
competency compared to state-provided education for out-of-school children (Brown et al., 2020).

War Child Holland has been awarded the Global Partnership for Education Knowledge and Innovation
Exchange (GPE KIX) global grant, to generate knowledge and evidence on how education technology
(EdTech) innovations can be adapted and scaled to improve education access and quality for refugee
and displaced children in conflict-affected countries. The current research on the Can’t Wait to Learn
programme under the KIX global grant is taking place in Uganda, Chad, and Sudan.

Can’t Wait to Learn Randomised Controlled Trial in Uganda

As part of the Global Partnership for Education Knowledge and Innovation Exchange (GPE KIX) research,
War Child conducted a cluster Randomised Controlled Trial (cRCT) in Isingiro district, Southwest
Uganda. The evaluation was conducted with over 1500 children in Primary Grade 3 (P3) from 30 public
schools, half of which formed the control group and the other half the intervention group.

Children doing education-as-usual (the ‘control’ group, in terms of the research) do their regular
teacher-led maths and literacy lessons (this ranges from six to eleven lessons per subject, with an
average of eight lessons per subject per week). For children taking part in the CWTL programme (the
‘intervention’ group in terms of the research), 40% of literacy lessons are replaced by CWTL maths and
reading sessions with an additional CWTL afternoon session once a week. The intervention must
therefore be considered to consist of two essential components: a replacement of some classes by the
CWTL game and additional tuition overall.

VM approach

The value-for-money analysis presented below is adapted from the 5E framework?, which considers the
following five dimensions of value for money:

e Economy: how well is money being spent?
E.g., is value for money being achieved in hardware purchases (cost vs quality/durability)?

1 DfID (2020). Value for Money — Guidance for external partners. June 2020.



e Efficiency: how well are inputs being converted into outputs?
E.g. how many children are using each tablet? What is the total cost per child?

e Effectiveness: how well are outputs achieving desired outcomes?
E.g., does the programme lead to improved learning outcomes?

e Equity: how does the programme improve access and learning for marginalised groups?
E.g., does the programme support improvements in access and learning for girls, refugees,
children with disabilities?

e (Cost-Effectiveness: What is the intervention’s ultimate impact, relative to the inputs invested?
E.g., how much extra learning is achieved for every extra Euro spent? Is this extra learning
equitably distributed?

Data collection

Cost data comes largely from invoices and financial reports, all reported in Euros. This was
supplemented with estimates of WCH staff time contributions, since these are not allocated to projects
in financial reports (this was generated by asking staff to complete a questionnaire, with the data
verified through 1-1 conversations and emails).

Programme effectiveness was measured by assessing numeracy and reading competency at baseline
and endline with bespoke assessment tools based on the Early Grades Reading Assessment, Early
Grade Maths Assessment and similar assessments used internationally. The psychometrics of the
tools were tested in a feasibility study and indicated good reliability and validity. Thirty schools were
randomly assigned to either the intervention (receive the CWTL intervention) or control (do not
receive CWTL intervention) groups. The research sample was generated by choosing at random fifty
children from each research class to take part in the assessment, although this figure was slightly
higher in some classes.

Baseline data was collected over a two-week period in May 2022 and endline data over a two-week
period in November 2022, giving a study period of six months. The implementation period for the
research study was two school terms. Endline assessments were conducted with all children who could
be found (whether in school or not): of a total of 1507 who completed the baseline assessment, 1438
took the endline assessment, i.e., 4.6% of children were lost to follow up. 109 children (7.2% of the
baseline sample) left the research school (either dropped out or changed school) but still took the
endline assessment.

Results

Economy and efficiency

Total expenditure on CWTL in Isingiro during the study period was found to be €208,313 or €167 per
child, with hardware costs (tablets and solar systems) making up the bulk of spending and training
most of the rest. Staff costs are concentrated at the district level, reflective of the maturity of the
programme in Uganda.

These hardware costs will continue to have value beyond the six months of the study period, e.g., the
tablets have a lifetime of a few years, solar panels around 20 years. Furthermore, six months may be a
usual length for a research programme, but any kind of MoE or NGO intervention would likely have a



far longer timeframe. It is therefore more informative to a VfM assessment to consider how much the
programme would cost per year if the programme was implemented over a multiyear period.

Exactly how this should be done depends on what scenario is being planned for. We considered three
ways of calculating these costs:

e Costsannualised over lifetime using a 3% discount rate —this scenario gives the true annualised

cost of the programme in a scenario where it is implemented over a longer time period.

e Costs annualised over four years (a typical funding cycle length) using a 3% discount rate — this

scenario may be more relevant where funding is secured for a limited period of

implementation.

e Annual recurrent costs only —this scenario is relevant where hardware has been procured and

set-up completed, and it is appropriate to consider only the ongoing implementation costs. We

have adjusted recurrent RCT costs to reflect a full year of implementation.

The results of these calculations are presented in Table Al.

Table Al: Costs per child per year

With set-up costs
annualised over lifetime

With set-up costs
annualised over four years

Recurrent costs only
(12 months)

per year

Programme | % overall Programme % overall Programme % overall
Set-up costs €37 34% €48 39%
Tablet costs €19 17% €19 16%
Tablet accessories €7 7% €4 3%
Solar panels €1 1% €5 4%
Batteries €6 5% €7 6%
Inverter/chargers €2 2% €5 4%
Installation €2 2% €8 6%
Storage boxes €0.1 0.1% €1 0.4%
Game update €0.1 0.1% €0 0.1%
Recurrent costs* €73 66% €73 61% €73 100%
Training €38 35% €38 32% €38 52%
Data €0.01 0.01% €0.01 0.01% €0.01 0%
Travel/transport €1 1% €1 1% €1 1%
costs
Contribution to €2 1% €2 1% €2 2%
office running costs
Field level staff €24 21% €24 20% €24 32%
Country level staff €5 4% €5 4% €5 7%
Global programme €4 39% €s 3% €2 59%
management
Total cost per child | ., 100% €121 100% €73 100%

* We have adjusted recurrent RCT costs to reflect a full year of implementation.



Effectiveness

We estimated the impact of the program? using a Differences-in-Differences (DID) strategy. Table 7
shows results of this analysis. We find a positive and significant effect for literacy and numeracy scores,
as well as overall. The intervention effect size of 0.27 SD units on the overall score is considered a large
effect size by the standards of education RCTs (Kraft, 2018).

Table A2: Treatment effects, averages

Control ‘ Intervention ‘ Difference-in-Differences
Literacy 0.00 0.76 0.29 1.32 0.28%** 0.1 0.08 0.48 0.007 1507
Numeracy 0.00 0.69 0.15 1.03 0.19** 0.07 0.04 0.34 0.016 1507
Overall 0.00 0.82 0.25 1.34 0.27*** 0.08 0.10 0.43 0.003 1507

Note: *** ** and * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.

Figure 3: Baseline-endline change for intervention and control presents the above result for the
overall score in a graph. The estimated impact of the program corresponds to the additional gain in
the average overall test score experienced by children in the intervention group (1.34-0.25=1.09)
relative to children in the control group (0.82-0=0.82): 1.09-0.82 = 0.27 SD units. Figure 4 presents
the results of the full distribution of learners (rather than the means as represented in Table 7 and
Figure 3) and highlights how the programme impacted positively at all points of the learning
distribution.

Figure Al: Baseline-endline change for intervention and control, means
uw

-—

o

T T
Baseline Endline

—8&— Treatment —®&—— Control

Note: Seores have been normalized with respect to the baseline distribution in the control group.

Figure A2: Baseline-endline change for intervention and control, full distribution

2 Results are also analysed in a separate piece of work conducted by Samantha Bouwmeester. That analysis used
gender and attendance as co-variates. In order to analyse the impact of these two variables, it was decided to
conduct a separate analysis for this VfM study using a simple difference-in-difference approach. It is worth noting
that our estimates for intervention effect on each sub-task are generally higher, we assume as controlling for
attendance reduces the effect size. For the literacy and numeracy total scores, our estimates match those from
the other analysis.
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Note: Scores have been normalized with respect to the baseline distribution in the control group.

We translate these effect sizes into equivalent years of learning by expressing the SD gain in the
intervention group as a multiple of the SD gain in the education-as-usual setting (i.e., in the control
group) during the research period of six months, or two terms. The control group saw an improvement
of 0.82 SDs compared to an improvement of 1.09 SDs in the intervention group over the same period
(see Table 7). As there are three terms in a year, we multiply these figures by 1.5 to get an estimate of
the learning gains over one academic year (assuming linear progress), making 1.23 SD gains for the
control group and 1.63 for the intervention group, i.e. 33% more SDs than the control group. We can
therefore estimate that the CWTL intervention results in children ‘gaining’ 0.33 years of schooling
compared to the status quo if conducted for the full academic year. These calculations are presented
in Table 8.

Table A3: CWTL impact in terms of equivalent academic years.

Control SD gains over 6 months (a) 0.82 | SD units

One academic grade therefore (b = a*1.5) 1.23 | SD units

Intervention SD gains over 6 months (c) 1.09 | SD units

Intervention progress for one year (d = c*1.5) 1.64 | SD units

One 'CWTL year' therefore equivalent to (e = d/b) 1.33 | academic grades
Equity

Table 12 presents the results of DID analysis for children with different characteristic. Each row in the
table corresponds to a separate DID estimate calculated using data only for the reported sub-group.
The intervention effect is found to be positive and significant for all sub-groups,® but the magnitude of
the effect size does differ: girls gain more than boys; those without disability gain more than those with;
and those with lower SES gain more than those with higher SES. At the 90% confidence level, the

3 Intervention effect for the ‘some disability’ group is only significant at the 90% confidence level; this is likely due
to the smaller size of this group.
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differences in effect sizes between these comparison groups was only found to be significant for no
disability vs. some disability; we cannot discount the possibility that the differences in effect sizes
between boys and girls and between low SES and high SES was due to chance. We must note though
that the study was not designed to test for differences across subgroups and this type of analysis is
likely underpowered, particularly along the disability dimension as only 19% of children were
categorised as having some disability.

Table A4: Difference-in-difference estimates for overall score by groups of equity concern
Difference-in-Differences

Estimate | SE  Cllb Club p

Overall 0.27*** |1 0.08 | 0.1 | 0.432 | 0.00 | 1507
Female 0.32*** | 0.09 | 0.13 | 0.512 | 0.00 | 734
Male 0.21** | 0.09 | 0.02 | 0.393 | 0.03 | 773
No disability 0.28*** | 0.08 | 0.11 | 0.455 | 0.00 | 1222

Some disability 0.17* 0.08 0 0.344 | 0.06 | 285
SES: Bottom half | 0.30*** | 0.1 0.1 | 0.507 | 0.01 | 753

SES: Top half 0.22*** | 0.08 | 0.06 | 0.376 | 0.01 | 752
Note: *** ** gnd * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.

Cost-effectiveness

From the data presented above, it is possible to make some assessment of cost-effectiveness. We take
costs as presented in Table 4 and compare this to the effect size (difference-in-difference for
intervention-control, baseline-endline, 0.27) to calculate cost per additional SD of learning. An
alternative metric is the amount of SD change that €100 buys. These calculations for our three different
scenarios are presented in Table 14.

Table A5: Calculating cost per additional SD of learning of the CWTL intervention

Annualising Annualising
costs over costs over four
years

Recurrent
costs only*

Cost per child per year

Intervention effect (DID SD gain) extrapolated to
one year

Cost per standard deviation gain in learning

Additional SD per €100

We have adjusted recurrent RCT costs to reflect a full year of implementation, which matches assumptions about
treatment effects.

An alternative way of expressing the cost-effectiveness of the programme is in terms of the equivalent
years of schooling ‘bought” with the intervention. Above, we estimated that the CWTL intervention
leads to students gaining the equivalent of 0.33 more years of schooling (see Table 8). Assuming linear
trends, we might therefore expect CWTL to lead to a gain of one whole academic years’ worth of
learning after just over 3 years (3.08 years to be precise). Table 16 takes these assumptions and
presents the cost per additional year of learning for our three different scenarios.

Table A6: CWTL costs in terms of additional years of schooling

12



Annualising Annualising Recurrent

costs over  costs over costs
lifetime four years only*
One 'CWTL year' in terms of equivalent academic grades (a) 1.32
Cost per child per year of CWTL (b) €111 | €121 | €73
Years necessary to gain one academic year equivalent
(c=1/(a-1)) 3.08
Cost per additional year of learning (d=b*c) €341 | €373 | €226

We have adjusted recurrent RCT costs to reflect a full year of implementation, which matches assumptions about
treatment effects.

Discussion

Cost per child of the intervention is estimated at €111 per year, including hardware (solar, tablets,
accessories), training and coaching, and implementation. This is comparable to other INGO
interventions (see Jones 2019) but around 2.8 times the cost of regular schooling (estimated at €39 per
child per year). Considering recurrent costs only, the intervention is estimated at €73 per child per year
additional to EAU.

The treatment effect (difference between learning gains in intervention and control groups) was found
to be positive, significant, and large (0.27 SDs, p=0.003). This large effect size implies that the CWTL
intervention leads to children learning at a rate 33% faster than they would in education-as-usual.

It can be said, therefore, that this analysis finds evidence that the CWTL programme can contribute to
children progressing one-third of an academic year additional to what they would have achieved for a
cost of €111 (or €341 to advance one whole academic year; considering recurrent costs only this would
be €226). Another way of expressing this data is by saying that €270 (or €179 considering recurrent
costs only) can buy one SD gain in learning; this is the equivalent of moving a child from the 75"
percentile to the 25 percentile.

It must be emphasised that the CWTL intervention consists not only of learning through gaming but
also of more overall maths and literacy tuition time. It is therefore not possible to state how much of
the learning gains are through the change in pedagogy and how much is through increasing maths and
literacy tuition time.

The costs of CWTL are found to be very high compared to regular schooling. Even so, CWTL might still
be considered a good VfM programme as a) children are learning at an unacceptably slow pace in
regular schooling® and b) its costs compare favourably to other evidenced short-term investments (see
Jones 2019; a synthesis report updating this research is to follow). Another possibility would be to use
CWTL as an accelerated learning programme for children currently not accessing regular schooling.

Although the study was not powered to identify differential impacts between groups, the findings
suggest that the intervention benefits girls more than boys and those from low socio-economic
backgrounds compared to those from high socio-economic backgrounds. This provides evidence to
support the hypothesis that CWTL is an effective intervention for addressing some types of
disadvantage and thereby supporting progress towards SDG4 and learning equality.

4 As evidenced by the 83% learning poverty rate (see World Bank 2021).
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1. Background

The CWTL programme

Can’t Wait to Learn (CWTL) is a curriculum-aligned digital learning programme delivered on a tablet. It
is designed to address some of the many challenges of access to quality education in conflict-affected
settings and employs an educational gaming approach and non-specialist facilitators. CWTL was first
developed in Sudan for children living in areas where formal education infrastructure was unavailable,
and quasi-experimental pilot results indicated significant learning gains in numeracy over six months
(Stubbé et al. 2016). War Child Holland (WCH), with national and international partners, built upon
these findings to further develop the programme design and research tools, add games focused on
reading and in more languages, and adapt the programme to other country contexts. The combined
gaming application and programming approach form an implementation package that includes
hardware, software and data management systems, and teacher/facilitator training. This package is
then adapted to each context, working in close cooperation with the Ministry of Education, local
partners, and relevant stakeholders, to ensure CWTL is aligned to the national curriculum.

War Child Holland has since conducted multiple mixed-methods research studies on CWTL, with
promising results. There were significant gains in maths competency in two non-controlled, pre-post
evaluations in Lebanon and Jordan (Turner et al. 2022; Riyadh et al., in preparation) and within-group
gains in maths and reading competency in a quasi-experimental study in formal schools in Jordan
(WCH., forthcoming). In a quasi-experimental study in Sudan, significant improvements were identified
in maths and reading competency compared to state-provided education for out-of-school children
(Brown et al., 2020). Qualitatively, this study reported benefits to children’s psychosocial wellbeing,
including increased hope, self-esteem and self-confidence, motivation, social interaction, and
collaboration, and reduced emotional and behavioural problems. These qualitative findings were
mostly supported by quantitative data (Brown et al., 2020; de Hoop et al., under review; Turner et al.,
2022).

War Child Holland has been awarded the Global Partnership for Education Knowledge and Innovation
Exchange (GPE KIX) global grant, to generate knowledge and evidence on how education technology
(EdTech) innovations can be adapted and scaled to improve education access and quality for refugee
and displaced children in conflict-affected countries. KIX is a joint initiative from the Global Partnership
for Education and the International Development Research Centre, aiming to connect expertise,
innovation, and knowledge to strengthen education systems and accelerate progress toward
Sustainable Development Goal 4 in GPE partner countries. The current research on the Can’t Wait to
Learn programme under the KIX global grant is taking place in Uganda, Chad, and Sudan.

Programme variations and research studies to date are presented in Annex 1.

CWTL in Uganda

Can’t Wait to Learn implementation in Uganda started in May 2018 in one school, with the launch of
War Child’s first Can’t Wait to Learn numeracy game in English. The reading game was launched in
January 2019 with a funding from ECHO under a consortium called INCLUDE. Can’t Wait to Learn is
aligned with the national P3 curriculum, with all content approved by the National Curriculum
Development Centre (NCDC). CWTL sessions consist of facilitated but self-directed study through
gaming, with each child working by themselves on an individual tablet. Children complete exercises in
‘mini-games’ working through the game environment progressively. Their progress is saved, and they
pick up where they left off the next session. As of June 2023, Can’t Wait to Learn is implemented in 39
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schools across Uganda, including in Bidibidi, Rhino Camp, Kyaka Il, Kyangwali, Nakivale and Oruchinga
settlements, and Isingiro and Luwero districts.

Can’t Wait to Learn is currently implemented in mainstream and AEP (Accelerated Education
Programme; the official track to channel out of school and overage learners into mainstream), inside
and outside of the refugee settlements, and by WCH, partners, and the government. The programme
formed part of the government’s COVID-19 emergency education response while schools were closed
for 23 months, the longest school closure worldwide during the COVID-19 period. It also supported
emergency education response with new arrivals from Democratic Republic of Congo during the surge
in arrivals during April 2022. As of December 2022, Can’t Wait to Learn has reached 21,923 children in
Uganda.

Can’t Wait to Learn Randomised Controlled Trial in Uganda

As part of the Knowledge and Innovation Exchange (KIX) research, War Child conducted a cluster
randomised controlled trial (cRCT) in Isingiro district, Southwest Uganda. In this evaluation, CWTL was
implemented with over 1500 children in Primary Grade 3 (P3) from 30 public schools.

Children doing ‘education-as-usual’ (the ‘control’ group, in terms of the research) do their regular
teacher-led maths and literacy lessons (this ranges from six to eleven lessons per subject, with an
average of eight lessons per subject per week). For children taking part in the CWTL programme (the
‘intervention’ group in terms of the research), 28% of maths and 25% of literacy lessons are replaced
by CWTL maths and reading sessions with the remainder of CWTL sessions replacing afternoon lessons
(usually games or remedial classes). Children in the intervention group had approximately 45% more
Maths and English instruction time than the control group®. The intervention must therefore be
considered to consist of two essential components: a replacement of some classes by the CWTL game
and additional tuition overall.®

The intervention design was for there to be three CWTL sessions per subject, two replacing existing
maths/literacy lessons and one to be additional. In Term 2, almost all schools implemented three CWTL
sessions additional to regular classes with none replacing regular classes (three schools had two classes
replacing regular classes and one additional). Due to teacher strikes, resultant school closures, and
delays in distributing tablets, the number of weekly CWTL sessions in Term 3 were increased to four. In
Term 3, fidelity was improved such that the median school implemented 2.5 CWTL sessions per subject
as replacement for the regular curriculum and two sessions in addition.

> Implementation is different across different schools and across time (as fidelity to the programme design was
improved in Term 3); on average, it is estimated that the intervention group had 46% more maths tuition time
and 44% more literacy tuition time, though as some of the CWTL sessions replaced remedial maths and literacy
sessions this is likely an overestimate of the extra tuition time the intervention group received.

® Noting the above, this cannot be stated with certainty; it may be that overall tuition times were similar for some
children.
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Report outline
The remainder of the report is organised as follows:

Section 2 presents the overall methodology of this value-for-money (VfM) analysis, data collection,
and discusses limitations to the approach.

Section 3 presents a discussion of the programme’s value for money following the 5Es approach
(Economy, Efficiency, Effectiveness, Equity, and Cost-Effectiveness).

Section 4 presents the conclusions and recommendations based on our analysis.
Section 5 contains the bibliography.

The Annex contains further details on methodology and findings.
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2. Methodology
VfM approach

The value-for-money analysis presented below is adapted from the 5E framework’, which considers the
following five dimensions of value for money:

Economy: how well is money being spent?

E.g., is value for money being achieved in hardware purchases (cost vs quality/durability)?
Efficiency: how well are inputs being converted into outputs?

E.g. how many children are using each tablet? What is the total cost per child?

Effectiveness: how well are outputs achieving desired outcomes?

E.g., does the programme lead to improved learning outcomes?

Equity: how does the programme improve access and learning for marginalised groups?

E.g., does the programme support improvements in access and learning for girls, refugees,
children with disabilities?

Cost-Effectiveness: What is the intervention’s ultimate impact, relative to the inputs invested?
E.g., how much extra learning is achieved for every extra Euro spent? Is this extra learning
equitably distributed?

This framework is conceptualised in Figure 1.

Figure 1: 5Es value-for-money framework
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The strength of this approach is that it analyses all levels of programme costs and benefits. The central
cost-effectiveness measure resulting from this approach is, in essence, a cost-benefit ratio (cost per
standard deviation learning gain), which allows comparison to other programmes and consideration of
overall value for money. By also analysing economy and efficiency, this approach considers whether
input and process decisions are optimised, therefore providing guidance on how to improve cost-
effectiveness (e.g., by suggesting looking for savings through increasing child-tablet ratios or decreasing
class size). Equity must also be considered, since reaching marginalised communities is assumed to be

7 DfID (2020). Value for Money — Guidance for external partners. June 2020.
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of inherent value and tends to cost more. Without including equity, VfM analysis might otherwise point
a programme towards ‘low hanging fruit’, such as urban children already in school. This study therefore
analyses learning gains by gender, socio-economic status (SES) and disability status.

Data collection

Cost data comes largely from invoices and financial reports, all reported in Euros. This was
supplemented with estimates of WCH staff time contributions, since these are not allocated to projects
in financial reports (this was generated by asking staff to complete a questionnaire, with the data
verified through 1-1 conversations and emails).

Data on regular school costs was collected through interviews with school leaders and other key staff
during multiple school visits.

The present analysis was conducted using the participants and data from a cluster randomised
controlled trial (cRCT). Programme effectiveness was measured by assessing numeracy and reading
competency at baseline and endline with bespoke assessment tools based on the Early Grades
Reading Assessment, Early Grade Maths Assessment and similar assessments used internationally.
The psychometrics of the tools were tested in a feasibility study and indicated good reliability and
validity. Thirty schools were randomly assigned to either the intervention (receive the CWTL
intervention) or control (do not receive CWTL intervention) groups. The research sample was
generated by choosing at random fifty children from each research class to take part in the
assessment, although this figure was slightly higher in some classes (see Annex 2).

Baseline data was collected over a two-week period in May 2022 and endline data over a two-week
period in November 2022, giving a study period of six months. The implementation period for the
research study was two school terms. Endline assessments were conducted with all children who could
be found (whether in school or not): of a total of 1507 who completed the baseline assessment, 1438
took the endline assessment, i.e., 4.6% of children were lost to follow up. 109 children (7.2% of the
baseline sample) left the research school (either dropped out or changed school) but still took the
endline assessment.

Details on further assumptions made are presented throughout the report and summarised in Annex
2.
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3. Value-for-money analysis

As described above, five dimensions of VfM are considered: economy, efficiency, effectiveness, equity,
and cost-effectiveness. Economy and efficiency are considered together, as they are difficult to
untangle and in combination lead to cost-per-child-per-year figures.

In the following analysis, the costs of the CWTL programme setup and its implementation are
considered. Since the programme is operating within a regular school environment, the costs outlined
below exclude some costs necessary to operation, such as teacher and building costs. The final part of
this section examines the costs of regular schooling (to which the CWTL intervention is additional).

Programme set-up costs such as game development and partnership development have not been
considered in this report since they were not incurred during the study period. Nonetheless, some game
update costs are included as these are considered a recurring cost.

Economy & Efficiency

Economy refers to the way money is spent to purchase programme inputs (e.g., the cost of tablets, the
cost of venues for training). Efficiency refers to how these inputs are converted into outputs (e.g., the
cost per child per tablet, the cost per facilitator trained). One way to think about this is that economy
is the value for money of the item purchased, while efficiency is the cost of that item for each child
using it. The cost per child of the whole programme is the ultimate measure of economy and efficiency.

Total expenditure

CWTL expenditure for this study was calculated using a mix of financial records and estimates of staff
time. The process and results of this analysis are presented in Annex 1.8

These costs were then grouped under the following headers:

e Set-up costs

o Tablets and associated — cost of the tablets, protective covers, SD cards, headphones,
and storage boxes; as well as taxes, delivery, and import/customs fees.

o Solar energy systems — cost of the panels, batteries, inverters and chargers, and other
accessories; as well as delivery and installation.

o Game update costs — cost of software developers as well as estimate of in-house staff
time needed to adapt the games to the version of Android used in the current CWTL
programme implementation.

e Recurrent costs

o Training costs — cost of training teachers and district officials (accommodation, venue
hire, meals, materials, per diems, transport), as well as staff time associated with
training content development.

o Additional delivery costs — cost of data, travel, and contributions to office costs in
Isingiro and Kampala.

o District level staff — estimates were made of Isingiro staff time associated with CWTL
in Isingiro.

8 For those interested in the detailed calculations and process, please contact WCH.
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o Country level staff — estimates were made of Kampala staff time associated with the
CWTL in Isingiro.

o Global programme management —includes estimates of non-Uganda-based staff
time associated with the CWTL in Isingiro plus proportional share of server costs.’

Total costs are presented in Table 1.

Table 1: CWTL Uganda total expenditure
Total

. Percentage

expenditure

. . of overall Notes

including set-up

. costs

period
Set-up costs €147,349 71%
Tablets 28% From invoices, financial reporting,

€58,825 0 and estimates of staff time
Tablet accessories 6%

€11,716
Solar panels 29 From invoices and financial

0 .

€15,129 reporting
Batteries €20,948 10%
Inverter/chargers €15,388 7%
Installation € 23,534 11%
Storage boxes €1,610 1%
Game update €199 0% Estimated
Recurrent costs €60,963 29%
Trainin 15% From financial reporting and

g €31,988 0 estimates of staff time

Data 0% From financial reporting

€12
Travel/transport costs €733 0% From financial reporting
Contribution to office running costs €1,309 1% From financial reporting
District level staff €19,714 9% Estimated
Country level staff €4,054 2% Estimated

Estimated, includes staff and

Global programme management 2% !

€3,153 server costs
Total costs €208,313 100%

Hardware costs (tablets and solar) make up the bulk of spending, with training making up most of the
rest. Staff costs are concentrated at the district level, reflective of the maturity of the programme in
Uganda.

It is worth emphasising this last point —13% of costs went to programme management, with the shares
at county and global level just 2% each. For the 2019 VfM analysis, it was modelled that in-country
programme management costs accounted for 24% of total costs and global programme management
42% (a combined total of 66%). In Chad, where the programme is far less established, field programme

9 WCH pay a fee for the server that stores all CWTL game and user data. A proportional share was allocated to the
Uganda RCT study.
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management costs accounted for 31%, country level programme management 20%, and global
programme management 14% (making a combined total of 65%).

Tablets, headphones, SD cards and screen protectors were procured twice for the programme, one
large international order and a smaller order procured locally once it was realised that the P3 enrolment
figures had risen significantly between Term 1 and Term 2, explained by school staff as a result of
gradual (re)enrolment in school following Covid-19 school closures. Tablets bought through
international procurement were cheaper than those bought locally, with the unit cost of one tablet and
set of accessories being €166 compared to €207.2° As well as considering unit costs, the staff time
involved in different types of procurement was included in the financial data, plus the time required for
delivery should also be considered. Given the large difference in unit cost however, it would seem that
international procurement should be favoured, with local procurement reserved for when speed of
delivery is critical.

Annualised costs

Much of the costs outlined above are set-up costs which will continue to have value beyond the six
months of the research trial, e.g., the tablets have a lifetime of a few years and the solar far longer.
Furthermore, six months may be a usual length for a research programme, but any kind of MoE or NGO
intervention would likely have a far longer timeframe. It is therefore more informative to a VfM
assessment to consider how much the programme would cost per year if the programme was
implemented over a multiyear period.

Exactly how this should be done depends on what scenario is being planned for. Below we present
three ways of calculating these costs:

e Costsannualised over lifetime using a 3% discount rate —this scenario gives the true annualised
cost of the programme in a scenario where it is implemented over a longer time period.

e Costs annualised over four years (a typical funding cycle length) using a 3% discount rate — this
scenario may be more relevant where funding is secured for a limited period of
implementation.

e Annual recurrent costs only — this scenario is relevant where hardware has been procured and
set-up completed, and it is appropriate to consider only the ongoing implementation costs. We
have adjusted recurrent RCT costs to reflect a full year of implementation.

First, we consider the lifespan of investments made to set-up the programme. Assumptions are
presented in Table 2.

Table 2: Life span of set-up investments

Investment L|fespan.
assumption

Tablets 4 years

Tablet accessories 2 years

Solar panels 20 years

Batteries 5 years
Inverter/chargers 11 years

Solar installation/accessories 20 years

Game update 4 years

10 Both are these are much higher than the €121 cost found in Uganda for the 2019 VfM analysis. Inflating to 2022
prices this would be €126 (using inflation rate data from IMF website).
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A further set-up cost is the human resource input necessary to get the programme up and running in a
new setting. These are not included here for a similar reason as we did not include game development:
this is a sunk cost and will not be needed to maintain or expand the programme, unlike, say, tablet
costs, which will be incurred again at some point. In Uganda, these investments were made in
2017/2018 when the programme was established.

Next, we calculate annualised costs. For recurrent costs, we double the costs of the implementation
under analysis since implementation took place over six months (noting that this is likely an
overestimate as work would be limited during the school holidays). For set-up costs, we do two
alternative calculations: (i) divided by their life expectancy; (ii) divided by their life expectancy or four
years (typical programme length), whichever is least. For example, it is assumed that tablets last four
years, so in both scenarios total expenditure on tablets is divided by four to get an annualised cost. For
recurrent costs, recurrent expenditures during the research period were assumed to be representative
of that needed to sustain the programme and therefore doubled to get annualised costs (as noted
above, this is likely an overestimate of true costs as workload is likely to be less during school holidays).
Table 3 presents the results of this analysis.

Table 3: Programme costs, annualised

With set-up costs

. Recurrent costs only
annualised over four

With set-up costs

annualised over lifetime (12 months)
years
Percentag Percentag Percentag
Programm e of Programm e of Programm e of
e costs overall e costs overall e costs overall
costs costs costs

Set-up costs €46,419 34% €63,918 41%
Tablet and associated

€ 23,738 17% € 23,738 15%
costs
Solar panels €9,184 7% €9,184 6%
Batteries €1,525 1% €6,105 4%
Inverter/chargers €6,861 5% €8,453 5%
| llati i
snsta ation/accessorie €2.495 2% €6,210 4%
Storage boxes €2,373 2% €9,497 6%
Game update €162 0.1% €650 0.4%
Recurrent costs €91,445 66% €91,445 59% €91,445 100%
Training €47,981 35% €47,981 31% €47,981 52%
Data €18 0% €18 0% €18 0.02%
Travel/transport costs €1,100 1% €1,100 1% €1,100 1%
Contribution to office
running costs €1,964 1% €1,964 1% €1,964 2%
Field level staff €29,572 21% €29,572 19% €29,572 32%
Country level staff €6,081 4% €6,081 4% €6,081 7%
Global programme
management €4,730 3% €4,730 3% €4,730 5%
Total cost per year €137,864 100% € 155,363 100% €91,445 100%

The picture in both full programme investment scenarios is similar: we see that set-up costs still account
for the majority of costs, but the share for hardware is massively reduced (in fact the 66/34 split is
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revered), particularly for that associated with solar energy systems. Training now takes the biggest
share of expenditure, closely followed by field level staff costs.

Of approximately €91,000 per year recurrent costs, 52% is for training; 32% is for field level staff and
the remaining 16% account for country level staff, global staff, and additional delivery costs.

Cost per child

We now calculate the cost per child per year of the CWTL intervention and each of its components
under these three different scenarios. During the research period in Uganda, there were 1247 children
enrolled in classes that received the CWTL intervention and played the game.

Table 4: Costs per child per year

With set-up costs With set-up costs Recurrent costs only
annualised over lifetime | annualised over four years (12 months)
Programme % overall Programme % overall Programme :/overall
costs costs costs costs costs
costs
Set-up costs €37 34% €48 39%
Tablet costs €19 17% €19 16%
Tablet accessories €7 7% €4 3%
Solar panels €1 1% €5 4%
Batteries €6 5% €7 6%
Inverter/chargers €2 2% €5 4%
Installation €2 2% €8 6%
Storage boxes €0.1 0.1% €1 0.4%
Game update €0.1 0.1% €0 0.1%
Recurrent costs* €73 66% €73 61% €73 100%
Training €38 35% €38 32% €38 52%
Data €0.01 0.01% €0.01 0.01% €0.01 0%
Travel/transport costs €1 1% €1 1% €1 1%
Contrlbutlon to office €2 1% €2 1% €2 2%
running costs
Field level staff €24 21% €24 20% €24 32%
Country level staff €5 4% €5 4% €5 7%
Global programme €4 3% €s 3% €2 59%
management
I:;?' cost per child per | ¢ 19 100% €121 100% €73 100%

* We have adjusted recurrent RCT costs to reflect a full year of implementation.

Different child-tablet ratios

This intervention had a targeted child-tablet ratio of 2:1, which was ultimately achieved in all
schools®!, although some schools started the programme with a tablet ratio of 3:1 due to increases in
enrolment between Term 1 and 2. If higher child-tablet ratio reduce the effectiveness of the
programme, this implementation was sub-optimal: it would have better to have bought all the tablets
at the beginning of the programme. There was also a cost impact of this staggered procurement,
which is explored in the next section.

1 The exact final child-tablet ratio was 2.06:1.
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Clearly, adjusting the child-tablet ratio has an impact on costs. Using the average tablet costs of €173
(across the two procurements, including accessories, taxes and delivery charges), we generate the data
presented in Table 5. Different child-tablet ratios are presented in the first column (with that achieved
in this trial in italics); the resultant tablet cost for the programme (including accessories, taxes and
delivery charges) in the second; the Euro impact on tablet costs per child for the programme in the
third; the final column presents the impact that this would have on overall costs, assuming a four-year
implementation period. We see that within the child-tablet ratio range of 2 to 5, the impact on overall
costs is within 10%. Targeting a 1:1 ratio would increase costs by 19%. Targeting overall cost savings of
more than 10% would require a ratio of 6:1 or greater.

Table 5: Cost implication of adjusting child-tablet ratio

Change in Percentage
Child-tablet Tablet cost tablet costs ..
ratio per child compared to reduction in
total costs*
present use
1 €117 +€ 60 +13%
2 €58 +€2 +0.4%
2.06 (actual) €57 €0 0%
3 €39 -€£18 -4%
4 €29 -€£27 -6%
5 €23 -€£33 -7%
10 €12 -€45 -10%

*Assuming a four-year implementation period

The 2:1 ratio was chosen to reduce the number of sessions necessary to deliver the intervention. A
ratio of 3:1 is also believed to be feasible within the regular school timetable; the cost difference
between these two scenarios is €18 per child, or 4% of total costs. (Note, we make no judgement on
the impact on effectiveness of a higher child-tablet ratio; this would need to be tested experimentally).

Any child-tablet ratios above 3:1 are believed to require children staying after school or arriving early
which is challenging, can have security risks (e.g. children walking home in the dark), and likely
exacerbates inequalities (e.g. those with household chores, those of lower socio-economic status,
girls, single parent/child-headed families).

Effectiveness

Primary analysis: standard deviation gains

Effectiveness of the programme was measured with a combined numeracy and literacy assessment.
The assessment consisted of 186 items (94 literacy and 91 numeracy) over 15 sub-topics (9 literacy
and 6 numeracy). The list of sub-topics is presented in Table 6.

These sub-tasks scores were combined to create total numeracy and total literacy scores (with each
sub-task weighted equally; reading accuracy was not included in the total literacy score as the
accuracy task was only presented to children who were classified as ‘readers’, defined as those who
scored at least 5 for reading fluency; therefore, as the reading accuracy task was not presented to all
children, it was not included in the total score). These two scores were then combined with equal
weights to create an overall score.
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We estimate the impact of the program?? using a Differences-in-Differences (DID) strategy. DID
strategies are simple panel-data methods applied to sets of group means in cases when certain
groups are exposed to the intervention of interest and others are not. In an RCT setting such as this,
the DID estimator yields an unbiased estimate of program impact under the assumption of parallel
trends. In our setting, this translates to the assumption that children in both control and intervention
schools would have experienced the same increase in test scores over the school year in the absence
of the CWTL intervention (illustrated by the dotted line in

12 Results are also analysed in a separate piece of work conducted by Samantha Bouwmeester. That analysis used
gender and attendance as co-variates. In order to analyse the impact of these two variables, it was decided to
conduct a separate analysis for this VM study using a simple difference-in-difference approach. It is worth noting
that our estimates for intervention effect on each sub-task are generally higher, we assume as controlling for
attendance reduces the effect size. For the literacy and numeracy total scores, our estimates match those from
the other analysis.
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Figure 2).

Table 6: Assessment sub-topics

Subject

Sub-topic

Description

Literacy Letter knowledge (LID) 26 All letters in alphabet
Literacy Phonemic awareness (PHO) 10 Initial sound identification
Literacy Most used words (MUW) 20 Child reads most used words list
R list of - that foll llabl
Literacy Decodable words (NON) 16 ead list of non wor.ds at follow syllable and
vowel pattern used in language
Literacy Reading: Fluency (RCP 1) 99 Number of words read 60 seconds.
Literacy Reading: Accuracy (RCP 2) 99 'Sl)'g;al words read correctly from passage (out of
Literacy Reading: Comprehension (COM) 5 1 story with 4 literal and 1 inferential question
Literacy Listening comprehension (LIS) 5 1 story with 4 literal questions
Literacy Writing (WRT) 10 10 most used words
Numeracy | Number identification (NID) 15 Identify single, double and triple-digit numbers
Numeracy | Quantity discrimination (QDS) 10 Identify 5 bigger and 5 smaller numbers
Numeracy | Missing numbers (MIS) 10 Identify missing number from pattern
12 i ; singl I iple-
Numeracy | Timed addition (ADD) 25 . O seconds (t'.med)’ smg & doul:.> e and triple
digit numbers; incl. carrying, adding 3 numerals
Numeracy | Timed subtraction (SUB) 25 120 seconds (tlmed); smgle., double and triple-
digit numbers; incl. borrowing
Numeracy | Word problems (PRB) 6 4 addition &.su.btra?ctlon (3 fmgle-sltep, 1 double-
step); 2 multiplication & division, single-step
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Figure 2: Visual explanation for the DID estimator
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Source: Adapted from https.//www.sciencedirect.com/topics/economics-econometrics-and-finance/difference-
in-differences

All scores have been standardised in relation to the baseline distribution in the control group. The
impact of the program can therefore be interpreted in terms of standard deviation units with respect
to the baseline distribution in the control group.

Since intervention was allocated randomly before data collection and implementation in our setting,
the two groups are theoretically balanced in terms of all relevant pre-intervention factors and the
parallel trends assumption likely holds. As such, the DID estimator should yield an unbiased estimate
of program impact.

The following linear model was used to implement the difference-in-difference (DID) estimator using
regression:

y%k = o + OTreatX + @Post; + BTreatk - Post; + eitk,

Where y{k is outcome for individual i studying in school k at time. Treat is the intervention dummy that
is equal to 1 if k is an intervention school, and O otherwise. Post is a time dummy that is equal to 1 if
the observation is from endline survey and 0 otherwise. Finally, a is a constant, and eitkis arandom error
term. The coefficient B on the interaction of Treat and Post is the parameter of interest. Standard errors
are clustered at the school level. As results are standardised, the intervention effect (DID estimate) is
expressed in terms of standard deviation (SD) gains in learning with respect to the distribution of scores
at baseline in the control group.

Table 7 shows results of this analysis. We find a positive and significant effect for literacy and numeracy
scores, as well as overall. The intervention effect size of 0.27 SD units on the overall score is considered
a large effect size by the standards of education RCTs (Kraft, 2018).
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Table 7: Treatment effects, averages

Control ‘ Intervention ‘ Difference-in-Differences
BL EL BL EL  Estimate  SE Cllb Club
Literacy 0.00 | 0.76 | 0.29 | 1.32 | 0.28*** 0.1 0.08 0.48 | 0.007 | 1507
Numeracy | 0.00 | 0.69 | 0.15 | 1.03 0.19%* 0.07 0.04 0.34 | 0.016 | 1507
Overall 0.00 | 0.82 | 0.25 | 1.34 | 0.27*** 0.08 0.10 0.43 | 0.003 | 1507

Note: *** ** gnd * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.

Figure 3: Baseline-endline change for intervention and control presents the above result for the
overall score in a graph. The estimated impact of the program corresponds to the additional gain in
the average overall test score experienced by children in the intervention group (1.34-0.25=1.09)
relative to children in the control group (0.82-0=0.82): 1.09-0.82 =0.27 SD units.

Figure 3: Baseline-endline change for intervention and control, means
T

—

I
Baseline Endline

—&— Treatment —&— Control

Note: Scores have been normalized with respect to the baseline distribution in the control group.
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Figure 4: Baseline-endline change for intervention and control, full distribution
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Note: Scores have been normalized with respect to the baseline distribution in the control group.

Looking at the above figure, we might guess that the CWTL intervention had a positive effect at all
points of the distribution, i.e. with children of all prior levels of learning achievement (low to high). To
determine if this intuition is correct, we can run quantile regressions which examine treatment effects
for different groups along the baseline learning distribution. Figure 5: shows the results of this
analysis for nine different quantiles; grey areas represent the 95% confidence intervals. We find
similar impact estimates (around 0.27 SD units) across all quantiles, suggesting that CWTL was equally
effective for children across the baseline learning distribution.

Figure 5: Estimates of program impact at different points of the learning distribution
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Interpreting effect sizes

Using SD units instead of raw test score units to quantify intervention effect is desirable in that it
provides a ‘unit free” way to think about effect size. However, this transformation is not free of issues.
For one, comparing effect sizes in terms of SD units artificially inflates the effectiveness of interventions
done on more homogeneous groups, all else equal. Consider two samples, one with low variance in test
scores (low SD) and another with high variance in test scores (high SD). Given that the ‘scale’ used to
measure effect sizes would be ‘longer’ in the high variance population, the same effect size would
appear much smaller for this population. One variable that usually impacts variance is sample size, with
bigger sample sizes generally associated with higher variance. As such, one must be careful when
comparing effects sizes across contexts, especially comparing studies with very different sample sizes.
In the overall intervention/control comparison here, the measured intervention effect is 0.27 SD (effect
sizes of 0.2 are considered large for educational interventions, Kraft 2018). Given the above
considerations, one should take this number with a grain of salt. Treatment effects would likely be
smaller if the program were scaled up using the same implementation model.

Another way to think about effect size is in terms of equivalent years of learning. The ‘scale’ in this case
is defined as the SD gain in the education-as-usual setting (i.e., in the control group) during the research
period of six months, or two terms. The SD gain in the intervention group can then be expressed as a
multiple of this scale. The control group saw an improvement of 0.82 SDs compared to an improvement
of 1.09 SDs in the intervention group over the same period (see Table 7). As there are three terms in a
year, we multiply these figures by 1.5 to get an estimate of the learning gains over one academic year
(assuming linear progress), making 1.23 SD gains for the control group and 1.63 for the intervention
group, i.e. 33% more SDs than the control group. We can therefore estimate that the CWTL intervention
results in children ‘gaining’ 0.33 years of schooling compared to the status quo if conducted for the full
academic year. These calculations are presented in Table 8.

Table 8: CWTL impact in terms of equivalent academic years.

Control SD gains over 6 months (a) 0.82 | SD units
One academic grade therefore (b = a*1.5) 1.23 | SD units
Intervention SD gains over 6 months (c) 1.09 | SD units
Intervention progress for one year (d = ¢*1.5) 1.64 | SD units
One 'CWTL year' therefore equivalent to (e = d/b) 1.33 | academic grades

This exercise both contributes to the growing body of literature translating the effect sizes (e.g. SD
gains) found in impact evaluations such as this to something more meaningful to non-analysts such as
equivalent years of schooling or learning-adjusted years of schooling (e.g. Evans & Yuan 2019, Filmer et
al 2018), whilst also highlighting its main problem. A World Bank-sponsored study (Evans and Yuan,
2019a) analysed impact evaluations from a sample of low- and middle-income countries, finding that
one additional standard deviation gain in literacy skill is associated with between 4.7 and 6.8 additional
years of schooling. In other words, over the course of a business-as-usual school year, students learn
between 0.15 and 0.21 SDs of literacy ability. This contrasts with the 1.23 SDs found in this study. The
most likely explanation for this is that the baseline variation in this study is far lower than that analysed
in that paper, which used far higher sample sizes.
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Impact of attendance on results

Average attendance in the intervention group was 72% compared to 70% in the control group.
Running a t-test we find that this difference is significant at the 95% confidence level (p-value=
0.0230). Figure 6 plots the distribution of attendance for both groups; we see that attendance peaks
very highly for the intervention group such that there are far more children with attendance in the
70-85% range in the intervention group compared to the control; there are more children in the
control group with lower levels of attendance, but it must be noted that there are also more children
in the control group with very high levels of attendance (85-100%).

Figure 6: Distribution of attendance for intervention and control groups
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It is logical to assume that students in both groups will experience greater improvements over time
the more they attend school. Figure 7Error! Reference source not found. investigates this by plotting
attendance (as a percentage) on the x-axis against change in the overall score separately for
individuals in the control (red) and intervention (blue) group. The lines represent linear lines of best fit
and the shading the 95% confidence levels around these estimates. The points represent quantile
means.

Given the positive treatment effects found, we would expect to see a greater gradient on the blue
line; as we expect attendance to be a critical mediator of the learning gains experienced through both
the CWTL programme and EAU, we would expect a positive gradient at all levels for both groups, but
that the difference between learning outcomes in intervention and control groups increases as
attendance increases.
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Looking at Figure 7, we find that this expectation is not met: the slopes of each line are roughly
equal,’® indicating that greater attendance is associated with similar levels of learning gains in both
groups, but that learning gains in the intervention group are significantly higher at almost all levels of
attendance (at very low levels of attendance this difference is not statistically significant, at least
partially a result of very few children being at this part of the distribution; see Figure 6 above and the
wide confidence intervals in Figure 7 below). The cRCT was not powered to test sub-group differences
by attendance and so the findings here are underpowered; these findings are exploratory and should
be studied in more depth in future CWTL research.

Figure 7: Correlation of learning change over time and attendance
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Secondary analysis: competency benchmarks

A secondary analysis is also conducted by creating a definition of competency and analysing the impact
of the intervention on competency rates. Of the 15 sub-topics, seven were chosen to create this
definition of competency. The seven topics were chosen because they map closely to the SDG 4.1.1
minimum proficiency criteria.’* Two Ugandan education experts were employed to determine by
consensus a benchmark on the assessment that would be expected for a student passing from P3 to
P4. Competency in numeracy is defined as competent in all numeracy sub-topics, likewise for literacy;
overall grade competency is defined as competency in all seven sub-topics (see Table 9).

Table 10 presents findings from this analysis. The effect size can be interpreted as the increased
likelihood of passing the competency benchmark at endline as a result of the intervention. In general,
no significant intervention effect is found on sub-topic competency (except for subtraction and reading

13 Running a t-test to measure the differences between the slopes results in a p-value of 0.891.
1% https://unstats.un.org/sdgs/metadata/files/Metadata-04-01-01.pdf.
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accuracy) but overall and for each subject it is found that the intervention has a positive and significant
effect. Overall, we can say that the CWTL intervention resulted in 8% more children meeting the
competency benchmark than would have been the case in the absence of intervention. If we assume
linear trends, we can say that over the course of a whole academic year, the CWTL intervention could
lead to 12% (8% x 1.5) more children becoming competent than would otherwise have been the case.

Table 9: Competency benchmarks by sub-topic

Competenc

Subject Sub-topic .Total number.of benchr:nark pyer

items per Section .

section

Literacy Most Used Words (MUW) 20 9
Literacy Reading Accuracy (RCP2) 99 35
Literacy Reading Comprehension (COM) 5 2
Numeracy Quantity Discrimination (QDS) 10 4
Numeracy Missing Number (MIS) 10 4
Numeracy Timed Addition (ADD) 25 5
Numeracy Timed Subtraction (SUB) 25 5

Another way of reading the data is to say that 43% of intervention group children were found to be
grade-competent at the end of P3 compared to 33% of control group children, noting the fact that
intervention group children started from a slightly higher baseline. Both these figures are low,
highlighting the need for numeracy and literacy interventions to increase learning in Isingiro schools.

Table 10: Treatment effects on increased competency

Control Treatment Difference-in-difference
BL EL BL EL Effect SE p
Quantity discrimination 0.96 | 0.99 | 0.97 | 1.00 0.01 0.01 0.514 1507
Missing numbers 0.69 | 0.88 | 0.77 | 0.95 0.00 0.03 0.944 1507
Timed addition 0.61 | 0.81 | 0.71 | 0.91 0.00 0.03 0.871 1507
Timed subtraction 0.57 | 0.74 | 0.61 | 0.87 0.08 0.03 0.014 1507
Most used words 041 | 0.68 | 0.46 | 0.78 0.04 0.03 0.202 1507
Reading 2: Accuracy 0.32 | 0.65 | 0.35 | 0.75 0.08 0.04 0.049 1507
Reading comprehension 0.17 | 0.44 | 0.23 | 0.50 -0.01 0.05 0.896 1507
Total: Numeracy 0.38 | 0.63 | 0.45 | 0.80 0.09 0.03 0.001 1507
Total: Literacy 0.16 | 0.40 | 0.17 | 0.47 0.05 0.05 0.257 1507
Total: Grade 0.11 | 0.33 | 0.13 | 0.43 0.08 0.04 0.072 1507

Note: *** ** and * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.
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Equity

When considering a programme’s value for money, it is important to consider equity of access and
learning. Otherwise, programmes might be incentivised to work only with those who are easiest to
reach. There is no single metric which can encapsulate equity through a VfM lens; instead, below,
consideration is given to the difference in effectiveness metrics for different groups. We assume the
cost of reaching different groups is the same, so the conclusions reached translate equally to cost-
effectiveness (see next section).

Addressing equity concerns is one of CWTL’s core values. The programme is specifically designed to
serve disadvantaged communities, whether displaced by conflict themselves or affected by the influx
of refugees from neighbouring countries. How CWTL impacts different groups within these
communities is also of interest. Programme data can be analysed by different child characteristics to
investigate how well CWTL is reaching different groups and whether there is any differential impact in
their learning. We must note, however, that the cRCT was not powered to test sub-group differences
and so the findings here are underpowered; these findings are exploratory and should be studied in
more depth in future CWTL research.

This analysis considers the following dimensions of disadvantage/marginalisation:

e Gender: girls compared to boys

e Disability: children with disability compared to those without?®

e Socio-economic status: children were grouped into two equal categories based on a composite
index of household wealth: ownership of 10 non-productive household items and count of
livestock were combined into a single index using principal component analysis. 1

Table 11 presents the number of participants by different equity dimensions. There are roughly equal
numbers of boys and girls and 19% of students were identified as having some sort of disability,
measured using the Washington Group Short Survey.

Table 11: Numbers of participants by equity concern

e TT Socio-economic
Disability status

Research status!’
Total
sample Bovs No Some Bottom Tob half
4 disability disability half P
Number 1507 734 773 1222 285 753 752
Percentage | 100% 49% 51% 81% 19% 50% 50%

15 Children with disabilities were defined as those that were recorded as having any difficulty as per the
Washington Group Short Survey.

16 Principal Component Analysis is a commonly used data reduction procedure that maps many correlated
variables (ten household assets and count of livestock in this case) to a set of uncorrelated ‘principal
components” which can explain much of the variance. The first principal component, which explains the largest
proportion of the total variance, is defined as the ‘wealth index’ for each household. Note that unlike a poverty
line, the wealth index is not an absolute measure of poverty or wealth — it can only measure relative wealth. As
such, it was used to divide the sample into two equally large groups (below median/above median) after sorting
the data by wealth rank. The ten household items were mat, mattress, cupboard, bicycle, mobile phone, radio,
sofa sets, solar panels/electricity, motorcycle, and television. Count of livestock includes cattle, donkeys, sheep,
goats, poultry and pigs.

17 Note, there are two children with missing data for SES.
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Table 12 and Figure 8 presents the results of DID analysis for children with different characteristic (the
bars in the figure represent 95% confidence intervals). Each row in the table corresponds to a
separate DID estimate calculated using data only for the reported sub-group.

The intervention effect is found to be positive and significant for all sub-groups,*® but the magnitude of
the effect size does differ: girls seemingly gaining more than boys; those without disability more than
those with; and those with lower SES more than those with higher SES. At the 90% confidence level,
the differences in effect sizes between these comparison groups was only found to be significant for no
disability vs. some disability; we cannot discount the possibility that the differences in effect sizes
between boys and girls and between low SES and high SES was due to chance. Again, we must note that
the study was not designed to test for differences across subgroups and this type of analysis is likely
underpowered, particularly along the disability dimension as only 19% of children were categorised as
having some disability.

Table 12: Difference-in-difference estimates for overall score by groups of equity concern

Difference-in-Differences

Estimate| SE Cllb Club p N |

Overall 0.27*** | 0.08 | 0.1 | 0.432 | 0.00 | 1507
Female 0.32*** | 0.09 | 0.13 | 0.512 | 0.00 | 734
Male 0.21** | 0.09 | 0.02 | 0.393 | 0.03 | 773
No disability 0.28*** | 0.08 | 0.11 | 0.455 | 0.00 | 1222
Some disability 0.17* 0.08 0 0.344 | 0.06 | 285
SES: Bottom half | 0.30*** | 0.1 0.1 | 0.507 | 0.01 | 753
SES: Top half 0.22*** | 0.08 | 0.06 | 0.376 | 0.01 | 752

Note: *** ** and * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.

Figure 8: Difference-in-difference estimates by groups of equity concern, SD gains
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0.02
Male *
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0.10
Some_disability *
0.08
Poor_HH A A
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Rich_HH ®
-0.10 0.00 0.10 0.20 0.30

18 Intervention effect for the ‘some disability’ group is only significant at the 90% confidence level; this is likely
due to the smaller size of this group.
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Table 13 and Figure 9 presents the results of DID analysis for the competency outcome (the bars in
Figure 7 represent 95% confidence intervals). This time, we find that the intervention effect is not
positive and significant for all groups: only girls, those with some disability, and those with low SES
were found to have positive and significant treatment effects (and for two of these groups, only at the
90% confidence level). This difference in effects across the two outcome measures might be a result
of the lower variance of a binary variable (competent/not competent) compared to a scale variable (in
addition to the small sample size when looking at sub-groups).

There are no significant differences in effect sizes across sub-groups (i.e. female vs. male, no disability
vs. some disability, low SES vs high SES) for the competency measure.

Table 13: Difference-in-difference estimates for grade competency by groups of equity concern

Difference-in-Differences

Overall 0.08* 0.04 -0.01 0.17 0.07 1507
Female 0.14%** 0.07 0.00 0.278 0.05 734
Male 0.02 0.05 -0.08 0.121 0.65 773
No disability 0.08 0.05 -0.02 0.175 0.12 1222
Some disability 0.10* 0.05 -0.01 0.212 0.07 285
SES: Bottom half 0.08* 0.05 -0.01 0.179 0.08 753
SES: Top half 0.07 0.05 -0.04 0.18 0.22 752

Note: *** ** gnd * indicate a p-value smaller than 0.01, 0.05, and 0.1 respectively, i.e. significance at the 99%, 95%, and
90% confidence levels, respectively.

Figure 9: Difference-in-difference estimates by groups of equity concern, competency
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Cost-effectiveness

Primary analysis

From the data presented above, it is possible to make some assessment of cost-effectiveness. We first
consider the differential effect of CWTL only, i.e., the difference-in-difference between intervention
and control groups from baseline to endline. We take costs as presented in Table 4 and compare this
to the effect size (difference-in-difference for intervention-control, baseline-endline, 0.27) to calculate
cost per additional SD of learning. An alternative metric is the amount of SD change that €100 buys.
These calculations for our three different scenarios are presented in Table 14.

Table 14: Calculating cost per additional SD of learning of the CWTL intervention

Annualising Annualising
costs over costs over four
lifetime years

Recurrent
costs only*

Cost per child per year

Intervention effect (DID SD gain) extrapolated to
one year

Cost per standard deviation gain in learning

Additional SD per €100
* We have adjusted recurrent RCT costs to reflect a full year of implementation.

Table 15 presents this data for the different cohorts (boys/girls, disability/none, etc.) involved in the
study, based on the assumption that the costs of providing the CWTL intervention were the same for
each cohort. We see that the programme indicates better value for money for girls compared to boys,
for children without disability compared to those with, and for poorer children compared to richer.
However, the study is underpowered to make definitive evaluations of differences between sub-groups.

Table 15: Cost-effectiveness for different cohorts
Cost per SD in learning

DID SD
Percentage gain Annualising  Annualising
ofsample | (overone costsover  costsover ccurrent
year) lifetime four years 5 SCIL
Overall 100% 0.41 € 273 € 299 € 181
Female 49% 0.48 € 230 € 252 € 153
Male 51% 0.32 € 351 € 384 € 233
No disability 81% 0.42 € 263 € 288 € 175
Some disability 19% 0.26 € 434 € 475 € 288
SES: Bottom
half 50% 0.45 € 246 € 269 € 163
SES: Top half 50% 0.33 € 335 € 367 € 222

An alternative way of expressing the cost-effectiveness of the programme is in terms of the equivalent
years of schooling ‘bought’ with the intervention. Above, we estimated that the CWTL intervention
leads to students gaining the equivalent of 0.33 more years of schooling (see Table 8). Assuming linear
trends, we might therefore expect CWTL to lead to a gain of one whole academic years’ worth of
learning after just over 3 years (3.08 years to be precise). Table 16 takes these assumptions and
presents the cost per additional year of learning for our three different scenarios.
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Table 16: CWTL costs in terms of additional years of schooling

Annualising  Annualising

Recurrent
costs over costs over
e a: costs only
lifetime four years
One 'CWTL year' in terms of equivalent academic grades (a) 1.32
Cost per child per year of CWTL (b) €111 | €121 | €73
Years necessary to gain one academic year equivalent
(c=1/(a-1)) 3.08
Cost per additional year of learning (d=b*c) €341 | €373 | €226

Secondary analysis

We also present findings based on how many extra competent students there may be if the CWTL
intervention were to run for one whole academic year. We assume linear trends, so the 8% more
competent students found during the research period translates to an estimate of 12% more
competent students if the programme were to run for one year. One-third of students were found to
meet benchmark competency in the control group, meaning that the CWTL intervention would likely
increase this to 37%.

Table 17: CWTL costs in terms of additional competent students

Annualising Annualising
Recurrent
costs over costs over
e a: costs only
lifetime four years
Cost per child per year €111 €121 €73
Increased chance of gaining competency 12%
Cost per extra competent learner €921 €1,008 €611

Comparison to regular schooling costs

Since the CWTL intervention is semi-integrated into regular schooling, to understand total costs, we
also need to have an estimate of the cost of the public schooling in which it takes place. With public
schooling costs and control group outcomes, we can also conduct a VfM analysis of the education-as-
usual (EAU) scenario. We compare this to CWTL VfM to get an understanding of relative cost-
effectiveness, but it must be noted that this is not a straightforward comparison.

School budget data was collected by the field team for all 30 schools involved in the study (both
control and intervention). Budget sources included direct government funding (under the Universal
Primary Education [UPE] policy), household contributions and government teacher salaries (note,
most schools also pay for additional teachers from household contributions). Enrolment data was also
gathered so that a cost per child per year could be generated. Table 18 presents these findings using
the exchange rate on 15" August 2022, the midpoint of the RCT. It must be emphasised that these
costs are from school budgets only, and do not include any resources that may have been provided
in-kind (either by government or other organisations).
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Table 18: Budgets for the 30 RCT schools

UPE funding Household Government TOTAL Enrol- COST PER
(1) contributions  teacher SCHOOL ment (5) PUPIL
salaries (3) BUDGET (6=4/5)
(4=1+2+3)

Mean € 2,238 | € 8,334 € 12,553 € 23,125 611 | € 39
Median [E3 2,289 | € 6,998 € 12,563 € 22,444 582 | € 37
Min € 1,323 | € 2,170 € 5,289 € 9,086 311 | € 26
Max € 2,983 | € 19,705 € 19,070 | € 37,727 959 | € 62

Table 19 compares what is included in the cost estimates for EAU and CWTL. We see that they cover
quite different things. Two points in particular are worth highlighting: the main instructional material,
textbooks, are not included in EAU costs, whereas CWTL costs include all necessary instructional
materials (tablets and game updates); staff costs are of very different types (teachers in EAU,
administration in CWTL).

Table 19: Comparison of costs included for CWTL and EAU

CWTL

Type of cost Annualising Annualising Recurrent
over lifetime  over four years costs only

Partially (35% of UPE funding
. . is designated for instructional Yes (tablets and game update
Learning materials ; No
materials but textbooks are costs)
funded separately)
. Partially (teacher costs but Partially (administration costs but not teacher
Staff salaries . .
not administration costs) costs)
Staff training No Yes
Mentorship and
. . P No Yes
supervision
. . In some cases (some schools Yes (installation of solar energy
Electricity costs - No
do not have electricity) systems)

With these differences in mind, we compare the €111 cost per child per year of CWTL (annualising over
lifetime of investment) to the €39 cost per child per year of EAU and find that it represents an additional
283% expenditure per child per year. Comparing just recurrent costs of CWTL calculated in Table 14 of
€73, this would represent an additional 188% expenditure per child per year.

With an estimate of regular schooling costs, we can estimate cost per SD of learning for the control
group (who received regular schooling only). Table 20 presents these calculations alongside the
additional costs and impact of the CWTL programme. This comparison shows us that regular schooling
alone provides much lower cost per SD gain than the CWTL intervention. This, of course, is not a like
for like comparison: as well as the difference in cost components outlined above, it must also be noted
that regular schooling provides the basis upon which interventions such as CWTL can be added. To say
that regular schooling provides lower cost SD gains does not mean that more investment in regular
schooling necessarily brings more of these low-cost SD gains (for example, simply employing more
teachers or paying them more does not automatically lead to learning gains), nor that CWTL may not
be a cost-effective way of enabling children to progress beyond the levels they are currently in regular
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schooling. But it does highlight the large discrepancy in costs between public education and INGO/tech
interventions.

Table 20: Comparing cost per SD of learning for regular schooling and the CWTL intervention

Additional cost/gain of CWTL

Education-

Annualising Annualising
as-usual

costs over costs over
lifetime four years

Recurrent
costs only

Cost per child per year ‘
Intervention effect for one year (SD gain) ‘

Cost per standard deviation gain in learning
SD per €100 spent

It must also be noted that it is likely that the intervention involved not only a change in pedagogy (CWTL
game vs regular lessons), but also more overall tuition time since around half of CWTL sessions were
conducted outside of regular maths/literacy teaching time (though some of these may have replaced
remedial maths/literacy sessions).

An alternative way to compare the CWTL intervention to regular schooling is to look at competency
pass rates across the two groups. (Note, for the intervention group, we assume that the intervention
would have resulted in a greater differential compared to control group had the intervention ran for a
whole academic year and so multiply the DID effect estimate by 1.5 to estimate the effect size.) We
divide the cost per child per year by the percentage of students meeting benchmark competency to
calculate the cost per competent student. Table 21 presents these calculations for education-as-usual
and the three different CWTL intervention cost scenarios. Here the difference between the cost-
benefit calculation for education-as-usual and CWTL is even greater since by only looking at those
additional children gaining competency, we omit a large amount of the benefit of CWTL due to the
binary nature of the definition of competency.

Table 21: Comparing cost per competent student for regular schooling and the CWTL intervention
Additional cost/gain of CWTL
Education | Annualising Annualising Recurrent
as usual costs over  costs over costs
lifetime four years only

Cost per child per year +€121

Percentage of children reaching
benchmark competency

Cost per (additional) competent student €118 +€921 +€ 1,008 + €611

+12%

In these discussions of comparative costs and attainment, it must be noted that Uganda currently has
a very serious problem of learning poverty, with 83% of children unable to read a simple text by the
end of Primary school. This is a critical statistic as children who do not learn to read by the end of
primary school generally fail to master reading at all.*® Any intervention that has robust evidence to
improve learning (as this RCT generates for CWTL), must therefore be carefully considered.

19 https://www.worldbank.org/en/topic/education/brief/what-is-learning-poverty
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Additional benefits of CWTL

In addition to measuring learning outcomes, the research also looked at the impact of the CWTL
intervention on wellbeing. No significant difference was found between intervention and control
groups (DID=-0.04, p=0.38), contrasting with previous research on CWTL (Brown et al, 2020, Turner et

al 2022)

Of the 15 intervention schools, 12 (80%) did not have electricity prior to CWTL installing a solar
energy system. This new energy is now used for a variety of purposes, including operating computers
and printers, phone charging, security lighting, and watching the news on TV. Schools with boarding
sections are also using the solar power for general lighting and to facilitate night-time study.

Qualitative research (forthcoming) identified the following additional impacts of the CWTL
programme:

Children:
o Improved friendships and increased instances of sharing and helping each other
o More peer-to-peer learning
o More confidence, e.g. more likely to ask for help from the teacher
Children at home:
o More likely to speak with parents about what they’re learning and display their
knowledge (e.g. naming the first letter/sound of household objects)
o Increased technological literacy at home and help parents with their mobile devices
Teachers:
o Collaboration has started between teachers from different schools, support each other
and help solve issues
Increased abilities to monitor individual progress
Increase exposure to technology and increased technological literacy — head teacher
also mentioned this with regards to ‘21st century skills” for the teachers and kids and
even caregivers
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4. Conclusions

This Value for Money analysis of the CWTL programme in Uganda has outlined how much the
intervention costs and provided an estimate of the cost-effectiveness of the programme, both of which
are compared to education-as-usual scenarios. In this section, we outline the limitations of this exercise
before discussing the results are their implications. Finally, the next steps in this VfM consultancy are
outlined.

Limitations

Costings

This VfM exercise was reliant on WCH to identify all costs associated with the implementation of
CWTL. This is not a straightforward exercise as the trial took place in the context of wider
implementation. Having said this, financial records provided are very thorough and cover all of the
expenditures expected. All costs charged to the programme are included. This includes contributions
to office costs that are not directly related to the programme (e.g., office furniture and general staff
meetings).

Staff time devoted specifically to the implementation of CWTL was not recorded at the time but
rather estimated after the intervention. The accuracy of staff and total costs are therefore dependent
on these time estimations.

Another limitation comes from working across two currencies. Whilst some of the programme
purchases were made in Ugandan Shillings (UGX), the costs billed to WCH global are in Euros (EUR); it
is the latter figure which was used in calculations. Cost data for regular government schooling were
gathered in UGX and converted to EUR using the exchange rate at the midpoint of the research trial.
Prices are all kept at 2022 levels. Since exchange rates fluctuate, as do prices of key items such as
tablets and solar panels, running the same analysis at different points in time may yield different
results.

Programme set-up costs such as game development and partnership development have not been
considered in this report since they were not incurred during the study period. We cannot therefore
speak to the past and future VfM of developing and adapting CWTL to new locations or languages.
Programme maintenance and quality are considered programme updates since it is assumed that this
is a continuous process, with the game needing to be updated every five years or so.

Outcome measurement

This trial took place during the first academic year after long school closures due to the COVID-19
pandemic. Furthermore, schools were temporarily closed during the second term due to teacher
strikes, and the term ended early in the last term due to an Ebola outbreak. Both factors may have
affected the amount of learning taking place. However, since the intervention condition was
randomly assigned, we assume that the school closures affected intervention and control groups
equally.

The research period was quite short (six months). As the CWTL games cover the first three years of the
national primary curricula, it would be preferable to compare results after a whole academic year or
longer. To generate this metric, we assumed linear rates of learning, a very strong but necessary
assumption.

A further limitation is in the measurement of learning. A custom-made numeracy and literacy
assessment was developed to measure progress in learning. As such, it is not possible to compare
results life-for-like from this study to any others. Instead, in the primary analysis, learning is analysed in
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terms of standard deviation (SD) gains. This allows a comparison of results from this study to others
also reporting SD gains. Whilst this is common practice within education research and research more
generally, it is not without its limitations, for example in the comparison between groups with very
different initial variance (i.e. groups of similarly achieving children compared to groups of children with
highly varying achievement; the same average raw score gain would translate to higher SD gains in the
former case). For more thorough discussion in the context of CWTL and more generally see Jones (2019)
and Singh (2015).

In the secondary analysis, a subset of these sub-topics was selected and benchmarks set by experts in
Ugandan education. Whilst this analysis is in some ways more meaningful, by only recognising children
who shift from below benchmark to above benchmark this analysis captures far less variation than the
primary analysis. The binary nature of the variable is socially derived and may not be as applicable in
other contexts.

Reducing costs

Reflection by the programme team following implementation has identified areas where costs could
be reduced. These are explored in this section.

Tablet procurement

As enrolment increased between the initial tablet procurement and programme start, it was
necessary to conduct a local procurement of tablets to meet the demand as quickly as possible. The
tablets and accessories procured under the local contract worked out at €207 per set compared to
€166 per set under the international contract, a difference of €41 per set. If all tablets had been
procured under the initial international tender, tablet costs per child would have reduced by 4%.

Tablet ratio

This intervention targeted a child-tablet ratio of 2:1 (2.06 was eventually achieved). Above, we
calculated that had this been relaxed to 3:1, savings of €18 per child could have been made during
implementation (noting that we do not know if there would be an impact on effectiveness). Using costs
from the international procurement, this would have resulted in a cost per child of €39 (€18 lower than
that achieved).

Training

Training costs are considered high by the global programme team. One reason for this is that a
refresher training was deemed necessary by the country team. Assuming that in future scenarios this
refresher training is not necessary, and instead covered by existing teacher mentorship, training costs
would reduce from €38 to approximately €10 per child per year.

Programme management costs

Three project officers managed 15 intervention schools during this study. In a non-research scenario,
it is believed that one project officer (full-time equivalent) for every ten schools is optimal. This would
halve the amount spent on project officers from €13,781 to €6,890 annually.

Overall impact

If implemented effectively, the suggested changes on tablet procurement, tablet ratios, training, and
programme management would produce savings of over €254,000 over a four-year period
(equivalent to approximately €51 per child per year). It is also possible that there are potential savings
to vehicle and office costs that could increase this figure further.
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Discussion

Cost per child of the intervention is estimated at €111 per year, including hardware (solar, tablets,
accessories), training and coaching, and implementation. This is comparable to other INGO
interventions (see Jones 2019) but around 2.8 times the cost of regular schooling (estimated at €39 per
child per year). Considering recurrent costs only, the intervention is estimated at €73 per child per year
additional to EAU.

Reflection on implementation has identified areas where costs could be reduced. This is likely to lead
to savings of at least €51 per child per year. Further savings are likely as the programme matures and
management and MEAL needs reduce. Future VfM research will model what costs might look like in
different scenarios.

The treatment effect (difference between learning gains in intervention and control groups) was found
to be positive, significant, and large (0.27 SDs, p=0.003). This large effect size implies that the CWTL
intervention leads to children learning at a rate 33% faster than they would in education-as-usual.

It can be said, therefore, that this analysis finds evidence that the CWTL programme can contribute to
children progressing one-third of an academic year additional to what they would have achieved for a
cost of €111 (or €341 to advance one whole academic year; considering recurrent costs only this would
be €226). Another way of expressing this data is by saying that €270 (or €179 considering recurrent
costs only) can buy one SD gain in learning; this is the equivalent of moving a child from the 75%
percentile to the 25" percentile.

It must be emphasised that the CWTL intervention consists not only of learning through gaming but
also of more overall maths and literacy tuition time. It is therefore not possible to state how much of
the learning gains are through the change in pedagogy and how much is through increasing maths and
literacy tuition time.

The costs of CWTL are found to be very high compared to regular schooling. Even so, CWTL might still
be considered a good VfM programme as a) children are learning at an unacceptably slow pace in
regular schooling? and b) its costs compare favourably to other evidenced short-term investments (see
Jones 2019; a synthesis report updating this research is to follow).

Although the study was not powered to identify differential impacts between groups, the findings
suggest that the intervention benefits girls more than boys and those from low socio-economic
backgrounds compared to those from high socio-economic backgrounds. This provides evidence to
support the hypothesis that CWTL is an effective intervention for addressing some types of
disadvantage and thereby supporting progress towards SDG4 and learning equality.

However, the findings also suggest that children without disability benefit more than children with
disability (though sample size for the latter group was very small and so caution must be exercised in
interpreting findings). This finding is intuitive since children with very severe hearing, sight, speech, and
mental impairments may not be able to access and benefit from the games in the same way as their
peers. Having said this, we can also hypothesise that children with less severe disabilities may benefit
from Can’t Wait to Learn. The rationale is that children with low-level visual, auditory, and cognitive
impairments could arguably benefit from the visuals presented on the tablet (compared to a
blackboard), the headphones (compared to a teacher in a large, crowded classroom), and the

20 As evidenced by the 83% learning poverty rate (see World Bank 2021).
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individualised approach (compared to the large student-to-teacher ratio). Our findings suggest the
need for further research into this aspect of the programme. We also recommend additional
exploration of how to make the learning environment more inclusive for children of different physical
and mental abilities, in line with the current CWTL research agenda.

Questions remaining following this analysis are:

What would be the impact of the CWTL programme if it did not increase overall maths and
literacy tuition time?

How would results change if the sample size was increased? On the one hand, this would likely
increase variance and so lower effect size estimations; on the other, it would increase the
power of the study and potentially generate more evidence for positive and significant
treatment effects at disaggregated levels (e.g. for boys; for children with disability/different
types of disability; attendance levels) as well as allow investigation into reasons behind
differences between these sub-groups.

How would VfM estimates change with scale-up? For example, solar costs per child may fall.
Could programme management costs be reduced without affecting quality?

What is the optimal child-tablet ratio? This study aimed for, and eventually achieved, a 2:1
ratio. A 3:1 ratio is also believed to be practical; we can calculate the (positive) impact on costs
but it is unclear if there would be an impact on effectiveness (presumably negative if so).

Why was such low correlation found between attendance and learning gains? This finding is
counter-intuitive given the positive effect sizes found, though we note that the study was
underpowered for this analysis; it would be desirable for future studies to have sufficient power
to investigate this mechanism further.

Next steps
This analysis will be followed up by two further pieces of VM research:

1.

A synthesis report that will compare results from CWTL Chad and Uganda to international
evidence on ed-tech intervention VM.

VfM modelling: a spreadsheet-based model will be created allowing for different funding,
implementation, cost and effectiveness scenarios to be explored.
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Annex 1: Programme variations and research studies to date

Table 22: CWTL implementation 2012-2023

Country

OVERALL

IGET

Lebanon

Jordan

South Sudan

Ukraine

Games Date Implementation Implementation Reach to
model(s) partner(s) to date
date?!
Arabic reading & | 2012 - Formal See below 89,729
mathematics present Non-formal
English reading & ALP
mathematics BLN
French reading Emergency
Ukrainian reading response
& mathematics
On tablets and
through apps
Arabic reading & 2012 - Non-formal UNICEF 4,713
mathematics 2021 education
Arabic reading & 2017- Non-formal UNICEF 35,061
mathematics 2022 education; BLN SHIELD
SEED
Ana Agra
Tanmiya w Salam
Nabad
Ribat
Back to the future
Future is Ours
Arabic reading & | 2018- Non-formal & UNRWA 4,823
mathematics present formal education Relief
International
Al Keram
Al Oun
Associations
MoE
English reading 2018- Non-formal, formal | NRC 21,923
and mathematics | present education & AEP? FCA
Scl
WI
MoES
Arabic 2019- Formal education JRS 2,436
mathematics present MOoES
French
mathematics
Arabic reading 2021- Formal education MoE 594
and mathematics | present
Ukrainian reading | 2022- On tablets and N/A 20,179
& mathematics present through apps

21 See Abbreviations for full titles of organisations.
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Table 23: Overview of CWTL research studies to date

Year
Study design

Study
description

Implementation
period

Size

Lebanon
2017-2018 2017-2018 2017-2018 2017-2018 2017-2018 2017-2018
Practice-driven Proof of concept — Proof of concept — Quasi-experimental Quasi-experimental Quasi-experimental
evaluation non-formal formal education
education
Pre-post & Baseline, midline, Baseline only + Difference in Pre-post with Pre-post with
qualitative; endline + qualitative. | qualitative difference with comparison comparison
comparison & qualitative
& qualitative.
CWTL replaced 40% of
maths and Arabic
lessons in CWTL
schools (n=17)
Average = 12 weeks; | 5 months (midline @ | Qualitative data 3 months 6 months 4.5 months

range = 7-17 weeks

3 months)

collected after 3
months of
implementation

N=390 from 30
classes

N=98 children from
2 centres

N=76 children from
3 schools

N children = ~700 from
35 schools

N =210 children from
8 villages

N = 779 children from 20
schools

22Study led by external evaluations (American institutes for Research [AIR])
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Jordan®

Game

Target group

Primary

outcome(s)

Secondary
outcomes

Results

Link to research
papers

Lebanon
Mathematics

ILIGET
Mathematics

Jordan
Mathematics &
Arabic reading

Mathematics and
Arabic reading

Mathematics and
Arabic reading

Mathematics

10-14 yrs; not 6-12 yrs; not 6-13 yrs old; 6-13 yrs old, enrolled 7-9 yrs old; never been | 6-17 yrs old; enrolled in
enrolled in formal enrolled in formal enrolled in school in school (Grades 1, 2 to school formal education
education education (Grades 1,2 & 3) & 3)
Numeracy Numeracy Numeracy & Literacy | Numeracy & Literacy Numeracy & Literacy Numeracy
Wellbeing Wellbeing Wellbeing Wellbeing Wellbeing None
Self-esteem Hope Hope Hope Hope
Paediatric Self-esteem Self-esteem Self-esteem Self-esteem
(psychosocial) Self-efficacy
symptoms
Significant Significant -- Significant Significant Significant improvement
improvement in improvement in improvement in improvement and and difference with
numeracy, self- numeracy and numeracy and literacy | difference with control | control group for
esteem and wellbeing but no significant group for numeracy, numeracy
paediatric symptoms difference with literacy and wellbeing,
comparison and significant

decrease in self-

esteem
https://doi.org/https | N/A N/A Forthcoming https://doi.org/10.108 | Forthcoming

://doi.org/10.33682/
8v7u-q7y3

0/19439342.2020.182
9000
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Annex 2: Summary of key assumptions

Costings
All costs charged to CWTL are included. We assume this data is accurate and representative of costs
incurred during the research period.

Estimates made on hardware lifetime are accurate and representative.
Estimates made about reducing costs are appropriate.

We assume that the cost of reaching different groups (e.g. boys/girls, children with disability/without)
is the same.

Outcome measurement

A custom-made numeracy and literacy assessment was developed to measure progress in learning.
Total scores were calculated at baseline and endline with their difference forming the measure of
learning progress evaluated in this analysis. The assessment consists of items on different sub-topics,
with sub-topics weighted equally. Overall learning is defined as the average score on these two tests
(i.e. maths and literacy are weighted equally). It is assumed that these are valid measurements of
learning.

A further assumption is made that these measures cover all learning. This is clearly not the case as
they only measure performance in two subjects. However, the assumption is necessary to translate
learning gains into equivalent years of schooling.

All scores have been standardised in relation to the baseline distribution in the control group. The
impact of the program can therefore be interpreted in terms of standard deviation units with respect
to the baseline distribution in the control group.

We assume that learning gains are linear: the study was implemented for two terms; learning gains
per year are calculated as 1.5 times the learning gains achieved during the study.

In the secondary analysis, a subset of these sub-topics was selected and benchmarks set by experts in
Ugandan education. It is assumed that this is a valid measurement of subject competency.

We assume parallel trends in groups, i.e. that if the intervention had not taken place, the intervention
group would have advanced in their learning at the same rate as the control group.

Value for Money

The key measure of VfM takes the cost of the intervention and divides by the intervention effect. As
we assume that costs and treatment effects are linear over time, we also assume that VfM measures
are linear over time.
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Annex 3: Summary of CWTL Uganda RCT cost calculations

1.

Costs associated with the RCT were recorded as show amounts charged to War Child Holland in
2022 Euros.

Costs from the feasibility study were removed.

Data from invoices for tablet and solar systems were presented separately so that the costs of
individual items can be identified (the ratio of spending on tablet and accessories for the second
invoice is imputed from the first invoice).

Costs from game update and server were calculated separately.

Staff costs were estimated by taking salaries and estimating how many hours were devoted to the
Uganda RCT; time was classified as ‘direct’ or ‘development’; all salaries are presented in 2022
Euros.

All this data is summarised in the Table 24 below; note ‘developmental’ staff time was attributed
to training, tablet installation and game update rather than appearing under the staff lines.

Table 24: Summary of CWTL Uganda RCT costs

A 0 0 O
O
1 |COUNTRY LEVEL PROGRAMME COSTS € 204,948

11 Staff € 23,768

1.1.1 |District level staff € 19,714
1.1.1.1 |Programme staff € 19,301 | Includes POs, IT officer, Team leader, Project Manager
1.1.1.2 |Support staff € 414 | Includes PSOs

1.1.2 |Country level staff € 4,054
1.1.2.1 |Programme staff € 2,190 | Does not include staff time associate with specific activities (e.g.

training and tablet installation)

1.1.2.2 |Support staff 1,864
1.2 |Teacher & school staff training 31,988
1.2.1 |Accommodation 6,376
1.2.2 |Venue hire 1,013
1.2.3 |Meals 9,854
1.2.4 |Training stationary / scholastic materials 3,416
1.2.5 |Perdiems 741
1.2.6 |Transport 8,892
1.2.7 |Development (staff time) 1,695 | Includes some staff time
1.3 |Hardware costs attributable to CWTL 147,150
1.3.1 [Tablet costs 72,150
1.3.1.1 [Tablet purchase costs inc. customs, freight 57,734

1.3.1.2 |Tablet accessories costs inc. customs, freight

11,716 | SD card, covers, stylus, headphones

1.3.1.3 |Tablet installation costs

1,091 | Includes staff time putting programme on tablets

1.3.1.4 |Metal storage boxes

1,610 | Includes delivery

eh [ en[an|en|en|an[ah|dh|dh[ahahian|an|ch|an|ah|eh|aen|an|eh| ey |ch

1.3.2  |Solar energy systems 75,000
1.3.2.1 (Solar panels 15,129
1.3.2.2 |Batteries 20,948
1.3.2.3 |Inverter/chargers 15,388
1.3.2.4 |[Installation 23,534
1.3.4 |Data costs 12
1.4 |Travel/transport costs 733
1.5 |Contribution to Office running costs 1,309
2 GLOBAL LEVEL PROGRAMME MANAGEMENT COSTS | € 3,352
2.1 |WCH programme staff costs € 1,364
2.2 |WCH support staff costs € 367
2.3 Server € 1,422 | Taken from VfM-Cost per child- per server usage doc
2.4 |Game update € 199 | Includes some staff time
TOTAL € 208,301
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Annex 4: Research sample

Table 25: Research sample

School # Intervention / Total School Total P3 CWTL Research
Control Enrolment Enrolment Enrolment sample

1 Control 425 56 50
2 Control 311 55 50
3 Control 758 78 50
4 Control 578 66 50
5 Control 585 79 50
6 Control 414 109 50
7 Control 654 78 52
8 Control 786 103 50
9 Control 550 78 50
10 Control 528 54 50
11 Control 592 72 50
12 Control 728 78 51
13 Control 571 82 50
14 Control 525 68 51
15 Control 695 108 50
16 Intervention 570 87 82 50
17 Intervention 518 55 58 50
18 Intervention 858 88 98 50
19 Intervention 507 69 67 51
20 Intervention 691 109 99 50
21 Intervention 645 106 99 50
22 Intervention 805 98 90 50
23 Intervention 852 93 90 50
24 Intervention 400 69 75 50
25 Intervention 450 64 60 50
26 Intervention 569 83 92 52
27 Intervention 668 64 64 50
28 Intervention 453 74 72 50
29 Intervention 691 85 86 50
30 Intervention 959 121 115 50
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Annex 5: Assessment results

Overall Female Male No disability Some disability Wealth index_bottom half Wealth index_top half
Effect| SE | Cl_Ib | Cl_ub P N |Effect| SE | Cl_lb | Cl_ub P N |Effect| SE [ CI_Ib | Cl_ub P N |Effect| SE | Cl_Ib | Cl_ub p N | Effect| SE | Cl_lb | Cl_ub P N |Effect| SE | CI_lb | Cl_ub P N |Effect| SE | CI_Ib | Cl_ub P N
Number identification (nid) 0.1 |0.05|-0.01| 0.21 | 0.075[1507| 0.14 | 0.07 | -0.01 | 0.285 | 0.067 | 734| 0.06 | 0.07 | -0.09 | 0.204 | 0.424 |773| 0.11 | 0.06 | -0.02 | 0.24 |0.101 |1222| 0.05 | 0.07 | -0.1 | 0.197 | 0.534 |285| 0.19 | 0.06 | 0.06 | 0.32 | 0.006 |753| 0.01 | 0.08 | -0.14 | 0.167 | 0.885 | 752
Quantity discrimination (qds) 0.17 | 0.07 | 0.03 | 0.312| 0.02 |1507| 0.2 | 0.1 0 ]0.403| 0.05 |734| 0.14 | 0.08 | -0.02 | 0.295 | 0.088 |773| 0.18 | 0.07 | 0.03 | 0.333 | 0.022 [1222| 0.13 | 0.12 | -0.11 | 0.366 | 0.292 |285| 0.21 | 0.08 | 0.05 | 0.378 | 0.014 |753| 0.13 | 0.09 | -0.06 | 0.317 | 0.175 | 752
Missing numbers (mis) 0.06 | 0.09-0.110.238 | 0.48 |1507| 0.06 | 0.1 |-0.15|0.261 | 0.581 [734| 0.06 | 0.1 |-0.14 |0.253 | 0.555 |773| 0.08 | 0.09 | -0.11 | 0.261 | 0.404 {1222 -0.02 | 0.09 | -0.21| 0.16 | 0.8 [285| 0.15 |0.11|-0.07 | 0.365|0.175[753[-0.03 | 0.1 | -0.23 | 0.17 |0.754|752
Timed addition (add) 0.11 | 0.09 | -0.07 | 0.295 | 0.232 |1507| 0.13 | 0.11|-0.11|0.364 | 0.269 [734| 0.08 | 0.11 | -0.14 | 0.302 | 0.469 |773| 0.09 | 0.09 | -0.11 | 0.28 | 0.37 |1222| 0.2 |0.14 | -0.09 | 0.484 | 0.167 [285| 0.08 | 0.11 |-0.14 | 0.3 |0.445|753| 0.13 | 0.11|-0.09 | 0.349 | 0.248 | 752
Timed subtraction (sub) 0.4 |0.12] 0.15 | 0.647 | 0.003 [1507| 0.37 | 0.14 | 0.08 | 0.653 [ 0.014 |734| 0.44 | 0.14 | 0.15 | 0.722 | 0.004 |773| 0.42 | 0.14| 0.13 | 0.709 | 0.006 [1222| 0.28 | 0.1 | 0.08 | 0.48 | 0.008 |285| 0.4 |0.11] 0.17 | 0.638 | 0.001 |753| 0.39 | 0.16 | 0.07 | 0.717 | 0.02 |752
Word problems (prb) 0.13 |0.11) -0.1 | 0.364|0.262 |1507| 0.14 | 0.14 | -0.15|0.434 | 0.328 [734| 0.11 | 0.12|-0.14 | 0.357 | 0.386 |773| 0.17 | 0.12|-0.07 | 0.41 | 0.159 {1222 -0.05 | 0.12 | -0.3 | 0.196 [ 0.672 [285| 0.09 | 0.13 | -0.17 | 0.354 | 0.48 |753| 0.16 |0.11|-0.07 | 0.399 | 0.16 |752
Total numeracy 0.19 | 0.07 | 0.04 | 0.335]0.016 |1507| 0.2 | 0.1 |-0.01| 0.41 | 0.058 |734| 0.16 |0.08 | 0.01 | 0.315|0.043 |773| 0.21 | 0.08 | 0.05 | 0.365 | 0.013 |1222| 0.08 | 0.07 | -0.07 | 0.223 | 0.282 |285| 0.22 | 0.08 | 0.06 | 0.39 | 0.01 |753| 0.14 | 0.08 | -0.03 | 0.313 | 0.097 | 752
Letter knowledge (lid) 023 |0.11| 0 |0.459|0.049|1507| 0.27 | 0.14|-0.01|0.554 | 0.06 |[734| 0.19 | 0.11 |-0.03 | 0.404 | 0.085 |773| 0.28 | 0.11| 0.06 | 0.491 | 0.014 |1222| 0.04 | 0.19 | -0.34 | 0.422 | 0.832 |285| 0.28 | 0.15 | -0.03 | 0.581 | 0.073 [753| 0.21 |0.09 | 0.02 | 0.39 | 0.029 |752
Phonemic awareness (pho) 0.81 10.25) 0.31 | 1.313]0.003 |1507| 0.87 | 0.24| 0.39 | 1.357 | 0.001 [734| 0.75 |0.28 | 0.18 |1.312 | 0.011 |773| 0.87 | 0.25| 0.35 | 1.386 | 0.002 {1222| 0.52 | 0.26 | -0.02 | 1.061 | 0.06 [285| 0.76 [0.27 | 0.2 |1.315| 0.01 [753| 0.83 | 0.24| 0.34 | 1.324 | 0.002 | 752
Most used words (muw) 0.12 | 0.07 | -0.02 | 0.253 | 0.09 |1507| 0.15 |[0.07| O |0.299|0.049 |734| 0.08 | 0.08 | -0.09 | 0.256 | 0.324 |773| 0.11 | 0.07 | -0.02 | 0.253 | 0.104 |1222| 0.14 | 0.09 | -0.04 | 0.313 [ 0.124 |285| 0.17 | 0.09 | -0.01 | 0.346 | 0.063 | 753| 0.06 | 0.07 | -0.09 | 0.209 | 0.425 | 752
Decodable words (non) 0.32 | 0.1 | 0.11 | 0.537 | 0.004 |1507| 0.38 | 0.13 | 0.11 | 0.652 | 0.007 [734| 0.26 | 0.12 | 0.02 | 0.495 | 0.032 |773| 0.32 |0.11| 0.1 | 0.54 | 0.006 [1222| 0.32 | 0.14 | 0.03 | 0.607 [ 0.029 [285| 0.36 |0.13| 0.1 |0.621|0.008 |753| 0.27 |0.11| 0.05 | 0.494 | 0.017 | 752
Reading comprehension (com) 0.05 10.12-0.210.301|0.715 |1507| 0.17 |0.17|-0.17 | 0.519 | 0.318 |734| -0.08 [ 0.13 | -0.35]0.181 | 0.52 |773| 0 |0.13|-0.26 |0.268 |0.979 [1222| 0.23 | 0.15 | -0.07 | 0.527 [ 0.127 [285| 0.11 | 0.14 |-0.17 | 0.396 | 0.42 |753]-0.05 |0.15|-0.37 | 0.26 | 0.727|752
Listening comprehension (lis) 0.07 | 0.1 |-0.14|0.269 | 0.514 |1507| 0.19 | 0.13 | -0.06 | 0.451 | 0.131 |734| -0.05 | 0.12 | -0.3 | 0.19 | 0.653 |773| 0.06 | 0.12 | -0.18 | 0.295 | 0.613 |1222| 0.08 | 0.16 | -0.24 | 0.409 | 0.598 |285| 0.06 | 0.11 | -0.15 | 0.279 | 0.554 |753| 0.04 | 0.15|-0.26 | 0.345 | 0.773 | 752
Writing (wrt) -0.1 | 0.06 | -0.22 | 0.016 | 0.088 |1507| -0.11 | 0.08 | -0.27 | 0.052 | 0.178 |734| -0.1 | 0.07 |-0.24 | 0.04 | 0.152 |773| -0.09 | 0.06 | -0.21 | 0.028 | 0.13 |1222| -0.14 | 0.11 | -0.37 | 0.091 | 0.224 |285| -0.08 | 0.08 | -0.25 | 0.087 | 0.329 | 753| -0.13 | 0.05 | -0.23 | -0.037 | 0.008 | 752
Reading 1: Fluency (read 1) 0.2 |0.14|-0.09| 0.49 |0.172 {1507 0.36 | 0.19 | -0.03 | 0.759 | 0.069 |734| 0.02 | 0.1 |-0.19 | 0.237 | 0.821 |773| 0.23 | 0.15|-0.08 | 0.536 | 0.139 [1222| 0.06 | 0.14 |-0.23 | 0.351 | 0.686 |285| 0.34 | 0.18 | -0.04 | 0.719 | 0.075 [753| 0.06 {0.12|-0.19| 0.305 | 0.651 | 752
Reading 2: Accuracy (read 2) 0.11 | 0.08 | -0.05|0.273 | 0.174 |1507| 0.17 | 0.09 | -0.01 | 0.351 | 0.064 [734| 0.05 | 0.09 | -0.13 | 0.229 | 0.569 |773| 0.11 | 0.08 | -0.06 | 0.284 | 0.199 |1222| 0.12 | 0.11 | -0.1 | 0.344|0.269 |285| 0.08 | 0.1 |-0.12|0.287 | 0.399 |753| 0.14 | 0.08 | -0.03 | 0.309 | 0.105 | 752
Total literacy 0.28 | 0.1 | 0.08 | 0.476 | 0.007 |1507| 0.35 | 0.1 | 0.14 | 0.565 | 0.002 [734| 0.2 |0.11|-0.02 | 0.428 | 0.071 |773| 0.29 | 0.1 | 0.09 | 0.492 | 0.005 [1222| 0.21 | 0.11 | -0.01 | 0.436 [ 0.057 [285| 0.31 | 0.12 | 0.07 | 0.552 | 0.014 |753| 0.23 | 0.09 | 0.04 | 0.424 | 0.017 | 752
Overall score (numeracy + literacy) 0.27 |0.08| 0.1 |0.432]0.003 |1507| 0.32 [ 0.09| 0.13 | 0.512 | 0.002 [734| 0.21 [0.09| 0.02 |0.393 | 0.03 |773| 0.28 | 0.08 | 0.11 | 0.455 | 0.002 {1222| 0.17 |0.08| O |0.344[0.055/285| 03 | 0.1 | 0.1 |0.5070.005|753| 0.22 |0.08 | 0.06 | 0.376 | 0.01 |752
Wellbeing total -0.04 | 0.05|-0.14 | 0.056 | 0.379 |1507| -0.1 | 0.07 | -0.25|0.054 | 0.197 |734| 0 |0.07 |-0.14|0.153|0.951|773| -0.04 | 0.06 | -0.16 | 0.084 | 0.513 |1222| -0.06 | 0.14 | -0.35 | 0.218 | 0.647 |285| -0.06 | 0.08 | -0.22 | 0.095 | 0.415 |753| -0.02 | 0.09 | -0.21 | 0.161 | 0.791 | 752
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