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The objective of the current study is to test the impact of low-tech solutions
during COVID-19 school closures on maths, Urdu, and English scores for
students in the underdeveloped district of Bahawalnagar, which is situated
in the southern part of Punjab in Pakistan. The target population for this
study is Grade 8 students attending private schools. Simple random sampling
technique is adopted for the selection of participants in the study. We
have tested the impact of three interventions, namely: Teaching at the
right level (TaRL), Fortnightly assessments (FAS), and Digital teacher training
sessions (DTS). Our findings show a significant and positive ‘Intention to
Treat” (ITT) impact on Urdu and English scores of the students in the TaRL
treatment group. The students increased their English and Urdu scores by
0.56 SD. However, we found no significant impact of the intervention on
maths scores in the TaRL treatment group. Fortnightly assessments and
digital teacher training sessions were also found to contribute to higher
English scores of the students. However, we found no ITT impact on the
maths and Urdu scores for these treatment groups. The Local Average
Treatment Effect (LATE) analysis revealed positive and significant improvement
in Urdu and English scores of the students in the TaRL treatment group. Key
stakeholders whom we interviewed suggested that redesigning the curriculum
and incorporating TaRL within this approach could facilitate enhancement in
learning outcomes in students in deprived areas. Our findings are important to
help inform policymakers on the importance of designing and implementing
cost-effective, low-tech solutions to help reduce learning gaps.

education technology, COVID-19 school closures, teaching at the right level,
randomized control trial (RCT), online education
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Introduction

Education plays a significant role in the socio-economic
development of a country. It builds the capacity of individuals to
increase productivity and efficiency, which in turn can put the
economy on a path to sustainable development (Ahmad et al,,
2014). Within the context of Pakistan, the education system
currently experiences two main challenges. The first relates
to access, with Pakistan currently hosting the second largest
number of out-of-school children. The second relates to poor
learning for children even when they are in school (Ahmad et al.,
2013).

According to the most recent Annual Status of Education
Report (ASER), Pakistan has the second largest number of out-
of-school children in the world, with around 22 million learners
of school-going age (ages 5-6) out of school. ASER (2019) also
illustrates the problem of low learning outcomes, with many
students at the primary education level being unable to read
a story comprehensively in Urdu (the national language) and
Sindhi or Pashto (provincial local languages).

The outbreak of COVID-19 has further aggravated issues
relating to access, learning, and gender inequalities. In March
2020, in an attempt to contain the spread of the virus, the
Government of Pakistan implemented a nationwide lockdown.
This resulted in schools remaining closed from March 2020
to September 2020. Thereafter, intermittent school closures
came into effect between November 2020 and August 2021.
The lockdown meant that 46 million school-going children in
Pakistan were required to stay at home, with learners from
impoverished and underdeveloped areas of Pakistan particularly
hard-hit by the school closures.

The ‘learning crisis’ in Pakistan calls for an urgent need
for the Government of Pakistan to consider how children can
learn more effectively. One way to do this is to fundamentally
shift how education systems are organized. This would mean
organizing children according to their learning levels, rather
than age or grade—in other words, teaching at the right level.
Using technology to do this, which is the focus of the study, is
one approach government officials could consider.

In doing so, governments would need to consider the
type of technology that would be appropriate for the context
within which this is operationalized in Pakistan. The vastly
different economic, social, and cultural barriers that exist when
it comes to the use of technology are crucial for success, and
these would need to be considered for students, parents, and
teachers. Another important implication for policy in terms
of organizing education systems in this way is the training
that teachers would need in order to execute these changes,
as opposed to continuing with a ‘business as usual’ approach.
Specifically, given that this incorporates the use of technology
by both students and teachers, as proposed by Hennessey et al.
(2021) this would mean: using technology to train teachers,
including the assessment of their students; and teachers being
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able to support students in the use of technology for their
learning.

There is dearth of literature regarding impact of education
technologies in remote areas with a grim socio-economic
landscape. During our search for literature on technology and
personalized learning in Pakistan, we found limited rigorous
evidence. This is supported by Zubairi et al. (2021) who
conclude that studies focusing specifically on personalized
learning and technology integration in Pakistan are limited,
and where they exist they are of poor quality. The study is
designed to not only provide rigorous evidence on the use of
education technologies in such settings in context of COVID-
19 but also provides a real time evidence on the challenges
faced at household, school and government level to adopt such
measures.

The evidence base on teachers’ use of technology in the
classroom in Pakistan is still developing. While a number of
studies argue that technology should be provided to students,
less attention is paid to how EdTech will be used by instructors.
Providing technology to instructors rather than students, on the
other hand, was not only more cost-effective but also resulted in
better learning results. The outcomes of two RCTs in the Punjab
region were compared by Beg et al. (2019) to see how different
methods to improving student achievement were. The first
method bypassed teachers by giving eLearn tablets to youngsters
instead of teachers. In the second, teachers were supported
and trained using eLearn classrooms in the second method.
The authors concluded that the eLearn tablets reduced student
achievement by roughly 0.4 standard deviations, a finding they
ascribed to the tablets diverting children’s attention away from
more important educational activities. In just 4 months, the
eLearn classroom technology increased student achievement
by approximately 0.3 standard deviations, or 60%, above the
control group. This was partially due to the use of EdTech in
conjunction with current pedagogies.

The purpose of the study was to explore what effect a set of
EdTech interventions had on improving the learning outcomes
of students. It specifically focused on learners living in the
economically disadvantaged district of Punjab (in Pakistan).
The study was conducted over the period when intermittent
school closures occurred due to the COVID-19 pandemic.
This study’s core research focus had three stated objectives.
These were: (i) Explore the types of technologies being used
in the disadvantaged area where this study took place, and
understand the constraints faced by the education system in
using technology in such settings; (ii) Investigate what role
technology-based solutions could have in aiding the objective
of ‘personalized learning’ during school closures and (iii) Assess
the impact of the selected interventions on learning outcomes
for English, maths, and Urdu for learners in Grade 8 of
secondary school.

Ed-Tech essentially has three vital areas that need
consideration for effective teaching and learning methodologies
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(Stosi¢ and Stosi¢, 2015). They are (i) Technology as a
tutor (tech-based instruction); (ii) Technology as a teaching
tool; and (iii) Technology as a learning tool. The subject
study encapsulates all three vital areas and investigates them
holistically through the three interventions of Teaching at
the Right Level (TaRL), Student motivation, and Teacher
effectiveness under RCT.

Our study took place in the District of Bahawalnagar
which is located in the southern part of the province of
Punjab in Pakistan. Within this district, we selected 12
private schools across five administrative units (known as
tehsils) of Bahawalnagar district. From each of the schools
we worked in, we selected approximately 20 students to take
part in the study. The students who were selected came from
economically disadvantaged backgrounds where household
incomes were low.

The three interventions implemented and tested were:
(i) Computer-assisted teaching at the right level (TaRL)
interventions, (ii) Fortnightly assessments (FAS), and (iii)
Digital teacher training sessions (DTS).

This research provides insights into what effect technology
can have on learning outcomes, especially in context of Pakistan.
This study also highlights the particular barriers students from
economically disadvantaged backgrounds face and considers
these through the lens of gender. The inferences from the study
can assist policymakers when it comes to forward-looking policy
reforms which look specifically at the role of EdTech within
education systems.

Our results show a significant and positive ‘Intention to
Treat’ (ITT) impact on the Urdu and English scores of the
students who were part of the computer-assisted TaRL treatment
group. These students increased their English and Urdu scores
by 0.56 SD. However, we found no significant impact on maths
scores in the TaRL treatment group. We also found a positive
impact of the fortnightly assessment and digital teacher training
session interventions on students’ English scores. However,
we found no ITT impact on the maths and Urdu scores for
these treatment groups. The Local Average Treatment Effects
on Treated (LATE) analysis revealed positive and significant
improvement in the Urdu and English scores of the students in
the TaRL treatment group.

The study found a positive and significant impact of
attending online classes due to school closures on students’
maths and English scores. However, we didn’t find any
significant impact of online classes on the Urdu scores of
students. When differentiating for income, we found that
students from relatively higher income brackets scored 0.18 and
0.14 SD points higher in English and maths tests but 0.2 SD
lower in Urdu tests. Students from high-income households also
scored significantly higher scores in maths and English than
students from low-income households.

Key stakeholders whom we interviewed for this study
recommended redesigning the curriculum to incorporate

Frontiers in Education

03

10.3389/feduc.2022.993265

approaches such as TaRL to help alleviate the current
learning crisis defining the education system in Pakistan.
Moreover, parental involvement with students’ education
and parental cooperation with teachers and school
administrations is also vital.

The rest of the study consists of 4 sections. Section 2
describes the research methodology, including the sampling
procedure and sample size, data collection, and analysis.
Section 3 presents the main findings. Section 4 discusses
the policy implications of this study and outlines a set
of recommendations that relate to technology and learning.

Section 5 concludes the study.

A review of existing literature

In this section, we provide a brief review of the literature
to gain a better understanding of existing studies on the use
of technology in low- and middle-income countries (LMICs)
to promote personalized learning for better learning outcomes
and cognition. The review is made up of 41 academic articles,
together with 13 studies that fell under gray literature or non-
academic criteria. This section is divided into two main sub-
sections on technology-enhanced personalized learning and
teaching at the right level (TaRL).

Technology-enhanced personalized learning

In a recent review undertaken on technology-supported
personalized learning, Major and Francis (2020) found that
this can’t only enhance learning outcomes but also support
TaRL. The key findings from the review appear to indicate that
technology-supported personalized learning:

B Can
learning outcomes.

lead to a significant improvement in

B Is adaptive in nature, allowing students to learn
at their own pace.

B Can potentially help to close educational gaps for lower-
attaining students.

B Would enhance rather than decrease the importance of

teachers.

Major and Francis’ (2020) findings are supported by studies
undertaken by Koomar and Jull (2020) and Lee et al. (2018).

Technology has revolutionized personalized learning
(Andra, 2016). Students’ with
technologies such as tablets, netbooks, and mobile devices

one-to-one interactions
have provided more opportunities for personalized learning
both in and outside of the traditional school environment.
Students’ interactions with learning platforms can generate
data, which may then be used to learn about their knowledge,
interests, and preferences. In turn, based on this information,

instructional content for students can be tailored to their needs
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depending on the data generated. Data generated by student
use of technology, for example, may be used to compare the
learning behaviors they engage in, as well as whether such
actions are similar to those of previous successful or failed
students (Penuel and Johnson, 2016).

Henrie et al’s (2015) study of personalized learning in
schools, discovered that rather than simply adding devices and
software onto existing instructional programs, an integrated and
coherent set of technological tools could be used to transform
instruction and learning. The schools in their study utilized
information management and productivity tools, computer-
adaptive curricula and assessments, as well as digital media
spaces to aid students in creative work. McHugh et al. (2020)
similarly describe the process school leaders developed to
produce an idiosyncratic technology ecosystem which is seen
as critical to the implementation of personalized learning. Such
a system would encompass the use of student-facing digital
management systems and computer-adaptive technologies for
instruction and assessment. There is a need for a transition
from traditional in-class teaching and learning to technology-
integrated in-class learning, especially in Pakistan, where
resistance to using technology has to be addressed by vigorous
research and training.

McCarthy et al. (2020) compared the performance of
students in the District of California in the United States who
used EdTech with that of a virtual control group. They measured
the impact of the EdTech intervention on maths, reading and
language. Over the 3-year period that the intervention was
administered, the 1,911 students who were in the treatment
group consistently outperformed their cohorts. The study also
examined the ways personalization of reading tasks influences
learning outcomes. It found that learners who received adaptive
text selection' achieved greater gains in their comprehension
skills compared to students receiving random text selection, but
only if they were less-skilled readers. They found no significant
overall differences in performance and no differences in self-
reported motivation or engagement. This suggests that there are
heterogeneous impacts of the use of technology in education.

Tauson and Stannard (2018) also describe utilizing
technology as either an addition to or a replacement for,
traditional methods. The results of their thematic analysis,
which are organized into four topics, offer further information
(ibid. p. 33):

Improving access to education

This looks at how technology-assisted personalized learning
makes good educational resources more accessible, adjusts to
learners’ requirements by teaching at the correct level, extends
learning, and potentially eliminates educational disparities for
the most disadvantaged.

1 This relates to where technology facilitates a sequence of
personalized content to the student.
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The role of teachers and their professional
development

This investigates the central role of teachers and teacher
professional development in enabling technology-supported
personalized learning.

Pedagogical and motivational affordances

This gives an insight into the pedagogical benefits of
technology-assisted personalized learning and how it affects
student motivation.

Implementation difficulties and roadblocks

This with  the
consequences, as well as scalability and sustainability concerns.
through  EdTech
contemporary

deals financial and infrastructure

learnt
the
EdTech has the ability to adjust to learners’ requirements

Lessons are particularly

important in environment because
by teaching at the right level. Although there are few
examples of research addressing the development of non-
cognitive skills, the majority of studies focus on maths and
science teaching.

The evidence base on teachers’ use of technology in the
classroom in Pakistan is still developing. While a number
of studies argue that technology should be provided to
students, less attention is paid to how EdTech will be used
by teachers. Providing technology to teachers rather than
students, on the other hand, is not only more cost-effective
but also results in better learning outcomes. The results of
two randomized controlled trials (RCTs) in the Punjab region
were compared by Beg et al. (2019) to identify the differences
between two methods of improving student achievement. The
first method bypassed teachers by giving eLearn Tablets® to
youngsters instead of teachers. In the second, teachers were
supported and trained using eLearn Classrooms in the second
method.

The authors concluded that the e-Learn Tablets reduced
student achievement by roughly 0.4 SDs, a finding they
attributed to the tablets diverting children’s attention away from
more important educational activities. In just 4 months, the
eLearn classroom technology increased student achievement by
approximately 0.3 SDs or 60% above the control group. This
was partially due to the use of EdTech in conjunction with
current pedagogies.

Finally, the authors (ibid) highlighted the relative cost-
effectiveness and scalability of EdTech interventions at the
teacher level, arguing that such programs must function via

2 Models of elearn are brief, expert-led, curriculum-based videos
integrated into the classroom experience under a government of
Pakistan program to improve student learning in government middle
schools in maths and science. The two models, eLearn Classrooms and
elearn Tablets started from the premise that both students and teachers
could benefit from high-quality explanations of concepts in the official
science and maths curriculum.
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the government school system, which teaches over 65% of
Pakistani students, in order to be effective at scale. Teacher
professional development (or training) is at the heart of nearly
any pedagogical intervention (Waqar and Bokhari, 2019).

Teacher's effectiveness and teaching at the
right level

Teaching at the Right Level is an evidence-based educational
strategy that assists children at the primary and secondary
levels to develop fundamental reading and arithmetic abilities,
resulting in improved learning outcomes. Pratham, a renowned
Indian organization committed to increasing the quality of
education, pioneered this technique in 2007, and it has since
been adopted by students all around the world (Lakhsman,
2019).

Teaching at the Right Level was created using a combination
of hands-on experience, internal assessments, and research-
based RCT evaluations. It has been tested in six randomized
studies in India, with positive results (Banerjee et al,, 2007,
2010). Since then, this intervention has been employed in
countries across the world for students studying between Grades
3 and 10 to improve their reading and numeracy skills. Figure 1
explains the Steps involved in TaRL methodology.

Teaching at the Right Level is an augmented learning
method that attempts to improve the quality of education by
separating pupils into learning levels rather than grades and
ages. It was created by the Pratham Education Foundation
(Jagannathan, 2001) and encompasses the following key
components for its teaching practice:

There are two different models used in TaRL now, following
decades of assessments and refinement:

1. The Directly Implemented Learning Camp Model. In this
model, children are grouped according to their learning
levels after pre-assessments; they study for 2-3 h after
school, for 1-2 months.

2. The Government Partnership Model, which engages
teachers after training.

Teaching at the Right Level can be implemented in any of
three ways (see Figure 2).

Thus, personalized learning technology-based TaRL is an
approach that uses technology to facilitate the TaRL pedagogical
approach. An example of where such an approach has been
applied comes from India. A study undertaken by Muralidharan
et al. (2017) is one example of this approach. Here, the
intervention in question focused on 215 students in Marathi-
medium schools in India. The study found that technology-
assisted TaRL is effective for learning and teaching. Students
scored 100% in one of the eight phonic skills and learning
abilities increased approximately tenfold.

Perry and Steck (2015) tested the impact of an online TaRL
intervention on student learning outcomes in the United States.
Students underwent a pre-assessment and were segregated
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into groups. The treatment group was then given access to
iPads, while the control group were administered traditional
in-classroom teaching pedagogical approaches, which involved
direct instruction, pen-and-paper and drill and practice
methods of learning. The content used to teach both groups was
the same. Post-intervention, the treatment group demonstrated
greater student engagement, improved test scores, and increased
self-efficacy compared to the control group. However, a number
of studies conclude that merely integrating technology into
teaching and learning is not enough to achieve desired
outcomes. Training teachers in the use of technology is equally
important to motivate teachers (Rosas and Campbell, 2010;
Parkay et al., 2010).

Literature summary

The literature reviewed above recommends a shift toward
personalized learning. During our search for literature on
technology and personalized learning in Pakistan, we found
limited rigorous evidence. This is supported by Zubairi et al.
(2021) who conclude that studies focusing specifically on
personalized learning and technology integration in Pakistan
are limited, and where they exist they are of poor quality.
Furthermore, the findings from the studies that do exist must
be treated with caution given their unreliable research designs
(Rodriguez-Segura, 2021). This dearth in research is part of the
motivation for our study, the detail of which is presented in the
following section.

Materials and methods

This section details the methodological approach used in
this study, which primarily focuses on an RCT approach that
measures the effect of technological interventions on students

learning outcomes.

Sampling framework

We administered the interventions to 12 randomly selected
private sector schools® in the Bahawalnagar district which is
one of the districts situated in the Pakistani province of Punjab.
Random sampling technique is adopted due to the reason that
(1) there were only few schools in the district that offered online
education during school closure and (ii) those schools were
not uniformly scattered in the district. Therefore, a random

3 Al the public schools in Pakistan suspended educational activities
during school closures caused by COVID-19. However, some private
schools throughout Pakistan continued online delivery of instruction
with varying degrees of technology employment. Since the core
objective of the study was to investigate the impact of technology-aided
instruction, assessment, and teacher training during school closures, we
chose the private schools for this study.
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It helps articulate
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Assessment tools
are administered
individually

FIGURE 1
Steps for TaRL (suggested by Pratham, created by the authors).

It helps students
to proceed to an
advanced level

Teaching new skills

Integration of
multiple activities

It improves the
overall ability of
students to speak,
listen, write and think

It provides
category-specific
material

Designing
appropriate
material

4 N
Volunteer-based
implementation for earlier This is a direct way of learning in
iteration . .
L ) which the team lead organises and
i designs activities. Volunteers assist
N\
in implementation. It consists of
Scope of Team work to validate multiple 6-10-hour workshops.
. P K significant improvements
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J

FIGURE 2
Implementing TaRL.

Partnership with government
school education system at
district or state level

In order to implement core elements
of TaRL, the team works with
government. This stage includes all
the steps starting from planning to
review, assessment & feedback

sample was chosen from the set of available schools offering
online education.

Within the district of Bahawalnagar, there are 118 union
councils within which there are 390 private schools. Since
Bahawalnagar is a remote and underdeveloped district, the
majority of the private schools were unable to deliver online
education due to the unavailability of technological devices
such as smartphones, tablets, and laptops, etc. This was further
compounded by internet costs being prohibitive for the majority
of the schools in this district. Hence, only 25% of the private
schools in the district delivered online instruction during
school closures.

The 12 schools selected for this study were selected on the
basis of:

1. Their ability to deliver online education.

2. The schools offering education to Grade 8 students.

3. Both boys and girls attending the schools as this study was
interested in measuring the intervention’s differential effect
by gender.
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All available students from Grade 8 were selected and, as
far as possible, an equal number of boys and girls were selected
from each school.

The 12 schools were selected from 12 different union
councils to avoid spillover effects. Eight of these schools were
used as treatment schools, while four schools were randomly
selected to act as a control group. Table 1, below, shows the
distribution of samples into different treatment groups. Parents
of the 258 students who were chosen to be part of the treatment
and control groups were then selected to collect information
intended to capture socio-economic dynamics and the possible
impact of COVID-19 on the students’ learning outcomes.

Research instruments
Survey on socio-economic parameters
We collected quantitative data on the relevant socio-

economic characteristics by conducting structured surveys with
246 parents (father/mother), 258 students, 36 teachers (class

frontiersin.org


https://doi.org/10.3389/feduc.2022.993265
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Adil et al.

TABLE 1 Distribution of treatment groups across 12 schools at baseline.

10.3389/feduc.2022.993265

Fortnightly Digital training Teaching at the FAS + DTS Control Total
assessment (FAS) sessions (DTS) Right Level (TaRL) + TaRL
No. of schools 2 2 2 2 4 12
No. of students 48 45 43 35 87 258
No. of teachers 6 9 15 15

teachers and subject teachers), and 12 school principals. The aim
was to collect the data required for the baseline. The dimensions
covered in the surveys were as follows:

of households,
household composition, monthly income, information on

1. Socio-economic profiles including
other assets, employment status, type of house, monthly
internet expenses, number and type of available devices to
access online education.

2. Access and barriers to EdTech and its use.

3. Perception of respondents regarding the effectiveness
of educational technologies and online delivery of
instruction.

Teaching at the right level

The study employed two types of tests to assess student
learning. The first were standard tools that have been developed
for the ASER* Survey in Pakistan. Language and maths tests
administered for the ASER Survey are the primary performance
measures ASER uses to test children’s performance. Since ASER
tests measure basic numeracy and language skills to Grade 3
level, we observed a ceiling effect in the results of the majority of
the Grade 8 students. Grade-appropriate tests were designed to
match the grade-level competency of the students to avoid such
ceiling effects. The tests were designed from the Grade 8 Punjab
textbook board syllabus for maths, English, and Urdu. The Urdu
and English tests covered vocabulary, grammar, and reading
comprehension and maths tests measured grade-level skills such
as number system, sets, LCM, HCE ratios, etc. Tests were
administered twice, once in baseline and then in endline surveys.

4 The ASER reading test measures a child's reading ability in terms of
the following classifications:

. Beginner (cannot recognize letters).

. Letter recognition.

° Word recognition.

. Paragraph reading (Grade 1 level text).
. Story (Grade 2 level text).

The ASER maths test measures a child’s maths level in the following
classifications: beginner (cannot identify single-digit numbers),
one-digit number recognition, two-digit number recognition,
subtraction and division.
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These tests, which took between 30 and 35 min to administer,
tested the grade-appropriate competencies of the students.

The preliminary observation from our baseline survey of
12 schools located in Bahawalnagar district illustrated that the
majority of the sampled students would only benefit from
online education through the use of smartphones (WhatsApp
messages) or basic phones (messages). This observation was
based on the very limited ownership by households in our
sample of either a laptop/PC or tablet.

The majority (approximately 90%) of the sample population
used mobile data to access the internet. The speed and
bandwidth of the mobile data were very low in the majority
of the locations that we were conducting this study, thereby
making the use of Zoom to conduct online teaching a
fundamental challenge. Of the sample of schools that were
worked with, only two schools—situated in relatively more
developed regions of Bahawalnagar district—used Zoom to
conduct online teaching. Seven out of our sample 12 schools
continued online education through the use of WhatsApp. With
these factors in mind, we used WhatsApp® to deliver online
instruction of TaRL.

After selecting the four schools where the TaRL intervention
would be implemented, we identified weak students who scored
less than 50% in the grade-appropriate test that they took
for the baseline survey. The students from all four schools
were then grouped into English, maths, and Urdu groups.
Hence, we formed three separate WhatsApp groups (one for
each subject) consisting of 30 to 35 students in each group.
The grouping was done separately for each subject, and a
separate instructor/volunteer (with specialization and relevant
experience in that subject) was assigned to each subject group.

The instructors sent personalized learning material to each
group that matched the learning level of that specific group every
week. The learning material was related to the grade-appropriate
skills tested at baseline. Students received a learning problem,
a personalized recorded video for solving that problem, and
a short quiz through WhatsApp. The students had to solve

5 A similar model is used by HundrED.org, a not-for-profit
organization, which seeks and shares inspiring innovations in K12
education. In response to COVID-19, the Gabarone-based non-
governmental organization Young love in Botswana (HundrED.org,
2019) has developed and trialed a ‘low-tech’ solution that uses SMS
messages and phone calls to provide educational instruction for students
in 10,000 households across Botswana, Africa.
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the problem during the week and send a picture of the solved
problem to the instructor via WhatsApp. Online material on
IXL® and Khan Academy for maths and English were also
utilized and shared with the students where feasible. However,
the instructor for Urdu language used personalized videos’
for instruction, practice material, and quizzes due to the
unavailability of online material on IXL and Khan Academy.
After 3 months of instruction, the students were re-assessed, and
an endline survey was administered to evaluate the impact of the
TaRL intervention on their learning levels.

Digital training sessions

The digital training session intervention was designed to
provide teacher training in four schools on using EdTech
for instruction in and out of school. The majority of the
teachers in the selected schools had not received any training
to deliver technology-assisted instruction before our proposed
intervention. The training was intended to help teachers
to use technology more competently to better understand
whether this could positively affect student learning outcomes.
Three teachers per school (teaching maths, Urdu, and English,
respectively, in Grade 8) were selected from the four schools
where the digital training session treatment was administered.
In one school, where there were two Grade 8 classes, 6 teachers
were trained in the use of technology. In total, 15 teachers from
the 4 schools received training from an expert trainer. These
sessions took place over Zoom on a fortnightly basis, with a total
of 6 sessions delivered (see Table 2).

Fortnightly assessment

Student engagement is a concept that is approximately
three-quarters of a century old and refers to how engrossed or
attentive students seem to be in their learning (Axelson and
Flick, 2011).

Formative assessment is a tool to enhance student
motivation and engagement in the learning process. Previous
research shows that formative assessment conducted by teachers
in the classroom has a positive impact on students’ learning
and motivation and may increase students’ achievements, their
understanding of how to learn, and control over their learning
(Black and Wiliam, 1998; Brookhart, 2009).

The intervention was designed to affect learning from the
demand side of education by enhancing student involvement
in the learning process. For this intervention, teachers of
maths, Urdu, and English from selected schools were given two
training sessions before the intervention. The sessions imparted
skills to make and assign online assessments to students using
the CK12 app and WhatsApp. These instructors assigned six

6 IXL Learning was founded in 1998 and was one of the first websites
that allowed teachers and learners to create and share customized study
materials. See: https://www.ixl.com/.

7 The instructor for Urdu created videos, where necessary, to share
with the students
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online assessments/quizzes to their class on a fortnightly basis
using CK-12 and WhatsApp as per the availability of devices
such as smartphones, tablets, etc., and internet facilities for
their students. Each quiz was created using the content taught
in the 2 weeks prior to the delivery of the assessment in
respective schools. Reassessment of students at the end of
the intervention measured the impact of this intervention on
student learning levels.

Key informant interviews and focus group
discussions
To help answer the third and final research question, key
informant interviews and focus group discussions were held.
The key held with
institutions/individuals with deep insight into the existing

informant interviews were
landscape of education during the COVID-19 pandemic and
the spectrum of education technology in use, especially in
impoverished and deprived areas of Pakistan.

Our sampling approach for stakeholder selection was based
on identifying respondents from different domains.

B A stakeholder familiar with the local landscape of
secondary education where the study was being conducted,
i.e., Bahawalnagar district.

B A stakeholder from the research and policy domain
with professional expertise in education and EdTech for
policy insights.

B Stakeholders from the international development network,
operating in Pakistan and facilitating the role of EdTech in
education.

In this context, stakeholders from these areas were identified
and semi-structured interviews of three key stakeholders were
carried out. Given the sort of information we were interested in
collecting, our key informant interviews were with stakeholders
from:

1. Foreign, Commonwealth and
Development Office (FCDO).

2. Institute of Development and Economic Alternatives
(IDEAS), Pakistan.

3. A member of the Private School Association/Private school
owner in the Bahawalnagar district.

Apart from the face-to-face interview, which we held with
the member of the Private School Association, the remaining
interviews were conducted online. The interview schedule was
divided into the following areas.

1. The landscape of education in Pakistan especially during
the COVID-19 pandemic.

2. The adaptability of EdTech by the target group (students,
teachers, and parents).
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TABLE 2 Details of training sessions.
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Session No Session detail Description Time Intervention
week
1 Prep. session A customized video to install and connect with the scheduled ZOOM meetings was 30 min 1
shared with the trainees 2 days before the start of training sessions.

2 ZOOM This session consisted of practical training on using the ZOOM app for teaching. 90 min 2

3 Microsoft Word and This session imparted basic knowledge regarding MS Word and MS Excel including 90 min 4
Excel a practical session.

4 Microsoft Using online PPT resources, the use of multimedia/projector and PowerPoint 90 min 6
PowerPoint presentations was taught in this live session.

5 Study Ladder/Khan Teachers were introduced to the cutting-edge learning apps in this session to 90 min 8
Academy improve their teaching experience.

6 CK12 for assessment This session consisted of the use of the CK-12 app with a specific focus on assigning 90 min 10
purposes quizzes and online assessments to the students.

7 Recap A Recap of all sessions 60 min 11

3. Barriers in the use of EdTech, especially in deprived areas.

4. The impact of COVID on learning levels.

5. The role and response of the government and key players
in relation to EdTech.

6. Future priorities for EdTech.

Focus group discussions were held with the teachers
of the selected schools in the sample. These were held in
person, and each focus group included 6-8 teachers teaching
in Grades 7 and 8.

Research analysis

Exploratory data analysis

Exploratory data analysis (EDA) attempts to examine and
display observed data in a relatively straightforward way. As
a technique, EDA was considered an appropriate technique
for obtaining thorough information on student motivation and
teachers’ skills.

Regression analysis framework
Intention to treat

This study suffers from non-compliance in two of its
interventions. The students included in TaRL were added to
WhatsApp groups. However, around 15% of the original 78
students selected for the study left the groups and did not
enroll and sign the consent form to participate in the study
again. A further 20% of students left the groups in the middle
of the intervention. This meant that only 65% (or 51 out
of the 78 original students selected for the study) remained
in the group till the end of the intervention. Similarly, for
fortnightly assessments, a total of six tests were administered on
a fortnightly basis during the 3 months of the intervention to
83 students. However, 37% of students (or 31 students) did not
attempt any test in this intervention.
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Hence, the estimated impact in the absence of full
compliance in the treatment group is called ITT. Here, we
compare the groups that were randomly assigned to the
treatment with the comparison group regardless of the lack of
full compliance of the treatment group. The ITT is a weighted
average of the outcomes of participants and non-participants in
the treatment group compared with the average outcome of the
comparison group (Khandker et al., 2010).

The following specification was used for estimating the
impact of interventions on test scores (ITT) in the first step:

yisn = o+ BTreatment; + 8y,,0 + Xisb + &ist (1)

Here, Yist1 is the normalized test score (normalized at p = 0
and SD = 1) of the student i in school s at time 1 (endline).
At the same time, yist0 is the student’s test score in school s at
time t0 (baseline). xis is a vector of student- and household-level
factors, including gender, online class status, and wealth index.
ist is the error term. Treatment is the variable of interest in this
equation. Treatment is a categorical variable showing random
assignment of sample units into different treatment groups or
the control group. Treatment is assigned the value “1” if the
student is in the ‘combined treatment’ group, “2” if the student is
in a ‘TaRL treatment’ group, “3” for the fortnightly assessment’
group, “4” for the ‘digital training session” group, and “0” for
the control group.

We ran two specifications, one without clustering and one
with clustering standard errors at the level of schools. Further,
all the specifications were controlled for baseline test scores.
In addition, we also controlled for gender, online class status
(a dummy assigned the value “1” if the school continued
online education during school closure and “0” otherwise), and
for the wealth index of the household. The wealth index is
calculated by using the first factors from the polychoric principal
component analysis. Household monthly income and different
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household assets are used for the construction of the wealth
index.8

Instrumental variable estimates of dose-response
relationship

Next, we also needed to measure the impact of our program
on the group of individuals who were offered the program and
who participated. This estimated impact is called the “Treatment
on the Treated’ (Khandker et al.,, 2010). In case of incomplete
compliance, we needed to estimate the Local Average Treatment
Effect (LATE). To measure LATE, i.e., the impact of treatment
on those who attended the online instruction (TaRL) or
assessments (FAS), we specify the instrumental variable (IV)
equation as follows:

Yist1 = o+ PB1 TaRL Attendance Days + By FAS Tests + 8y,

+ xi0 + &gt (2)

Here Yistl, Yist0, XisO, and eist are defined as earlier.
‘TaRL attendance days’ are the number of days a student
remained in the WhatsApp group formed for TaRL instruction.
Fortnightly assessments (FAS Tests) are the number of tests a
student attempted out of six tests administered during the 3-
month intervention period. The Local Average Treatment Effect
estimated the dose-response relationship between attendance
days, tests attempted, and value added.

Since the participation of the students in TaRL groups and
FAS tests may be endogenous to the expected performance on
test scores, we instrumented attendance days and FAS tests
with the random allocation of a student to particular treatment
groups following Muralidharan et al. (2017).

To test the endogeneity of the instrumental variable, we
applied the Durbin and Wu-Hausman tests. The null hypothesis
of both the tests is that the variable under consideration can be
treated as exogenous.

Next, of
overidentifying restrictions. The null hypothesis of these

we applied Sargan and Basmann tests
tests is that one or more instruments are invalid, or that the
structural model is incorrectly specified.

We ran two specifications, one without clustering and one
with clustering standard errors at the level of schools. Further,
all the specifications were controlled for the baseline test scores.
In addition, we also controlled for gender, online class status (a
dummy assigned the value “1” if the school continued online
education during school closures and “0” otherwise), and the
wealth index of the household. The wealth index is calculated by
using the first factors from the polychoric principal component

analysis (PCA) (see Table 1). Household monthly income and

8 The wealth index was constructed based on our data ranges from
—2.88 to 3.72. The higher value on this index represents a higher income
and ownership of more household assets. Similarly, a lower value on this
index implies lower income and a small number of household assets.
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different household assets are used for the construction of the
wealth index.

Ethical considerations

Since this research focused on students who were under
the age of 18, we took a number of measures to preclude any
unintentional adverse effects on the participants and to ensure
their participation was truly voluntary. We obtained permission
from a parent or legal guardian in the household to acquire
permission for the student to take part in the study.

The participants were also assured that no identifiable
personal data would be shared with any other party and that
their responses would not be used for any purpose other than
the aims and objectives of this research. This guarantee of
anonymity and the confidentiality of the respondents’ data was
provided and respected.

To ensure the cultural appropriateness of the survey, female
enumerators surveyed females/girls and male enumerators
surveyed males/boys. Surveys were then translated into
Urdu and local enumerators were assigned to conduct
interviews in Urdu.

Challenges and limitations

The primary challenge for this study related to the
uncertainty caused by COVID-19, with the frequent school
openings and closures leading to coordination challenges. As
soon as our intervention started, a nationwide lockdown due
to the third wave of COVID-19 sweeping the country meant
that schools were closed. This negatively affected our interaction
with students and teachers and coordination with them became
more challenging.

A further challenge negatively affecting the study was
the unwillingness of teachers and school administrations
to take part in the study unless financial incentives were
forthcoming. Moreover, school administrators were reluctant
to run the interventions introduced for this study in their
schools, arguing that this would be an extra burden both for
teachers and students.

Another challenge we faced was that a number of the
teachers and students who were part of the study frequently
left the WhatsApp groups which had been specifically created
to administer the interventions. This links to a major
limitation of this study—its small sample size. Budget and
time constraints meant that we were only able to focus this
intervention on 12 schools and 258 students. The attrition
of students leaving the intervention or else changing schools
meant the original number of students who were part of
the intervention fell further to 208 when we administered
the endline survey.
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Lastly, the study design was constrained in the sort of
technological solutions we could employ, due to the lack of
appropriate infrastructure to support these in the remote area
of Pakistan where we were working. The digital training session
intervention, for example, was constrained due to the lack
of computer laboratories in schools sampled in this study,
and teachers’ unreadiness to use this technology. In addition,
some teachers did not even own smartphones. This limited our
capacity to go for high-tech instruction methods, which we
believe could have contributed to more effective and interactive
delivery of instruction.

Results

Data description

Our intervention targeted 258 students who took the
baseline tests pre-intervention. Of these, 139 (54%) were female
and 119 (46%) were male. The control group included 43 males
and 44 females, while the treatment group included a total of 96
females and 75 males. Ultimately, 81% (or 208) of the original
sample took the endline test (see Table 3).

While there was 100% compliance for the digital training
session intervention, the issue of non-compliance arose when
it came to the TaRL and fortnightly assessment interventions.
For the TaRL intervention, for instance, the mean attendance
days in WhatsApp groups was 25 days. The ‘complier’s’® mean
attendance rate was 28% (25 days out of 90 maximum possible
days) in TaRL groups. For the fortnightly assessments, a mean
of 4.9 Urdu tests out of the maximum of 6 tests was attempted
by complying students. The equivalents for English and maths
were 5.2 and 4.9, respectively.

We found no significant difference between treatment and
control groups in mean student characteristics (age, gender,
wealth index, or baseline test scores) of those who attended both
baseline and endline tests and who comprised our main study
sample (Table 4).

Results from exploratory data analysis

The exploratory data analysis (EDA) was intended to
capture issues relating to the access, use, and barriers students
faced in using EdTech during school closures.

The main mechanisms through which students accessed
learning content during school closures were WhatsApp, SMS,
and textbooks. Nearly 93% of students used WhatsApp and
SMS as a mechanism with which to continue their learning
during the COVID-19 pandemic, while 88% used textbooks to

9 'Compliers’ are those subjects who would take the treatment if and
only if assigned to the treatment group.
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do the same. Comparatively fewer students accessed learning
through smartphone applications and web platforms (37%),
and recorded videos (35%). When it came to online classes,
less than 15% of students reported learning through this
mechanism during school closures. On the other hand, 50%
of students resorted to in-person tuition, which became a
dominant source of learning.

In terms of access and type of technology, the majority (98%)
had access to some form of technology in their homes. Mobile
phones turned out to be the most prevalent type of technology
(96%) in households, followed by TV (72%). By contrast, laptop
ownership was comparatively lower (31%). Most mobile phones
owned by households were smartphones (74%), while 19%
owned basic phones. The high level of smartphone ownership
means there is potential to explore the access of educational apps
by students through the use of smartphones. Our survey found
that nearly 56% of students had access to mobile phones during
school closures, while nearly half had limited access or no access
at all (Figure 3, below).

The majority of the students (71%) confirmed that online
lessons took place during school closures (Figure 4). The
main mechanisms for the delivery of these online lessons
were WhatsApp or SMS messages. Online lessons using Zoom,
Teams, and Google Classroom, on the other hand, were reported
to be less well-utilized with less than one-eighth of the sample
indicating these mechanisms were used.

When it came to online assessments, close to 62% of students
surveyed reported taking these during the period of school
closures. The type of online assessments varied depending on
the school. Multiple-choice questions (32%) and short-answer
questions (35%) were the main formats of online assessments.
A substantial percentage of students (42%) used WhatsApp for
taking online assessments during school closures.

Students who faced barriers in accessing online education
during school closures reported the unavailability of devices
(laptops/tablets/smartphones) as the main reason for this (47%),
while 19% reported the unavailability of the internet as a barrier
to accessing online education. A total of 34% of students could
not access online education because their school either did not
offer any online options or access to devices or the internet
(Figure 5).

Students had mixed views about the effectiveness of EdTech
in terms of learning. While the majority of students (48%)
indicated that EdTech proved to be effective and that they had
learned new concepts through EdTech, a significant number
of students disagreed (30%), while 21% remained neutral. The
consensus among students was that nothing could replace the
in-class learning experience.

When questioned about monthly internet costs over the
period schools were closed, 37% of the parents surveyed
reported that they spent less than Rs 1,000 per month (this is
equivalent to USD 5.8). For 35% of parents surveyed, the cost
was the equivalent of between Rs. 1,000-2,000 (between USD 5.8
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TABLE 3 Distribution of treatment groups in the set of 12 schools at baseline and endline.

FAS DTS TaRL FAS + DTS + TaRL Control Total

No of Schools 2 2 2 2 4 12
Students (Baseline) 48 45 43 35 87 258
Students (Endline) 36 33 38 25 76 208
Boys 12 12 15 14 37 90
Girls 21 24 23 11 39 118
TABLE 4 Sample descriptives.?

Mean (Treatment) Mean (Control) Difference  Standard error (SE) N (Treatment) N (Control)
All students in the baseline sample
Demographics
Age 12.98 13.23 0.28 0.14 171 87
Gender 0.44 0.51 0.07 0.06 171 87
Wealth Index —0.63 —0.12 —0.6 0.17 171 87
Baseline Test Score
Z_Maths —0.05 0.1 0.15 0.13 171 87
Z_English —0.02 0.04 0.06 0.13 171 87
Z_Urdu —0.04 0.08 0.12 0.13 171 87
Students present at endline only
Demographics
Age 12.9 13.17 0.26 0.15 132 76
Gender 0.4 0.48 0.08 0.07 132 76
Wealth Index 0.01 —0.14 —0.15 0.14 132 76
Baseline Test Score
Z_Maths —0.06 0.10 0.16 0.14 132 76
7_English 0.18 -0.3 —0.5* 0.14 132 76
Z_Urdu 0.03 —0.05 —0.07 0.14 132 76

axp < 0.01, **p < 0.05, *p < 0.1. Treatment here refers to groups who were in schools randomly assigned to receive a treatment. Control refers to the group who were in schools randomly
picked to act as a comparison group. Variables used in this table are from the baseline data collection in March 2021. The data collection consisted of three parts: (a) a self-administered
student survey and parent survey, from which demographic characteristics, details of schooling, and online classes are taken and (b) assessment of skills in maths, Urdu, and English,

administered using pen-and-paper tests. Tests were designed to cover a wide range of achievement and to be linked between baseline and endline assessments, using common items.

Scores are standardized to have a mean of zero and a standard deviation of one in the baseline. The Wealth Index refers to a wealth index generated using the first factor from a Principal

Components Analysis (Polychoric) consisting of indicators for ownership of various consumer durables and services in the household and monthly income.

and USD 11.7). For 6.5% of parents surveyed, the cost exceeded
Rs 2,000 (USD 11.7).

When asked about the time parents spent supporting their
children with online education, the majority of the parents
(87%) reported allocating 1-2 h per day to facilitate their
children’s access to online education. Nine per cent spent 2-
3 h per day helping their children with online learning during
school closures.

Of the 246 parents asked whether preferential access was
granted to children based on their gender, 130 parents (or 53%
of the total) indicated there was no gender bias. In contrast,
54 parents (or 22% of the total) indicated that they gave boys
preferential treatment over girls when it came to accessing
devices needed for education, while 29 (or 12% of the total)
parents gave preference to girls over boys (Figure 6). Similarly,
while most parents (67% of the total surveyed) permitted their
daughters to access and use various devices to attain online
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education, 72 parents (29%) did not permit girls to access
devices needed to access education during the school closures
(Figure 7). Among households where girls were prohibited from
accessing devices, the reasons ranged from cultural or religious
to financial ones. Lower motivation to learn and decrease in
literacy were reported to be the major outcomes of COVID-19
(Figure 8).

Regression analysis results

The grade-appropriate tests administered at baseline and
endline provide us data for the assessment of grade-level
competence of the students and improvement in their scores
as a result of interventions administered in our sample. Before
discussing the regression estimates, a simple visualization of the
baseline and endline scores through box plots (Figures 9-11)
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Access to mobile phones during school closures.
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Percentage of online classes conducted during school closures. FIGURE 5
Reasons for not accessing online education during school
closures.

depicts an improvement in the students endline scores in the
TaRL and combined treatment groups for all three subjects
in contrast to the control group. However, we observed no
positive change in students’ endline scores in the fortnightly
assessment and digital training session treatment groups at this
stage. Section 4.3.1 and 4.3.2 below present regression results to
provide greater detail on the exact impact of the interventions
on students’ performance.
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Intention to treat effects

Table 5, below, shows the impact of our different
interventions on the standardized scores achieved by the
students. We found that the students randomly assigned to the
TaRL group increased their English and Urdu scores by 0.56 SD
compared to the control group following the 3 months of the
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FIGURE 6
Were either boys or girls given a preference in accessing technology during school closures?
Yes No Not Applicable

FIGURE 7
Were girls permitted to use devices during school closures?

intervention (see columns 1, 2, 4, and 5, row 2). However, our
results found no significant impact of TaRL on maths scores.
This is in contrast to what other studies evaluating the impact
of computer-assisted learning in under-resourced contexts have
found where observable significant and positive effect sizes on
student academic achievement of between 0.10 and 0.35 SD have
been noted (Banerjee et al, 2007; Mo et al, 2015). However,
our data on Urdu and English scores are consistent with these
studies. Our findings show that the combined treatment effect
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led to a 0.32 SD higher score in English compared to the control
group (column 2 and 5, row 1).

The interventions relating to fortnightly assessments and
the digital training sessions also demonstrate an improvement
in the English scores of the groups receiving this. Fortnightly
assessments resulted in a 0.33 SD higher score while digital
training sessions increased the English score of the treatment
group by 0.58 SD. These interventions, however, had no impact
on Urdu and maths scores (Columns 2 and 5, Row 3 and 4).
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Standardized Urdu scores before and after interventions.

Robustness of intention to treat OLS estimates

The first covariate is the wealth index of the households
constructed by using the first factors of polychoric principal
component analysis (see Table 1). The second covariate
is a dummy for gender, and the third is the dummy for
showing if the school continued online education during
due to COVID-19. These additional

school closures
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covariates did not change our previous findings, with
the TaRL intervention contributing to a positive and
significant improvement on the Urdu and English scores
of students.

Table 1 presents the impact of the wealth index on students’
standardized endline scores. We found that students with a
higher score on the wealth index scored 0.18 and 0.14 SD points
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Standardized English scores before and after interventions.

Standardized maths scores before and after interventions.
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higher in English and maths tests while 0.2 SD lower in the Urdu
tests after 3 months.

These findings may be supported by the fact that the
students from well-off families usually go to English-medium
schools where greater emphasis is given to English and
maths subjects. The students from higher-income brackets
usually have good English language skills compared to
Urdu. We can confirm it from the fact that the wealth
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index and baseline scores of students were positively
(Correlation coefficient = 0.16)
and English scores (Correlation coefficient = 0.27) while
negatively correlated with the Urdu scores (Correlation
coefficient = —0.05).
Gender did not
(Table 2). However, for students who continued to receive

associated with maths

significantly ~affect student scores

online education over the course of the school closures,
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standardized maths and English scores improved at the
endline (Table 3). At the same time, however, we found
no impact of online classes on the Urdu scores of the
students.

Again, in all specifications, TaRL significantly improved
Urdu and English scores with no impact on maths scores. Recent
research on the effectiveness of computer-assisted learning has
shown that insignificant or small impacts may be linked to a
lack of compliance with the intervention (Tang et al, 2018;
Mo et al., 2020). The next section takes non-compliance into
account and estimates the local average treatment effect on the
treated.

Local average treatment effects on treated

Using the 2SLS technique, IV estimates appear to indicate
that an extra day of attendance within the WhatsApp groups
formed for TaRL instruction increased Urdu scores by 0.03 SD
and English scores by 0.02 SD. See columns 1, 2, 4, and 5 in
Table 6, below.

However, the number of tests attempted under fortnightly
assessments did not increase student scores significantly in
any of the subjects. Since there was 100% compliance for
the digital training sessions treatment, we only tested the
dose-response value-added impact for TaRL and fortnightly
assessment interventions.

Rows 8, 9, 10, and 11 in Table 6 present the test
statistics for overidentifying restrictions and endogeneity.
The p-value of both Sargan and Basmann test statistics is
greater than 0.1; hence we reject the null hypothesis of
overidentification and misspecification of our structural
Durbin test
highly significant, so we reject the null of exogeneity;
test

model. and Wu-Hausman statistics are

we must continue to treat endline scores  as
endogenous.

Again a day’s increase in attendance in the WhatsApp
TaRL group led to a 0.04 SD increase in Urdu and a
0.03 SD increase in English scores. Hence, attendance in
TaRL groups turned out to be consistent and significant
in this specification as well. Online classes increased
students’ scores by 0.49 SD in English and 0.51 SD in
maths. We found a significant improvement in the English
and Urdu standardized scores in the TaRL treatment
group when wusing the ITT and LATE
the fortnightly assessment
not show any improvement in test scores at the endline.

of TaRL

approaches.
However, intervention did

However, we found no significant impact
on maths scores.

An
at the right level is the differential role of teachers
(2009)

suggested that adoption and compliance of computer-

important aspect of computer-assisted learning

in school- or home-based learning. Straub

assisted  learning  interventions

the

are significantly

dependent on teacher, even if the end-user is
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the student. Since greater teacher-student interaction
is required for effective maths understanding, our
intervention of TaRL, where video lectures were
shared  through  WhatsApp  messages when  the
schools were closed, could not have a significant
impact.

One piece of evidence done in the less-resourced regions
consistent with our finding is from De Witte et al. (2015). They
found significant improvement in standardized math scores of
the 9898 secondary school students in the Netherlands * low-
performing schools after the use of CAL software. In another
evidence is from United States African American Children.
Access to and use of computers and software had a positive
impact on the academic achievement of the students (Judge,
2005).

Research conducted by Leu et al. (2011) stated that students
living in the deprived areas rarely use the internet for learning
purposes. Thus, it is important to introduce contemporary
technical equipment as a learning tool from an early age
(Gutnick et al., 2011; Rideout, 2014).

Ma et al. (2020) conducted an RCT for measuring the
impact of CAL intervention on Math performance and academic
attitudes of rural students in Taiwan. They found no significant
ITT impact on math performance but LATE showed significant
improvement in the performance of the 30 most active students
in the treatment group.

An assessment from 215 students from 20 sessions in
Marathi schools in India suggested that computer-assisted TaRL
is effective for learning and teaching. Results from the study
revealed that students scored 100% in one of the eight phonic
skills and learning abilities increased approximately ten times.
Research evidence from another experimental study revealed
positive impacts of using technology within the education
system. Using technology in the TaRL approach enhances
productivity in the delivery of education (Muralidharan et al,
2017).

Muralidharan and Sheth (2016) have conducted a study
based on the Mindspark program. In their study, they have
offered 45 min of CAL software access to students and 45 min
for instructors. Students were able to open this program, 6 days
a week. Study results were analyzed in two forms; independently
collected test scores and school tested scores. Results from both
scores showed a significant positive impact of the intervention
on students.

A randomized control trial (RCT) conducted on computer-
assisted learning by the Gujrat government in India suggested
that CAL significantly improved the math scores of students
(Banerjee et al, 2007). A peer-reviewed study suggests that
computer-assisted instructions improve reading comprehension
levels for students with learning disabilities (Kim et al., 2017).
Researchers have also reported that this program is cost-effective
and can be implemented in school classrooms, in after-school
programs, or through self-guided study.
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TABLE 5 Intention to Treat estimates in regression framework (OLS).?

1 2 3 4 5 6

Dependent variable: Standardized subject score (endline)

Variables Urdu English Maths Urdu English Maths
Combined —0.125 0.318* —0.00983 —0.125 0.318 —0.00983
(0.211) (0.170) (0.211) (0.369) (0.180) (0.434)
TaRL 0.566*** 0.559*** —0.0387 0.566 0.559 —0.0387
0.173) (0.146) (0.181) (0.415) (0.320) (0.487)
FAS 0.0205 0.334** —0.225 0.0205 0.334 —0.225
(0.181) (0.151) (0.191) (0.414) (0.208) (0.351)
DTS —0.0575 0.578*** —0.195 —0.0575 0.578* —0.195
(0.176) (0.147) (0.185) (0.609) (0.293) (0.430)
Covariate
SD Score Urdu (Baseline) 0.415%** 0.415%%*
(0.065) (0.080)
SD Score English (Baseline) 0.627*4%* 0.627*%*
(0.0532) (0.105)
SD Score maths (Baseline) 0.4254%¢ 0.425%*
(0.0644) (0.182)
Constant —0.0817 —0.293*** 0.0777 —0.0817 —0.293* 0.0777
(0.099) (0.083) (0.105) (0.366) (0.140) (0.384)
Clustering at School Level N N N Y Y Y
Observations 208 208 208 208 208 208
R-squared 0.262 0.489 0.190 0.262 0.489 0.190

YRobust standard errors in parentheses. **p < 0.01, **p < 0.05, *p < 0.1. Combined is a dummy variable indicating a randomly assigned allocation for inclusion in the treatment group
of all three interventions in one leg. Teaching at the Right Level is a dummy variable indicating a randomly assigned allocation for inclusion in the treatment group for TaRL. Fortnightly
assessment is a dummy variable indicating a randomly assigned allocation for inclusion in the treatment group of fortnightly assessment. The digital training session is a dummy variable
indicating a randomly assigned allocation for inclusion in the treatment group of the digital training sessions. Tests in Urdu, English, and maths were designed to cover wide ranges of
achievement and linked between baseline and endline assessments, using common items. Scores are standardized to have a mean of zero and a standard deviation of one in the baseline.
All equations are controlled for standardized baseline subject scores in the baseline.

Stakeholder interviews and focus In terms of accessing education online, gender dimensions
group discussions also reflected some of the restrictions imposed in households,
specifically when it came to girls’ use of technology. In the EDA

Household resistance to the use of technology analysis, 80% of respondents indicated that they gave preference

Online education requires the cooperation of parents but, to boys over girls for using mobile phones. The focus group

as the feedback from the focus groups and key informant discussions with teachers indicated that often girls were not

interviews illustrated, this was not forthcoming. A number of allowed to use mobile phones, or else indicated that the uneven

reasons for the lack of parental cooperation were identified distribution of household chores contributed to girls’ lack of

The low literacy and educational attainment levels of the participation in online classes.

parents of the student population we were working with meant

that few parents were technologically literate. This translated Lack of training for teachers in the use of

into two specific barriers. First, parents” technological illiteracy technology

prevented them from supporting their children when accessing Aside from barriers relating to households, the
online education. Second, it led to parents reluctance in lack of teacher training in how to use technology to
allowing their children access to technological devices. Rather conduct online classes was identified as a barrier. In
than seeing technology as a medium to access educational the context of the study, teachers were ill-prepared to
content, technology was instead perceived by parents to be a teach remotely using technology and were not given the
mechanism through which children were idly spending their tools needed to do so. While teachers required time to
time surfing the internet. acclimatize to this new normal, the reality was that several
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TABLE 6 Average treatment effect on treated in IV regression framework (2SLS).€

1 2

3 4 5 6

Dependent variable: Standardized subject score (endline)

Variables Urdu English Math Urdu English Math
Attendance Days 0.0338*** 0.0250** 0.00360 0.0338 0.0250 0.0036
(0.0116) (0.0104) (0.0119) (0.0228) (0.0189) (0.025)
Tests Attempted (FAS) —0.0158 0.0294 —0.0316 —0.0158 0.0294 —0.0316
(0.0385) (0.0344) (0.0397) (0.0753) (0.0498) (0.0510)
SD Score Urdu (Baseline) 0.419*%¢ 0.419*%%¢
(0.0633) (0.0813)
SD Score English (Baseline) 0.645%** 0.6454%*
(0.0559) (0.101)
SD Score maths (Baseline) 0.418*** 0.418**
(0.0638) (0.165)
Constant —0.0970 —0.110 0.0174 —0.0970 —0.110 0.0174
(0.0834) (0.0738) (0.0858) (0.274) (0.160) (0.240)
Clustering at School Level N N N Y Y Y
Observations 208 208 208 208 208 208
R-squared 0.203 0.387 0.181 0.203 0.387 0.181
Sargan (Chi?) 5.7061** 6.17** 1.43 1.61 1.003 1.03
Basmann (Chi?) 2.8489 3.09* 0.69 NA NA NA
Durbin (score) Chi? 4,52792%%* 0.343 0.29 NA NA NA
Wu-Hausman 4.51742%%* 0.335 0.28 NA NA NA

“Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. ‘Attendance days’ is the number of days students remained in the WhatsApp group formed for TaRL instruction.
“Tests attempted’ is the number of tests attempted by the students in the FAS treatment group out of a total of 6 tests. Tests in Urdu, English, and maths were designed to cover wide

ranges of achievement and linked between baseline and endline assessments, using common items. Scores are standardized to have a mean of zero and a standard deviation of one in the
baseline. All equations are controlled for standardized baseline subject scores in the baseline.

stakeholders identified that teachers were not given the
support they needed to switch from face-to-face to online
teaching.

Policy implications

This study has revealed a number of important findings.
Some of these relate specifically to the use of technology-
assisted TaRL, while other insights are more generally related
to the use of technology to support education. Specifically,
TaRL is a promising approach to teaching, which has
demonstrable positive effects on learning outcomes. However,
there are general challenges relating to technology adoption
that must be overcome before technology-enabled TaRL can
be incorporated more widely. This section presents some
of the main issues that policymakers need to take into
account when designing a technology-assisted TaRL program
in Pakistan. 1. Actively involving school actors in the design
of a technology-assisted TaRL intervention is important for
the long-term buy-in of teachers and students. One of the
challenges that this study faced was the resistance of school
actors in implementing this intervention. By extension, this
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led to challenges of non-compliance among students selected
to take part in the program. Where school teachers were
supportive of our intervention, students were more proactive
in the WhatsApp groups that were being administered by us.
The opposite was also true with a lack of teacher support
resulting in less student compliance. Part of the resistance
stemmed from school officials believing the intervention
created more work for them and the students. Therefore,
any TaRL intervention should be integrated into existing
processes. It must also avoid overburdening both students and
teachers in order to get adequate buy-in. 2. Understanding
the complexities involved when it comes to implementing
technology-assisted TaRL interventions and how this can
impact their level of success is key. For the purposes of
this study, the design was heavily reliant on hiring specialist
volunteers to administrate the WhatsApp groups through
which interventions were administered. Similarly, due to the
school closures, the intervention was largely implemented
out of school and at home. Lastly, the interventions were
made in addition to the instructional time being offered by
schools. Each of these factors affected student and teacher
compliance. For example, interventions were administered
at the household level, despite our interviews appearing
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to conclude that the households in the context we were
working in appeared to harbor largely negative attitudes
toward technology. Policymakers would therefore need to
Investigating the Impact on Learning Outcomes of EdTech
in Punjab, Pakistan 45 EdTech Hub consider the best mix
of approaches when designing a technology-assisted TaRL
intervention. While the interventions that we administered
for this study did not provide support to any of the
households, given the importance of such support we would
also recommend that any program carefully look at what
support households could be given to facilitate students
learning. 3. Considering factors relating to access and use
of devices beyond device ownership alone is essential. The
design of our study was to a large extent influenced
by the types of devices households in the poor rural
contexts we were working in had access to, namely, mobile
phones. We found, however, that even where household
ownership of mobile phones was high, internet costs associated
with accessing WhatsApp—the main medium through which
our intervention was rolled out—was a big challenge in
terms of engaging students within our treatment groups.
This supports Muralidharan et al. (2017), who found that
any technology-aided instruction involving even a small
cost limits the ability of low-income students to benefit
from the program. In such contexts, policymakers must
consider costs relating to hardware, alongside costs that
end-users may face. Policymakers may wish to consider
whether and how some of these costs can be subsidized. 4.
Community perceptions of technology must be factored into
the planning of any technology-supported education programs.
Lack of implementation fidelity was a significant challenge
in delivering this research. There were significant levels of
non-compliance among participants. Our research identified
that this non-compliance largely stemmed from limited pre-
existing exposure to technology among the participants’
families and teachers. Where technology use was more
common it was generally used for entertainment purposes,
rather than education. These kinds of cultural norms and
reluctance to use technology to support learning must be
addressed before EdTech can support learning among the most
marginalized.

Conclusion

The objective of this study was to test the impact of a
technology-assisted TaRL intervention on student learning
outcomes during school closures in the low-income district
of Bahawalnagar in Pakistan. This was undertaken using
low-tech solutions. Our findings showed a significant
and positive impact on the Urdu and English scores of
students who were part of the TaRL treatment group.

However, no significant impact of the TaRL intervention
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was found for maths scores. The digital training session
and fortnightly assessment treatment groups were found
to have positive and significant effects only on English
scores. The impact of the intervention was found to be
linked with both the fidelity of user uptake, as well as
cultural norms surrounding the use of technology among
the beneficiary communities. Interestingly, the study found
that gender did not seem to be a determining factor in the
learning outcomes generated. However, it was observed
that students from higher-income households generally
had higher levels of engagement with the intervention,
and therefore, income was linked to better learning
outcomes of students.

This study concluded with a set of key policy suggestions
based on the findings emerging from the study. This
includes policy suggestions relevant to the deployment of
technology-enabled TaRL solutions, as well as the deployment
of technology-facilitated learning interventions more generally.
These recommendations include ensuring that school actors
(i.e., teachers and students) are involved in the design of
technology-assisted TaRL solutions to foster buy-in, applying
due consideration to how the implementation modalities
may influence the uptake of the TaRL tools, expanding
access considerations well beyond device ownership and
considering cultural attitudes to technology during program
design. Considering these important areas during the design
and implementation of both technology-enabled TaRL
programs and EdTech interventions more broadly, are likely to
significantly improve the success of future similar initiatives.

Identifying the most effective modes of delivery for the
program at larger scale is an important area for future research
(Muralidharan et al,, 2017). Further our findings on Digital
training sessions should not be deemed as there is no impact
of teacher training on student performance. Since the schools
remained closed during most of the intervention period and
some of the schools were not even delivering online instruction,
the intervention showed no significant improvement in test
scores of students in Urdu and Math subjects. Similarly, no
significant LATE for FAS may also be seen from the same lens.
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