EDUCATIONAL PSYCHOLOGY
https://doi.org/10.1080/01443410.2021.1894324

The elusive relationship between time on-task and
learning: not simply an issue of measurement
Karrie E. Godwina,b , Howard Seltmanc
Skerbetze,f,g, Shimin Kaid, Ryan S. Bakerh

, Ma Almedad, Mandi Davis
and Anna V. Fisheri

a
Department of Psychology & the Sherman Center for Early Learning in Urban Communities,
University of Maryland Baltimore County, Baltimore, MD, USA; bDepartment of Educational
Psychology, Kent State University, Kent, OH, USA; cDepartment of Statistics, Carnegie Mellon
University, Pittsburgh, PA, USA; dDepartment of Human Development, Teachers College Columbia,
New York, NY, USA; eJohns Hopkins University, Baltimore, MD, USA; fDallas Academy, Dallas, TX,
USA; gSouth Fayette Township School District, Mcdonald, PA, USA; hUniversity of Pennsylvania,
Graduate School of Education, Philadelphia, PA, USA; iDepartment of Psychology, Carnegie Mellon
University, Pittsburgh, PA, USA

ABSTRACT

ARTICLE HISTORY

According to the time on-task hypothesis, the amount of time an
individual devotes to an instructional task determines the extent
to which learning occurs. Therefore, time off-task hampers learning by limiting learning opportunities. Prior research has generally
found a positive relationship between time on-task and achievement; however, the correlation strength is highly variable across
studies. Differences in the ways in which time has been operationalised may be one factor contributing to the divergent results.
We utilise an existing data set of twenty classrooms (K-4) to investigate whether operationalising time in a consistent manner will
yield a stable association between on-task behaviour and learning. Overall, on-task behaviour was positively correlated with
learning, controlling for gender, school type, and grade-level.
However, this correlation was weak. Importantly, considerable
variability in the correlation strength was observed, indicating variations in the prior literature cannot be attributed solely to issues
of measurement.
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Introduction
A common belief in education is that better learning outcomes should result the more
time students spend on a given task. This popular assumption was characterised by
Carroll (1963) as the Time-on-Task hypothesis. The Time-on-Task hypothesis prompted
an up swell of research aiming to demonstrate that learning is a function of the
amount of time spent on a specific task (Cobb, 1972; Fredrick et al., 1979; Lahaderne,
1968; McKinney et al., 1975; Samuels & Turnure, 1974). Practitioners and policy makers
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are also interested in research on time as they are committed to identifying predictors
of achievement that are malleable. Unfortunately, many of the strongest predictors of
achievement are not amenable to intervention (see Karweit & Slavin, 1980 for discussion). However, time is (in principle) malleable and therefore it could be targeted
through interventions that aim to increase instructional time or alternatively optimise
how instructional time is used.
Despite the extensive body of research investigating this topic, the relationship
between time and learning remains elusive as prior research has obtained mixed findings. In the prior literature, a positive association between time spent on-task and
achievement has typically been found, yet the correlation strength vacillates dramatically
across studies (e.g. see Karweit, 1984 for review; for more contemporary examination of
this topic see: Baker, Corbett, et al., 2004; Connor et al., 2009; Fisher et al., 2014; Gobel,
2008; Godwin, 2015; Godwin & Fisher, 2014; Kovanovic et al., 2015; Kupiainen et al., 2014;
Moffett & Morrison, 2020; Roberge et al., 2012). Indeed, in our review we found estimates
for the correlation strength between measures of time and learning/performance ranged
between .23 and .78 (similar ranges were found for the association between measures
of time off-task and learning/performance with estimates ranging from .07 to .53;
although note that some significant positive estimates have also been obtained; e.g.
Choudhury and Gorman (2000). See Table 1 for a selective overview of the correlations
between learning outcomes and different measurement levels of time (i.e. student level,
classroom level, and quantity of schooling) for a variety of grade levels from kindergarten
to high school. For similar discussion regarding the relationship between homework
time and achievement see Cooper et al. (2006) and Flunger et al. (2015).
The reasons for the wide variability in the estimates of the strength of the relationship between time on-task and learning are not fully understood; however,
recent research may point to an explanation for this phenomenon. It is possible
not all tasks are equally beneficial for learning and thus the relationship between
time and learning may not be uniform across tasks. In line with the time-on-task
hypothesis, Carvalho et al. (2017) found time on-task was a significant predictor of
adult students’ quiz and exam scores: students were more likely to obtain higher
scores the more time they spent reading assignments and completing instructional
activities. Critically, time spent on these different tasks did not translate into equal
learning benefits. On average students needed to spend 13.8 h per week reading
compared to 1.5 h per week completing activities to obtain the same 1 SD increase
in quiz scores. This finding was taken as support for the ‘doer effect’, but simultaneously provides evidence the relationship between time and learning is not
straightforward and the magnitude of the hypothesised benefits of time may not
be due solely to the quantity of time spent on-task but may vary based on the
quality and nature of the learning activities.
Karweit and Slavin (1982) provide another feasible explanation for the mixed findings; across the prior literature, in addition to methodological and procedural differences, researchers have utilised numerous operational definitions of time (see Caldwell
et al., 1982; Fredrick & Walberg, 1980; Goodman, 1990; Karweit & Slavin, 1981; Wiley &
Harnischfeger, 1974). For instance, time has been defined at the student-level and thus
operationalised as on-task behaviour, engaged time, and looking time—proxies for
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Note. The table provides the correlation coefficients between measures of time and learning/performance outcomes by study as well as contextual information including the grade level
of the participants and the level of measurement for time (i.e. student level measures which include proxies for attention such as engaged time, looking time, or proportion of on/offtask behaviour; classroom level measures such as the amount of time scheduled for instruction, as well as school quantity including length of the school day or year and attendance).
Note that some studies report measures of time off-task (see column 5) as opposed to on-task (see column 4) these values are noted in separate columns to aid interpretation. Unless
otherwise specified, multiple values reflect the range of correlations reported in a study.
Significant correlations (p < .05) are denoted by *, 1 indicates marginally significant correlations (p < .10); “a” indicates that significance was not reported.
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Table 1. Correlations between time and learning outcomes: a selective summary of the prior literature.
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attention (Choudhury & Gorman, 2000; Cobb, 1972; Fisher et al., 2014; Godwin, 2015;
Godwin & Fisher, 2014; Godwin et al., 2016; Lahaderne, 1968; Lee et al., 1999). Time
has also been defined at the classroom-level, and thus operationalised as the amount
of time allotted or the time spent on a specific subject area or activity (Arlin & Roth,
1978; Baker et al., 2004). Still others have connected time to the quantity of schooling
students’ receive and operationalised time as the length of the school day, length of
the school year, total number of school days attended, or years of schooling (Agrawal,
Smith, & Wick, 1977 as cited in Fredrick & Walberg, 1980; Cooper et al., 2010; Hough &
Bryde, 1996; Hyman et al., 1975; Karweit, 1973; Roby, 2003; Wiley & Harnischfeger,
1974). Given the assorted definitions of time used in the prior literature the lack of
consistent findings is perhaps to be expected.
Karweit and Slavin (1981) tested this possibility by examining whether time (in any
form) was a significant predictor of student achievement. Eighteen elementary classrooms were recruited for this observational study, and a small subset of students (6
per class) were selected to participate. The students were observed during mathematics instruction. Four measures of time were gathered: (1) Total scheduled time (i.e.
amount of time allocated to math instruction), (2) Total instructional time (i.e. amount
of time spent on math instruction subtracting time for classroom procedures), (3)
Engaged time (i.e. amount of time students spent engaged with the instructional
activity, or time on-task), and (4) Rate of engagement (ratio of engaged time to total
instructional time). Karweit and Slavin found that only student-level measures of time
(i.e. engaged time and rate of engagement) were significant predictors of achievement
for second and third-graders while neither student-level nor classroom-level measures
of time were significant predictors of achievement for fourth and fifth-graders. The
results were taken to suggest that student-level measures of time, which may more
accurately reflect how students utilise instructional time, are better predictors of
achievement than general classroom-level measures of time (i.e. time allocated for
instruction or total instructional time).
Deploying a consistent student-level measure of time may serve to reduce variability in the strength of the relationship between time and learning; however, additional
research is needed as the small sub-set of students observed per classroom may have
obscured the contribution of classroom-level factors. Furthermore, lack of follow-up
studies addressing this question makes it difficult to establish whether results can be
generalised to present-day elementary school students.
Increasing rates of adoption of learning technologies make large amounts of data
about student learning readily accessible to researchers (Kovanovic et al., 2015).
Accessibility of measures of time on-task via learning technologies has renewed interest in the question of whether time is a good predictor of learning. Here we utilise an
existing data set (Godwin et al., 2016) to examine whether a positive relationship
between on-task behaviour and learning can be consistently obtained (across multiple
classrooms) when utilising a uniform student-level measure of time, fraction of on-task
behaviour, as student-level measures are hypothesised to yield a stronger relationship
between time and learning (Karweit & Slavin, 1981). Thus, in line with the prior literature we expect to obtain evidence of a significant, positive, and non-trivial relationship
between time and learning in the present study.
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Various student and school level factors have been hypothesised, or found, to be
associated with students’ patterns of attention allocation. Here we discuss three factors identified in the prior literature: student gender, grade-level, and school type.
First, researchers have observed differential patterns of attention allocation based on
student gender. On average, female elementary school students tend to exhibit more
on-task behaviour than male students (e.g. Godwin et al., 2016; Marks, 2000).
However, it remains an open question whether the relationship between learning and
the fraction of on-task behaviour is moderated by student gender. Second, patterns of
attention allocation may also differ across grade-levels given that the ability to maintain a state of selective sustained attention improves with age (e.g. Bartgis et al., 2008;
see Fisher & Kloos, 2016 and White, 1970 for review)—although note that Godwin
et al. (2016) found an inconsistent effect of grade on students’ rates of on-task behaviour across two observational studies. Therefore, more research is needed to elucidate
if and how grade-level is related to students’ patterns of attention allocation in classroom settings. The complex relationship between grade-level, patterns of attention
allocation, and achievement is further highlighted by the findings of Karweit and
Slavin (1981), reviewed above, in which engaged time and rate of engagement were
significant predictors of achievement, but only for younger students. Finally, there is
also some evidence that rates of on-task behaviour may differ across school types. For
example, higher rates of on-task behaviour were observed in parochial elementary
schools compared to private elementary schools (Godwin et al., 2016, Study 2) perhaps
reflecting differences in school norms and culture. Based on these findings, we control
for student gender, grade-level, and school type in our models, and also evaluate
whether the relationship between learning and fraction of on-task behaviour is moderated by these factors.

Method
This data set was part of a larger study (Godwin et al., 2016) examining patterns of
attention allocation in elementary students including temporal patterns across the
school year and the role of student characteristics and instructional design on students’ attention allocation; these findings (which do not include findings related to
learning outcomes presented here) are reported elsewhere (Godwin et al., 2016).

Participants
The data set contained observational data from twenty classrooms. All students present in the classrooms were observed. One classroom was excluded from analyses due
to constraints of the learning outcomes provided (see below). Classrooms were from
seven schools (four public charter, three private schools) in or near a medium-sized
city in the Northeastern United States. Elementary students were specifically targeted
due to the protracted developmental trajectory of selective sustained attention
(Bartgis et al., 2008; Fisher & Kloos, 2016), which may make this population more susceptible to engaging in off-task behaviour. At each participating school, all K-4 classrooms were invited to participate. Four grade-levels participated: five kindergarten,
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five first-grade, seven second-grade, and three fourth-grade classrooms. Third-grade
teachers did not volunteer to participate. The precise reason(s) why third-grade teachers were less likely to participate are unknown, one possibility is that third-grade
teachers are less likely to volunteer for research due to added pressure they may feel
to prepare students for the onset of standardised testing.
The final sample consisted of 19 classrooms and 356 students. Similar to prior studies in the literature, this study recorded gender as a binary variable. There were 167
male and 189 female students in the study. The mean number of students observed
in a single observation session was 18.7 (SD ¼ 3.3). The number of students observed
per session ranged from 10 to 23 students.

Design and procedure
The data set contains two observations per classroom providing more stable and reliable estimates of the degree of students’ on-task behaviour by obtaining more data
on each student. The average delay between sessions was 3.05 calendar days (Range:
1–7 days). Each session lasted approximately one hour. Similar to Karweit and Slavin
(1981), all observations were scheduled during mathematics instruction. Obtaining
data during instruction of a single content area minimises possible interactions
between student engagement and the content area. Instructional activities were determined by the teachers; thus, coders observed genuine instructional practices. The
mean number of observations per session was 249.6 (SD ¼ 29.1) and the mean number
of times a student was observed within a session was 15.5 (SD ¼ 6.4). Observations
occurred between October and December 2012.

Coding behaviour
This study used the Baker-Rodrigo Observation Method Protocol (BROMP; Ocumpaugh
et al., 2015). BROMP is a tool for conducting quantitative observations in field settings.
Prior to the start of the study, coders were trained in using BROMP by coding a mixture of videotapes and live classroom observations. Cohen’s Kappa values (calculated
to estimate coder agreement) ranged from 0.79 to 0.84. Cohen’s Kappa of 0.75 was
described by Fleiss (1981) as ‘excellent’ in field settings; thus, coder agreement in this
study exceeded the level of agreement considered excellent in field settings.
Observers used a round-robin coding strategy; this approach helps to reduce bias
as it prevents observers from attending solely to more conspicuous forms of off-task
behaviour. The observation order of the students was established at the beginning of
every session. Each student was observed individually for up-to 20 s or until the first
unequivocal behaviour was observed. The student’s behaviour was then recorded on a
hand held Android computer using the HART App. The observer would then proceed
to code a new student following the pre-determined student observation order. The
round-robin observations continued for the entire duration of the session. As a result,
each student was observed multiple times over the course of the session. Importantly,
this approach has been utilised in the prior literature to reliably code student affect
and behaviour (Ocumpaugh et al., 2015).
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First, coders used students’ eye gaze to classify the students’ behaviour as on- or
off-task. Students were coded as being on-task if a student was looking at the teacher
or instructional materials; otherwise the students were coded as being off-task. Eye
gaze is a widely used measure of attention (e.g. for review see Henderson & Ferreira,
2004; Just & Carpenter, 1976). Although, we acknowledge that looking does not
always indicate attending (e.g. mind wandering or looking elsewhere while listening
to the teacher); we contend that utilising eye gaze as a proxy for attention during formal math instruction is an appropriate choice given that math instruction often contains visual elements and instructional aids that must be attended to visually. Because
coders were present in the classroom, they also used contextual cues (e.g. student
comments or teacher instructions) to help determine if a student was on- or off-task.
Next, if a student was coded as being off-task, the researchers classified the type of
off-task behaviour using one of four mutually exclusive categories: Peer (off-task peer
interactions), Environmental (off task behaviours directed at elements of the classroom
environment), Self (off-task behaviours aimed at students’ own clothing or other personal effects), and Other (off-task behaviours that did not unambiguously fall into the
other pre-established categories, such as walking or sleeping). Findings pertaining to
the prevalence of different types of off-task behaviour were reported in Godwin et al.
(2016); here we utilise a subset of the data (i.e. only those classrooms that provided
learning data) to focus on the relationship between overall time on-task and learning
outcomes. For each student, the fraction of on-task behaviour was calculated by taking the number of times each student was on-task divided by the total number of
observed behaviours (on-task and off-task).

Learning measures
Authentic learning measures were collected including: quizzes, report cards, and/or fall
and winter NWEA’s Measures of Academic ProgressV (MAPV), which are used to measure
academic growth of students via a computer-based assessment (Wise et al., 2013).
Although utilising authentic learning measures that teachers deploy as part of their
typical instructional practice helps to increase ecological validity, it also introduces
variability across classrooms, a limitation we revisit in the Discussion.
The following learning outcomes were available for participants in this study: 203
students had learning outcomes consisting of quiz scores and fall and winter MAPV
scores; four students had learning outcomes consisting of fall and/or winter MAPV
scores; 132 students had learning outcomes consisting of report cards and quiz scores;
and 17 students had learning outcomes consisting of report cards. We chose to
exclude quiz scores from the analyses reported below because they were largely noninformative. Specifically, most quiz scores had low variability, with 79% of quiz scores
indicating accuracy at or above 80%. Some quizzes were also based on too few items
to provide a meaningful measure of student learning. It is important to note that
excluding quiz scores did not affect the overall pattern of findings (see Results section
for additional details). Additionally, one classroom utilised letter grades for their report
cards (as opposed to percentages), leaving too few values to compute the same type
of analysis as the other classrooms. Consequently, this classroom was dropped from
R

R

R
R
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the analysis. As a result, both classroom observations and learning outcomes were
available for 356 students from 19 classrooms.
Scores from the remaining learning measures (report cards, MAPVscores) were converted into Z-scores (for each classroom we created Z-scores for report cards and Zscores for MAPVscores). For students with multiple learning measures, Z-scores were
averaged together to create the composite variable Learning Score for each student. If
students only had a single score, the Z-score for that measure (report card or
MAPVscore) was utilised as their Learning Score. Z-scores were computed separately for
each classroom (we subtracted the classroom mean from each student and divided by
the standard deviation for the classroom) to correct for different grading practices
across schools and classrooms. Learning Z-scores ranged from 2.82 to 2.03.
R

R

R

Analytic approach
A hierarchical linear model was run in R (version 3.4.3) (utilising lmer and lmerTest) to
assess whether students with a greater fraction of on-task behaviour tended to perform better on the learning outcome measure relative to their classmates. HLM was
selected as the analytic approach as it takes into account the nested or hierarchical
structure of the data (i.e. students nested in classrooms). Using data aggregated at the
classroom level (i.e. non-hierarchical data), correlations were calculated to assess the
strength and stability of the association between fraction of on-task behaviour and
learning outcomes across classrooms. We also assessed whether the relationship
between learning and fraction of on-task behaviour was moderated by gender, grade
level, and school type. Results are reported below.

Results
On-task behaviour
In this study, the proportion of on-task behaviour was fairly high (M ¼ .75, SD ¼ .13),
but still consistent with estimates (.50 – .75 range; Karweit & Slavin, 1981) and observations from the prior literature (Fisher et al., 2014; Godwin et al., 2016; Godwin &
Fisher, 2014; Karweit & Slavin, 1981; Lee et al., 1999; Lloyd & Loper, 1986). There was
also considerable individual variability in the rates of on-task behaviour, with some
students showing low rates of on-task behaviour while other students were consistently on-task (proportion of on-task behaviour ranged from .27 to 1.00).

Effect of on-task behaviour on learning
A hierarchical linear model was run in R (version 3.4.3 utilising lmer and lmerTest) to
assess whether students with a greater fraction of on-task behaviour tended to perform better on the learning outcome measure relative to their classmates. Learning
Score was entered as the dependent variable. The model included a random classroom
intercept and four predictors: fraction of on-task behaviour, student gender, school
type (private, public charter), and grade-level (Kindergarten, First-grade, Second-grade,
Fourth-grade).
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Figure 1. Association between students’ fraction of on-task behaviour and learning. Note. Scatter
plot depicting the positive relationship between the fraction of on-task behaviour and the composite variable Learning Score (Z-score).

On-task behaviour was a significant predictor of Learning Scores, controlling for
grade-level, gender, and school type (b ¼ 1.00, t(349) ¼ 2.61, p ¼ .01; see Figure 1). At
the same time, this relationship was weak, with Learning Score increasing only by 0.20
SD for every 20% rise in on-task behaviour. Furthermore, a small but significant correlation was found between on-task behaviour and Learning Score after correcting for
gender, school type, and grade-level (partial r ¼ .138, p ¼ .009), with on-task behaviour only accounting for 1.9% of the variability in Learning Score (R2 difference:
0.01947 – 0.0004 ¼ 0.019). It is important to note that parallel findings were obtained
when quiz scores were included in the Learning Score composite: On-task behaviour
continued to be a significant predictor of student learning, controlling for gender,
grade-level, and school type (b ¼ 0.748, t(368) ¼ 2.16, p ¼ .03).
As mentioned above, the learning measures are variable across classrooms and
schools; only a small subset of schools provided standardised measures
(MAPVscores). Gathering standardised learning measures should be a focus of future
research. Nevertheless, a similar pattern was obtained in a post-hoc analysis with
only those classrooms that provided standardised learning measures. When
MAPVscores were utilised as the sole dependent variable, on-task behaviour
remained a significant predictor of learning after controlling for gender and gradelevel (Fall MAP: b ¼ 11.48, t(106) ¼ 2.03, p ¼ .04; Winter MAP: b ¼ 13.87, t(130) ¼
2.5, p ¼ .01). Again a small but significant correlation was found between on-task
behaviour and MAP scores, after correcting for gender and grade-level (Fall partial
r ¼ 0.142, p ¼ .043; Winter partial r ¼ 0.18, p ¼ .01). Including on-task behaviour as a
predictor in the model accounts for less than 1% of the variability in learning
scores (R2 difference Fall MAP (0.8099 - 0.8060) ¼ 0.0039; R2 difference Winter MAP
(0.7943  0.7874) ¼ 0.0069).
R

R

10

K. E. GODWIN ET AL.

Figure 2. Classroom Regression Estimates for the relationship between the fraction of on-task
behaviour and Learning. Note. Displays the regression estimates for the relationship between the
fraction of on-task behaviour and Learning Score (Z-score) for each classroom (each line represents
a classroom).

Effect of classroom
This study measured time in the same way across all participants (as the fraction of
on-task behaviours); nevertheless, we found that on-task behaviour was only weakly
related to learning outcomes (r ¼ .134). Furthermore, we observed considerable variability in the strength of this relationship across classrooms, with slope estimates
being positive for 11 classrooms and negative for eight classrooms (slope estimates
for individual classrooms are displayed in Figure 2). Slope estimates reached significance in only 3 (out of 19) classrooms and in all three cases the direction of the relationship between on-task behaviour and Learning Scores was positive indicating that
higher fraction of on-task behaviour was associated with better learning outcomes:
one kindergarten classroom (b ¼ 4.54, p ¼ .0026), one Grade 2 classroom (b ¼ 2.46, p
¼ .024), and one Grade 4 classroom (b ¼ 3.51, p ¼ .0238). However, after applying
Bonferroni correction for multiple comparisons, the relationship between on-task
behaviour and learning outcomes remained significant only for the kindergarten classroom.

Moderation analyses
Results from prior literature indicate student and school characteristics influence rates
of on-task behaviour (e.g. Godwin et al., 2016; Karweit & Slavin, 1981; Marks, 2000);
thus, we further examined if the relationship between on-task behaviour and learning
in this study was moderated by student grade-level, gender, and school type. There

EDUCATIONAL PSYCHOLOGY

11

was no evidence of moderation in the present data set; nevertheless the results are
reported below.

Effect of gender
Prior studies reported that female students tend to exhibit more on-task behaviour
than male students in elementary school (Godwin et al., 2016; Marks, 2000). In the present data set, Females exhibited numerically higher rates of on-task behaviour (M ¼
.76, SD ¼ .13) than males (M ¼ .73, SD ¼ .13); however, there was no effect of gender
on Learning Score (b ¼ .07, t(349) ¼ 0.71 p ¼ .48). Additionally, the relationship
between on-task behaviour and Learning Score was not moderated by gender (b ¼
.72, t(348) ¼ .94, p ¼ .35). In other words, we found no evidence the relationship
between learning and time on-task was stronger for females than for males (or vice
versa) for any fixed school type and grade. Note, the estimate of the variance of the
random intercept was zero; thus, the random effect was dropped from this model.

Effect of grade
Prior studies reported inconsistent effects of grade on on-task behaviour (Godwin
et al., 2016; Karweit & Slavin, 1981). In this data set, the relationship between on-task
behaviour and students’ Learning Score was not moderated by grade-level (F(3, 346) ¼
2.09, p ¼ .10). Note that the estimate of the variance of the random intercept was
zero; thus, the random effect was dropped from this model. The finding that gradelevel did not moderate the relationship between on-task behaviour and learning is
inconsistent with the findings obtained by Karweit and Slavin (1981). In future
research it will be important to sample a larger number of classrooms per grade-level
from a larger sample of schools to evaluate possible grade-level effects across different
samples.

Effect of school type
Similar to gender and grade, the relationship between on-task behaviour and Learning
Score was not moderated by school type (b ¼ 1.51, t(348) ¼ 1.36, p ¼ .17). Note,
the estimate of the variance of the random intercept was zero; thus, the random effect
was dropped from this model.
Collectively, the findings reported above suggest that uniformity in the measurement of time does not reduce the variability in estimates of the relationship between
time on-task and learning outcomes. Therefore, these findings highlight the complex
relationship between time on-task and learning, and call for more research to identify
factors or conditions where more time on-task yields better learning outcomes.

Discussion
We used an existing data set to evaluate the possibility that the variability observed in
the relationship between time and learning is due to differences in how time was
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measured in prior research. This work extends past efforts by employing a uniform
measure of time with a large sample of elementary students (N ¼ 375), while controlling for pertinent student characteristics (gender, grade-level) and school based factors
(school type). As we expected based on the prior literature, the relationship between
time on-task and learning outcomes was positive and significant; however, counter to
our expectations this relationship was weak despite using a consistent and proximal
measure of time (fraction of students’ on-task behaviour). Furthermore, at the classroom-level both the variability in the strength of the relationship and the direction of
the effect suggest divergent results obtained in the literature are not driven solely by
differences in how time is measured.
Prior research posited that more proximal measures of time would yield a strong
relationship between time and learning. This prediction was not borne out in the present study. Despite using a uniform student-level measure of time (fraction of on-task
behaviour indexed by eye gaze), a weak relationship between time and learning was
still obtained. It is possible that even this student-level measure of time does not sufficiently capture on-task behaviour, thus contributing to the weak relationship between
time and learning. Future work could examine other technologies that measure attention with increased precision to assess this possibility (Godwin & Fisher, 2018).
It is also possible that time on-task is necessary but not sufficient for learning to
occur or perhaps there are threshold effects in which certain amounts of on-task
behaviour are needed. Future research will examine these possibilities. Results also
suggest the effect of time on learning is not moderated by student gender, gradelevel, or school type. Other factors may affect the strength of the relationship
between time and learning. We briefly discuss these possibilities below.
The inconsistency in the strength and direction of the effect between on-task
behaviour and learning points to a potential role for classroom-level factors not examined in this study. Teacher effectiveness may be one classroom-level factor that can
strengthen or attenuate the relationship between time and learning. For example,
classrooms in which students exhibit high rates of on-task behaviour and high learning outcomes may be reflective of high-quality or experienced teachers, conversely
classrooms in which students exhibit high rates of on-task behaviour but minimal
learning gains may indicate instruction in which teachers are entertaining but perhaps
ineffectual. Teacher practices such as the quality of the delivery of instruction may be
an important determinant of student learning, although prior research has noted an
inconsistent relationship between teacher quality and student learning (Goe, 2007).
Differences in the strength of the observed relationship between on-task behaviour
and learning may also arise from other classroom-level factors (e.g. classroom composition, classroom size, content, type of learning activity, task difficulty, pedagogy) as
well as other pertinent individual differences including (but not limited to) student
aptitude, prior knowledge, interest, motivation, and goal orientation. These possibilities
remain to be systematically explored.
It is important to note several limitations of the present study. Due to the nature of
the learning outcomes (standardised test scores, grades), these measures were not collected immediately following the observations. Therefore, it is possible students’
achievement scores were also affected by additional learning opportunities occurring
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at home or in subsequent lessons. Additionally, when using general measures of
achievement there is not necessarily a one-to-one mapping between the instructional
content presented during the observation and the learning measures. Despite this
limitation, standardised measures convey important advantages; namely they obviate
concerns regarding different grading practices across classrooms and schools. Future
work could also include proximal learning measures to assess if a more stable relationship between on-task behaviour and learning can be obtained when using measures
more closely yoked to observations of student behaviour (e.g. class assignments, unit
test scores, homework grades) compared to more general measures of achievement
(e.g. standardised tests).
A recent laboratory study was able to address the issue above by collecting learning
outcomes data immediately after conducting observations of student on-task behaviour
(Godwin & Fisher, 2014). Even when using an immediate measure of learning, the relationship between time off-task and learning was weak (adjusted R2 ¼ 10%). However,
incorporating pertinent individual difference factors (verbal IQ, processing speed, working memory, inhibitory control) in addition to time off-task yielded a model that
accounted for more variability in learning (adjusted R2 ¼ 39%). Interestingly, once individual difference factors were incorporated into the model, time off-task was no longer a
significant predictor-again highlighting the need for more systematic research to examine the role of individual differences. Executive functions may be a promising starting
point given the aforementioned findings and prior work documenting that executive
functions are related to academic achievement (Best et al., 2011; Cragg et al., 2017;
McClelland et al., 2007; Moffett & Morrison, 2020; Schmitt et al., 2017). Indeed, Moffett
and Morrison (2020) found that children with weaker working memory, a component of
executive function, were more likely to engage in specific types of off-task behaviour,
namely passive disengagement, and proportion of time spent in passive disengagement
predicted reduced reading comprehension gains in first grade.
Lastly, we did not dictate the instructional activities teachers employed, but rather
elected to observe genuine instructional activities that were part of teachers’ standard
practice. This approach increases ecological validity but introduces variability in the
types of learning activities observed. An important area for future research will be to
investigate the nature of the learning activities students complete as the benefit of
time may vary across different activities. As discussed previously, recent research on
the ‘doer effect’ with adults suggests both passive tasks, such as reading, and completing instructional activities can improve learning, yet passive tasks were less efficient (Carvalho et al., 2017). Future research should assess whether variability in the
relationship between time and learning observed in elementary classrooms can be
accounted for in part by the types or quality of instructional activities deployed.

Summary
Despite using a uniform student-level measure of time (i.e. proportion of on-task
behaviour), a weak and highly variable relationship between time and learning was
observed. Previously, it was suggested researchers should ‘move beyond the now wellestablished relation between time on task … and student learning’, noting no further
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research into this issue is warranted (Brophey, 1979, p. 743). Contrary to this claim,
this study shows the relationship between time and learning is still poorly understood,
over 30 years later. The current findings highlight the need for researchers and educators to re-examine this multifaceted relationship.
This is an important area of inquiry with implications for policy. The present findings
should give educators and policy makers pause as they consider increasing instructional
time by lengthening the school day or cutting recess in hopes of increasing students’
learning outcomes. If time alone is a poor predictor of learning, simply adding more
instructional time is unlikely to achieve the desired results. Nevertheless, the belief that
improving academic achievement is as simple as increasing instructional time is pervasive and evident in current trends in how schools are allocating instructional time.
According to a large survey conducted by the Centre on Education Policy (McMurrer,
2007), 44% of elementary schools surveyed report decreasing time allocated for physical
education, art, music, and recess (among other subjects) in order to increase instructional
time for core subject areas (i.e. mathematics, language arts) (for related discussion see
Jarrett, 2013; Trost & van der Mars, 2010; Wilkins et al., 2003). However, these findings
suggest increasing instructional time in and of itself may not yield meaningful gains in
achievement given the weak and unstable relationship between time and learning.
Future research is needed to identify student, classroom, and school-based factors that
interact with time and learning. It is critically important to understand the conditions by
which more time will aid learning, as this work will have direct instructional implications.
In sum, the relationship between time and learning was not found to be stable
across classrooms, which suggests the mixed results reported in the prior literature
cannot simply be attributed to issues of measurement. This work underscores the
need for future research to identify circumstances in which increasing time on-task
yields tangible benefits for learning.
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