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There is a growing public concern in Kenya over the persistent gap between those
schools that are consistently ranked at the top and those ranked at the bottom of the
annual Kenya Certificate of Primary Education (KCPE) examination league tables. This has
raised the issue of inequality in educational opportunity. Our primary concern in this
paper is to understand some of the classroom—school factors that may explain the
persistent differences in achievement between the top and bottom schools. We focus on
time-on-task (the length of exposure to any particular teaching and learning task) and cur-
riculum content, and ask whether this explains the difference in performance. We test the
following hypotheses: differences exist on teachers’ time-on-task between low and high
performing schools; greater teacher time-on-task has a positive effect on student gain
score; and greater content coverage has a positive effect on student achievement. For the
student achievement gains, we use item response theory test scores of 1889 Grade 6
pupils from 70 schools in Kenya. Data on time-on-task were generated from 70 maths les-
sons observed in these schools, while content coverage was developed from students’
maths note books for the entire period they were in Grade 6. The study was conducted
by a team of researchers at the African Population and Health Research Center (APHRC)
with funding from Google.org. Using two level hierarchical modelling, we control for pupil,
teacher and school factors. Results show that exposure to content is positively correlated
with pupil gain scores (gain score is the difference in score between test at time t/ and
test at time t2 of the same pupil taught by the same teacher). Maths teachers in both bot-
tom and top performing schools spend the same proportion of time-on-task. However,
we do not find that time-on-task is related to achievement in this sample.

Keywords: time-on-task; content coverage; achievement; item response theory; gain
score; opportunity to learn

Introduction

There are numerous studies going as far back as the 1970s which are devoted primarily to
understanding the effect of instructional time on learner achievement, but regrettably, the
duration required for improving student achievement is still blurred (Abadzi 2009; Benavot
and Amadio. 2004). The consequence of the lack of this vital information is that policy advice
has been difficult to come by, particularly in low income, developing countries where there
are desperate efforts to find what works in improving learning outcomes for the majority of
pupils. Therefore, reasons that cannot be easily manipulated through policy such as lack of
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incentives, limited or no community involvement, malnutrition, and poverty are often blamed
for poor achievement. This paper explores further in the context of Kenya the relationship
that exists between instructional time, content coverage and student achievement. It does
this through the analysis of classroom observation videos of 72 schools from across the coun-
try, randomly chosen within low and bottom performing schools categories in the Kenya
Certificate of Primary Education (KCPE) examination taken at the end of the eight years pri-
mary cycle, and which is used for selecting pupils into the various categories of secondary
schools across the country. The objective is to establish if there are differences in the active
teaching (teaching strategies maximising interaction opportunities) and content coverage that
may explain the persistent difference in pupil achievement in the top and bottom performing
categories of schools. The rest of the paper presents a summary of the literature relevant to
this theme. This is followed by presentation on the methodology, including data used, the
findings, analysis and discussion, and finally the conclusion and recommendations.

Summary of the literature

Student achievement is a product of, among many other factors, the amount of exposure
students have had to the content of what is to be assessed (Suter 2000). Carroll (1963) in
his classical work suggested that the amount of time spent learning is determined by two
factors: (1) the opportunity to learn in the form of the amount of time the school and the
teacher allocate to a particular learning task or subject area; and (2) learner perseverance,
or the amount of time the learner is willing to engage actively in learning. Studies have found
existence of a strong, positive, and consistent relationship between the time students spend
in learning and their subsequent achievement performance — and this continues to be an
area of interest in teaching research (Rowan, Correnti, and Miller 2002). However, in pro-
cess—product research, it is argued that what matters is not the amount of time assigned to
learning any particular subject, or the time students are actively engaged in instruction dur-
ing class time, but how teachers use this instructional time (Rowan, Correnti, and Miller
2002). Time-on-task provides pupils with the opportunity to be exposed to the subject
content and hence the opportunity to learn (Gillies and Quijada 2008).

The time-on-task literature indicates that opportunities to learn and student perfor-
mance are increased in classrooms where teachers maintain the continuity of the lesson.
Understanding the effect of instructional time on academic achievement is therefore
regarded as being very important because of two main reasons: (I) time in class is a choice
variable that is affected by policies (e.g., prolonging the school calendar year); and (2) it
provides a more general sense of how schooling produces better academic performance
irrespective of pupil level variables (Marcotte 2007). In addition to active teaching, process-
product research also finds a strong relationship between content coverage and student
achievement, and that variations in student achievement can be explained, at least in part by
variations in content coverage (Barr and Dreeben 1983).

Literature based on developing countries shows that students are often taught for only a
fraction of the intended number of hours. Normally, instructional time is wasted through
informal school closures, teacher absenteeism, delays, early departures and poor use of
classroom time (Abadzi 2007; Gillies and Quijada 2008). Further, it is argued that teachers
who are present are often involved in other activities, leaving students to play instead of
engaging in learning (Pontefract and Hardman 2005). In most cases, valuable time is spent
handing out textbooks, copying from the blackboard or doing small chores. Also, teachers
may interact only with the small number of students who are of higher ability and exclude
the rest and, to worsen the situation (Baumert 2010), there is no evident system to track
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and improve the situation (Abadzi 2007; Independent Evaluation Group [IEG] 2008). Teach-
ers, as they interact with students, are the ultimate arbiters of what is taught (and how);
they make decisions about how much time to allocate to a particular school subject, what
topics to cover, when and in what order, to what standards of achievement, and to which
students, and collectively these decisions and their implementation define the content of
instruction (Schwille et al. 1983; Brophy 1982). Increasing time on learning has also been
linked to enhanced skill development and deeper conceptual understanding (Clark and Linn
2003; Smith 2002). These and other studies show a positive correlation between time spent
on content and student learning (Huyvaert 1998; Rangel and Berliner 2007).

There continues to be inquiry by scholars on how time is spent in schools. Benavot and
Amadio (2004) and Benavot (2006) indicate that primary school curricula can be classified
into six subject areas. These are mathematics, science (natural), social science, physical edu-
cation, aesthetic education and languages. A study by Abadzi (2007) indicates that these sub-
jects receive between 80% and 90% of overall instructional time during the first six years of
schooling. In primary schools, one-third of all instructional time on average is devoted to
language instruction while 20% is devoted to mathematics. Arts, sciences, physical education
and the social sciences (history and geography) get about 10% of instructional time each on
average. However, some systems, including many in sub-Saharan countries, may also include
religious/moral education, hygiene/health education, and vocational education/practical skills.
The time devoted towards language is a reflection of the fact that pupils have to learn Eng-
lish or French, or other ‘colonial’ languages that have been accepted as the national language.
In other instances, language time also doubles as literacy time.

Methodology
Data

Data for this study comes from the classroom observation study carried out by the Educa-
tion Research Program (ERP) at the African Population and Health Research Center (APH-
RC) in May and July 2009 and February and March 2010. The study involved collection of
data from randomly selected schools in randomly picked districts of Kenya. The sampling
process is random but within certain categories. First, districts were chosen for inclusion in
the study by their performance rank in the Kenya Certificate of Primary Education (KCPE)
Examination, which, as noted earlier, is a summative examination taken by pupils at the end
of the primary education cycle. The score in this examination is normally used to for screen-
ing those who transit into the different categories of secondary schools in Kenya. The Ken-
yan 76 districts were first stratified into 10 (10% each) deciles according to their
performance in KCPE over the recent past four consecutive years. This stratification enabled
us to select districts that have consistently performed at the top 10%, middle 20% and bot-
tom 10% for each of the four years. Using this criterion, six districts were randomly
selected, two from each of the categories.

The second level of sampling involved random selection of schools from the sampled dis-
tricts. The selection of schools largely followed the procedure used to select districts: how-
ever, schools within each district were ranked into five quintiles (of 20%) according to their
performance in KCPE during the same period. Thereafter, a random selection of six schools
that were ranked consistently in the top 20% and six ranked consistently in the bottom 20%
was undertaken. In total, 72 schools were randomly selected, 12 from each of the six
districts on the basis of their ranking in the KCPE examination.

The classroom observation study employed a mixed methods approach: that is, data
were collected using various methods and tools during the two rounds. The first round
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involved lesson observation using observation checklists and video-recording of an actual les-
son (with the consent of the teacher and the head teacher on behalf of all the pupils, as
tends to be the practice in Kenya); use of a questionnaire to collect data on school, pupil,
and teacher characteristics, and a maths test for the Grade 6 pupils and their maths teach-
ers. The second round involved collection of the opportunity to learn (OTL) data and
retesting the pupils using the same test used in Round | with the questions re-shuffled. The
OTL data collection involved reviewing exercise books from at least three high ability pupils'
in each subject and recording the content, sub-topic, and topic covered within the classroom
for the whole academic year using a structured questionnaire.

This paper uses data generated from the maths video-recording, teacher, pupil and
school characteristics, and maths OTL. In total 72 video recordings were collected and 2437
and 72 pupils and teachers were interviewed and tested respectively. School characteristics
information was also collected from 72 head teachers, and included information on school
management, staffing, enrollment and parental participation in the school’s affairs. In the sec-
ond round, 1907 of the pupils from 71 schools who had participated in the first round were
re-tested, and OTL data was collected from 70 maths teachers. Therefore, this study uses
data from 70 schools, involving 1889 pupils and 70 maths teachers, with complete OTL, tea-
cher, and pupil and school information. The teacher questionnaire collected information on
teacher attributes such as age, sex, years of teaching experience, level of education and any
other relevant professional qualifications. It also gathered data on teacher socio-economic
status, and the internal and external support teachers had received, among other things. The
pupil questionnaire collected information on pupil bio-data, socio-economic background of
the pupils, the school environment and their parental educational level (Ngware et al. 2010).

Analytical plan

The purpose of this paper is to establish the effect of active teaching and content coverage on
student achievement levels between low and high performing schools, and thereby attempt to
answer the question of why some schools continue to dominate the examination league tables
while others are confined to lower ranks. We made the assumption that active teaching and
content coverage is a resource that varies between schools, while pupil ability varies among
pupils in the same school. To conduct this analysis we will fit a two-level multilevel model to
evaluate to what degree content coverage, proportion of lesson time spent on active teaching,
and pupil and school and other teacher variables influence student achievement.

Variables and their measurement

e Maths (test) gain score: item response theory (IRT) was used to calculate test scores
at Time | and Time 2. The IRT scores generated from 40 items in each test using the
Rasch models implemented in Winsteps software (Rasch Measurement Software and
Publications 2002). IRT uses maximum likelihood estimation methods and comprises a
group of parametric and non-parametric models. The Test | and Test 2 IRT scores
were thereafter used to calculate the student IRT gain score.

e Proportion of lesson time spent on active teaching: Active teaching in this study is
defined as the proportion of lesson time spent on active teaching activities. In total,
the video rubric had 33 specific activities of which |1 (33.33%) were identified to
involve active teaching. The amount of time spend in the || activities was tallied and
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the proportion relative to lesson duration calculated in cases where the lesson was
more than 35 minutes, or else used 35 minutes. This is due to the fact that a single
lesson in Kenya Upper Primary (Grades 4 to 8) school is 35 minutes long.

e NBTLM: This is the availability of non-basic teaching and learning materials (NBTLM)
in the classroom such as wall charts and visual aids: coded as 0 = not available and |=
available.

e Opportunity to learn (OTL): This is the proportion of content covered in mathemat-
ics at Grade 6 relative to the Grade 6 math syllabuses. The syllabus contains broad
areas of study (topics), which are further sub-divided into sub-topics. Under each sub-
topic are the finer areas (contents) of coverage.

e Teacher sex: This is the gender of the teachers coded as 0 = female and | = male.

e Teacher math score: Teacher pedagogical knowledge as percentage score in the maths
teacher test.

e Lesson observation: Frequency in which the head teachers carries maths lesson obser-
vation as reported by the subject teacher.

e Pupil sex: Gender of the pupil coded as 0 = female and | = male.

e Mother and father education: Education level of the pupils parents as reported by the
pupil: Coded as | = no/primary; 2 = at least secondary and 3 = don’t know.

e Maths homework: The number of days the pupil has maths homework, coded as | =
less than four days a week; 2 = at least four days a week

e School category: School category during sampling, | = top schools; 2 = bottom
schools.

e School type: Type of school: | = private; 2 = public.

e PTR: Pupil teacher ratio: coded as | = less than 26; 2 = between 26 and 45; 3 =
above 45.

e School poverty — poorest 20%: Wealth index is calculated at pupil level and aggre-
gated at school by calculating the proportion of pupils within the school ranked in the
poorest 20% relative to the district’s wealth index.

Models

The model fitted in this study takes the form shown in Equation I, which is a value-added
model, that describes the gain achievement (AYj) for pupil i in school j decomposed into
fixed and random effects.

The pupil gain score is a function of pupil (X), teacher (T) and school (S) characteristics
and a random error (¢) (Rivkin, Hanushek, and Kain 2005). The pupil characteristics include
age, gender and parental education; teacher characteristics include gender, subject pedagogi-
cal knowledge, use of non-basic teaching and learning materials and experience; while the
school characteristics included head—teacher supervision, school type and category. Since
our data consists of one teacher per school, the teacher characteristics can also be said to
be school level characteristics. However, for the purpose of highlighting which characteris-
tics describe schools and which describe teachers, we present them independently in the
model. Therefore, the proportion of time on active teaching and content coverage, our main
explanatory variables, are considered as teacher characteristics.

From Equation |, we first fitted a null model with an aim of detecting significant differ-
ences in student achievement between schools without predictors being considered (Equa-
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tion 2). The null model is used as a base to determine the relative reduction in variance that
is attributable to the predictors added thereafter in the model (e.g., school and pupil vari-
ables).
Ay; = B+ e; e ~N(0, a2) 2)
B = Bo + u; u ~N(O, al)

In the next model we carry out a univariate analysis using the main explanatory variables,
time on active teaching and OTL. OTL was calculated in three different ways: proportion of
topic, sub-topic and content covered. We fit a univariate model for each of the OTL mea-
sures in order to isolate the one that is highly related with pupil gain score and to be used
in the subsequent models. We thereafter control for pupil and both school and teacher
characteristics independently as the only predictors. In the final model, we control for both
pupil and school level characteristics in the same model. The final model is as presented in
Equation 3.

{Ay,—,— = Poj+ Brxj+ Byt + Pr.s;+ e ;€5 ~N(O, a2) 3)
By = Bo + uj; u ~N(O, al)

This type of modelling allows us to estimate the relative variance attributable to the differ-
ent level predictors — i.e., the amount of variation attributable to Level 2 predictors relative
to Level | predictors.

Results
Background characteristics

The study involved 1889 pupils: girls (924) and boys (965) and 70 teachers and schools.
There were notable significant differences in parental education: 57.73% of the pupils in top
schools reported that their mothers had at least secondary education compared to 46.1% in
the bottom performing schools (Table ). Similarly, 63.63% of the pupils in top schools
reported that their fathers had at least secondary education compared to 49.74% in the bot-
tom performing schools.

In the top schools teachers scored a mean of 62.83% in the maths test whereas those in
the bottom schools scored a mean of 58.32%; however the difference was not statistically
significant. There is a significant difference in the availability of non-basic teaching and learn-
ing materials (NBTLM) in the maths lessons between the top and bottom schools. That is
82.35% of the bottom ranked schools had no NBTLM as compared to 58.33% of the top
ranked schools. Head teacher lesson observation was rare; with 60% of the maths teachers
reporting that head teachers rarely or never observed them teach. There is also a significant
difference in the proportion of poor pupils in a school ranked in the poorest 20% category
relative to its district wealth index: 25.90% compared to |13.74% among the top schools.

OTL and time on active teaching by school category

Table 2 shows the mean content coverage and proportion of lesson time used in active
teaching by school category. Teachers in both bottom and top performing schools spend the
same proportion of lesson time in active teaching as well as content coverage. Table 2 also
shows that while most of the teachers covered 91% and 88% of the Grade 6 math syllabus
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Table 2. OTL and time on active teaching by school category.

Top Bottom

Mean Std. dev Mean Std. dev  P-values

Proportion of topic covered 0910 0.125 0.875 0.141 0.280
Proportion of sub-topic covered 0.737 0.160 0.685 0.153 0.167
Proportion of content covered 0540 0.147 0474 0.164 0.079

Proportion of lesson time on active teaching  0.621  0.168 0.617 0.186 0911

in terms of topics, the content coverage was very low (54% and 47%) among the top and
bottom schools respectively.

Univariate results: OTL and time on active teaching

Table 3 presents both null model and univariate results on the effects of proportion of top-
ics, sub topics and content coverage, as well as time on active teaching on pupil IRT gains
score. The intercept of 0.56 in the null model indicates the estimated overall school average
in student achievement. The random part of the null model reveals that the variance at pupil
and school level is significantly different from zero. This means that there is significant varia-
tion in mean school gain scores. Therefore, 10.4% of the total variance in pupil IRT gains
score is attributable to the school level.

The univariate results also show that a unit increment in the proportion of topic and
content covered in math classes significantly increases pupil IRT score by 0.585 and 0.372
respectively; while the proportion of sub-topics covered is significant at 10%. However, the
proportion of time on active teaching is not significantly associated with pupil gain score.
The proportion of topic, sub-topic and content covered, as well as time on active teaching,
are at school level, and are associated with decreases in the school level variance (14.83%,
7.14% and 7.14% respectively); hence each of these OTL measures account for some of the
variation in school level seen in the null model. From Table 3, since the proportion of topic
covered (OTL) is highly associated with pupil achievement; it is used in the subsequent anal-
ysis, together with time on active teaching.

Effect of OTL and time on active teaching controlling for Level | predictors

In Table 4, Model 3 shows the results on both OTL and time on active teaching. The results
indicate that OTL significantly influences pupil IRT score, while time-on-task still remains
insignificant and negatively influences pupil IRT gain score. The variance at Level 2 decreases
insignificantly by 2.63% in Model 3, when compared to univariate results on the proportion
of topic coverage on IRT gain score presented in Table 3 (Model 2(a)). Model 4 controls for
pupil characteristics, where OTL remains positive and statistically significant. With an excep-
tion of pupil age (significant at 10%), the other pupil characteristics insignificantly influence
pupil IRT score. The intra-class correlation for Model 3 reduces insignificantly when the
pupil level factors are introduced; i.e., from 8.9% to 8.1% in Model 4. This is coupled by a
reduction in school level (Level 2) variance by 10.81% with very little proportional variance
reduction at pupil level. Furthermore, when the null model is compared with Model 4 that
controls for pupil (Level |) predictors there is a 25% decrease in variance at Level 2.

Model 5 of Table 5 shows the effect of OTL and active time on teaching when control-
ling for school and teacher characteristics. The significant effect of OTL as seen above dimin-
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ishes, though it remains positive (0.428, CI: -0.028; 0.884). The proportion of time utilised
on active teaching also remains insignificant and negatively associated with pupil IRT gain
score. With the exception of the availability of non-basic teaching and learning materials
(NBTLM) and pupil teacher ratio (PTR), all other school and teacher variables are
insignificant. The intra-class correlation decreases to 5.4%. This shows that the school level
variables are attributable to the reduction of variation at school (Level 2) level.

Effect of OTL and time on active teaching controlling for both level | and 2
predictors

The final model (Model 6) is the full model and shows the effect OTL and time on active
teaching on pupil IRT gain score, controlling for pupil, school and teacher characteristics.
Proportion of topic covered (OTL), though positive is not significant — i.e., pupil IRT score
increases on average by 0.258 points holding pupil, school and teacher characteristics con-
stant. In schools that had NBTLM available in the classroom, pupils gained significantly higher
IRT scores compared with those where the materials were not available.

The results further show that an increase in pupil teacher ratio is associated with a sig-
nificant decrease in pupil IRT gain scores. That is, in schools that had a PTR of more than
45, their pupils gained on average -0.213 IRT scores. Pupil IRT gain score is also negatively
associated with pupil age. A one year increment in the age of the pupil is associated with a -
0.016 IRT gain score. It is also evident that there is no significant difference in pupil IRT gain
score between top and bottom performing schools, despite the fact that bottom schools
gained negatively (Models 5 and 6).

The random part of Model 6 shows a reduction of the intra-class correlation to 5.1%:
this is attributable to the decrease in school level variance from 0.022 to 0.020 (9.10%), with
pupil level variance largely remaining the same. Therefore, much of the variation noted in
pupil IRT gain scores is attributable to unobserved pupil level characteristics rather than
unobserved school level characteristics.

Conclusion

The purpose of this paper was to examine the effect on active teaching and content cover-
age on pupil achievement, and thereby to try to answer the question of why some schools
dominate the league tables in Kenya certificate of primary education while are others are
confined to the bottom ranks. Active teaching was measured by the proportion of lesson
time spent on active teaching activities, and content coverage was measured by the propor-
tion of content covered at Grade 6 relative to the Grade 6 Kenyan maths syllabus content.
The study findings indicate that content coverage positively and significantly influences pupil
achievement if it is the only predictor. There is no support for the hypothesis that time-on-
task predicts achievement.

The results further indicate that the proportion of topic, sub-topic and content covered,
as well as time spent on active teaching at school level, are associated with a decrease in
the school level variation. This is an indication that these opportunity to learn measures
account for some variation at school level. When controlling for pupil, school and teacher
characteristics, schools that had non-basic teaching and learning materials available in the
classroom, had their pupils gaining significantly higher IRT scores compared with those
where the materials were not available. The results also show that an increase in pupil tea-
cher ratio is associated with a significant decrease in pupil IRT gain scores.
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Nevertheless, there is no significant difference in the proportion of lesson time spent on
active teaching and opportunity to learn between top and bottom performing schools. It is
also evident that there is no significant difference in pupil IRT gain score between top and
bottom performing schools, despite the fact that bottom schools gained negatively (i.e., Test
I was lower than Test 2). Therefore, we concluded that opportunity to learn and active
time-on-task are not the source of variation in pupil achievement between top and bottom
performing schools in this sample. Answers to the variation lie elsewhere, and instead of
blaming teachers in low performing schools, the Kenyan government may need to look dee-
per at non-school factors as being, partly, the main cause of the persistent differences which
yields the undesirable failing schools and a few succeeding schools in the Kenyan national
examination league tables annually.
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