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Abstract. Online learners often experience a lack of sustained motivation given the self- 
paced nature of online learning, resulting in inefficiency and a high dropout rate. There-
fore, it is important to explore options that help users optimize their learning behavior and 
improve their learning performance. This study proposes that on-the-hour time points as 
external temporal cues can significantly influence online learning outcomes. Using a multi-
method approach (i.e., archival data analysis, laboratory experiments, and framed field 
experiments), we show that (a) starting learning sessions at on-the-hour time points acti-
vates users’ implemental mindset, which supports them in building greater learning per-
sistence and achieving better learning performance, and (b) social presence significantly 
attenuates the effects of on-the-hour time points in online learning. Our findings add to the 
literature on the design of online learning systems by clarifying the effects of temporal cues 
in user-system interactions, which provides implications for notification and reminder 
strategies that can be implemented to further enhance the effectiveness of online learning.
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1. Introduction
Online learning—also referred to as technology-mediated 
learning and e-learning—helps individuals acquire knowl-
edge via information technology platforms virtually any-
where and anytime, and it is therefore of great interest to 
information systems (IS) researchers. According to Thin-
kImpact, the global online learning market is expected to 
experience a compound annual growth rate of 8% be-
tween 2020 and 2025 and will be valued at approximately 
$375 billion by 2026.1 Although online learning has been 
considered a cost-effective way to deliver education to 
large numbers of students at convenient times and loca-
tions (Santhanam et al. 2008), studies also suggest that it 
does not provide the anticipated benefits because many 
online learners struggle with self-control problems (Kizil-
cec and Halawa 2015) and are not motivated enough to 
learn (Brown 2001, Bell and Kozlowski 2002), leading to a 
high dropout rate and inefficient learning (Santhanam et al. 
2008, Nawrot and Doucet 2014, Kizilcec et al. 2017).

Recently, IS scholars have started to explore how to 
leverage technology-based interventions and designs (e.g., 
feedback, instructions, and reminders) to help users en-
gage in learning activities and to enhance learning out-
comes (Santhanam et al. 2008, Liu et al. 2017, Huang et al. 
2020). However, prior research has not considered the 
effects of an important environmental factor, namely tem-
poral cues—time points that demarcate the beginning of 
new time cycles (Dai et al. 2014). Temporal cues are impor-
tant in this context because time management is essential 
for learning, and these cues are likely to induce users to 
implement goal-directed behavior (Dai et al. 2014). For 
instance, salient temporal cues, such as the beginning of a 
year, month, or week, can motivate individuals to take 
action to pursue aspirational goals, such as searching for 
“diet” information on Google and committing to pursue 
goals on a goal-setting website (Dai et al. 2014, Sellier and 
Avnet 2014, Rai et al. 2016, Duckworth et al. 2018). As 
online learning systems remove the temporal restrictions 
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on learning activities (e.g., learners can use mobile devices 
to learn anywhere at any time), it remains an interesting 
empirical question whether temporal cues can affect on-
line learners’ learning activities and outcomes.

Grounding on the mindset theory (Gollwitzer 1990, 
Tu and Soman 2014), this work aims to explore the 
effects of one typical temporal cue, on-the-hour time 
points, as they are salient reference points for time man-
agement and individuals’ goal-directed behavior (Allen 
et al. 2017). We begin with exploring the direct impacts 
of on-the-hour time points on users’ online learning out-
comes. In particular, we theorize that on-the-hour time 
points as temporal cues can help activate learners’ 
implemental mindset, which supports them in learning- 
directed behavior (Gollwitzer and Keller 2016). Further, 
we explore how on-the-hour time points influence user 
behavior in online learning with the provision of social 
presence (Gunawardena and Zittle 1997, Cobb 2009, 
Zhan and Mei 2013, Richardson et al. 2017), the recent 
introduction of which in online learning systems sup-
ports users in learning together in virtual environments.2
Specifically, we conjecture that a higher level of social 
presence drives users to concentrate on implementing 
learning-directed behavior (Zajonc 1965) while attenuat-
ing the potential impacts of external temporal cues 
(Huguet et al. 1999, Muller and Butera 2007). Formally, 
we seek to address the following research questions.

Whether and how do on-the-hour time points influ-
ence users’ online learning persistence and perfor-
mance? How does social presence moderate the effects 
of on-the-hour time points in online learning?

We answer these research questions using a multi-
method approach with four studies. First, an analysis of 
archival data from an online learning mobile app in Study 
1 revealed correlational evidence that users who start 
learning at on-the-hour time points (versus other time 
points) appear to have better overall learning performance. 
Second, a laboratory experiment in Study 2 revealed that 
on-the-hour time points (versus other time points) as exter-
nal temporal cues lead to greater learning persistence and 
increased learning performance among participants in 
online learning. Third, a framed field experiment in Study 
3 replicated the laboratory experiment and showed largely 
consistent findings, adding to the external validity of the 
results in the laboratory scenario. Furthermore, Study 4 
explored plausible mechanisms and the moderating role 
of social presence in online learning. We find that users 
who begin learning at on-the-hour time points (versus 
other time points) appear to have a stronger implemental 
mindset, which then supports them in persisting longer 
and achieving higher learning performance. We also find 
that social presence significantly attenuates the impact of 
on-the-hour effects on online learning outcomes.

Our work contributes to the related literature in sev-
eral ways. To begin with, we advance the literature on 
designing online learning systems by examining an 

external factor, namely on-the-hour time points. Previ-
ous studies have mainly focused on how learner charac-
teristics, technology features, and instructional strategies 
affect learners’ psychological processes and learning 
outcomes (Alavi and Leidner 2001, Santhanam et al. 
2008, Gupta and Bostrom 2009, Huang et al. 2020). Our 
paper extends the related literature by investigating the 
effects of important intraday temporal cues, proposing 
and testing the mechanisms based on the mindset the-
ory. Second, in extending the mindset theory to the 
online learning context (Gollwitzer 1990, Zhao et al. 
2012, Tu and Soman 2014), our work reveals that on-the- 
hour time points are important cues that can trigger a 
stronger implemental mindset in using learning sys-
tems, which further supports users to persist longer and 
to achieve better learning performance. Third, our find-
ings speak to the research stream on social presence 
in online learning. Although previous studies have ex-
plored Information Technology (IT) based designs that 
are enhanced by social presence (Gunawardena and Zit-
tle 1997, Cobb 2009, Zhan and Mei 2013, Richardson et al. 
2017), we demonstrate that social presence is an impor-
tant moderating factor for on-the-hour effects in online 
learning.

This paper also offers multiple practical implications 
for users and operators of online learning platforms. 
Specifically, online learning platform users can leverage 
the on-the-hour effects to help themselves implement 
learning-directed behavior and thus, improve their on-
line learning performance. At the same time, online 
learning platform operators can consider designing a 
reminder system that sends notifications to users that 
emphasize both the study start time and learning goals 
to increase users’ learning persistence. Finally, as users 
might start learning at random time points during a day, 
online learning platforms might introduce a functional 
design to allow users to virtually connect to other lear-
ners (e.g., a virtual study room).

2. Literature Review
2.1. Online Learning and Temporal Cues
Online learning is a popular form of technology- 
mediated learning, in which information technology is 
used to mediate and support self-paced learning activi-
ties (Santhanam et al. 2008). It is believed to be a cost- 
effective way of supporting large numbers of users to 
learn at convenient times and remote locations (Zhang 
et al. 2004, Santhanam et al. 2008, Huang et al. 2020). The 
literature on online learning or technology-mediated 
learning has demonstrated that factors related to learner 
characteristics (e.g., self-efficacy), learning context (e.g., 
learning goals), technology-based system designs (e.g., 
communication support), and instructional strategies 
(e.g., goal emphasis) have direct effects on learning out-
comes (Alavi and Leidner 2001, Gupta and Bostrom 
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2009). Meanwhile, in online learning environments, one 
major challenge is that learners might feel isolated and 
disconnected from peers and instructors (Santhanam 
et al. 2008, Richardson et al. 2017) and at the same time, 
are exposed to various digital temptations that inadver-
tently lead to distractions (Lavoie and Pychyl 2001, 
Thatcher et al. 2008). Therefore, online learners often fail 
to exercise high levels of self-control, nor do they ade-
quately self-motivate their learning, which results in a 
high dropout rate (Brown 2001, Bell and Kozlowski 
2002, Zhang et al. 2004, Kizilcec and Halawa 2015) and 
ineffective learning (Nawrot and Doucet 2014, Kizilcec 
et al. 2017).

In contexts such as online learning that require indivi-
duals to exercise self-control and to discipline them-
selves to implement goal-directed activities, scholars 
often pay attention to factors that directly affect users’ 
self-control behavior. For example, prior studies suggest 
that self-control behavior can be affected by temporal 
cues (Dai et al. 2014, 2015; Duckworth et al. 2018). In par-
ticular, individuals treat salient temporal cues rather dif-
ferently from other time points, and these cues can 
trigger their self-control behavior to support the pursuit 
of goals. As shown by Dai et al. (2014), aspirational 
behavior—such as searching for the term “diet,” gym 
visits, and goal commitments—increases with the occur-
rence of temporal cues, such as the beginning of a new 
week, month, semester, or year. Gabarron et al. (2015) 
also found an increase in searches for health information 
at the beginning of a workweek.

However, the related prior work primarily focused on 
temporal cues that are dispersed to a large extent—such 
as a new year, new month, and birthday. It is relatively 
understudied as to whether individuals respond to 
intraday temporal cues that would lead to the attain-
ment of goals or improved performance, particularly in 
an online learning setting. Recently, Sellier and Avnet 
(2019) found that individuals often rely on clock time to 
control their behavior, and they slice time into quantifi-
able units and let an external clock dictate when certain 
activities begin and end. Extending this idea, we exam-
ine intraday temporal cues (i.e., on-the-hour time points) 
in online learning through the perspective of the mind-
set theory and empirically investigate how these tempo-
ral cues impact users’ interaction outcomes with the 
learning systems.

2.2. The Mindset Theory
Proposed by Gollwitzer (1990), the mindset theory pro-
vides a theoretical explanation for the effects of temporal 
cues in individuals’ goal-pursuit processes. Gollwitzer 
(1990) argued that two different mindsets, the deliberative 
and implemental mindsets, play important roles in sup-
porting the pursuit of goals. In particular, individuals with 
a deliberative mindset tend to weigh the pros and cons 
of various choices, whereas those with an implemental 

mindset cognitively turn toward implementation-related 
information that facilitates the pursuit of goals (Gollwitzer 
1990, Tu and Soman 2014). Once a specific mindset is acti-
vated, it can manifest through cognitive and behavioral 
dimensions (Gollwitzer 1990, Zhao et al. 2012). Typically, 
individuals with an implemental mindset (compared with 
a deliberative mindset) tend to be optimistic (Taylor and 
Gollwitzer 1995), are more likely to initiate goal-pursuit 
actions (Tu and Soman 2014), and can persist longer with 
problem solving (Brandstatter and Frank 2002).

Scholars have also investigated the factors that trigger 
a specific mindset. Deliberative mindsets can be activated 
by getting a person to decide between different choices 
(Gollwitzer et al. 1990), whereas space-related or time- 
related cues can activate an implemental mindset (Tu 
and Soman 2014). For example, individuals are more 
implementation oriented after entering a shopping mall 
(Lee and Ariely 2006) or coming across situational cues, 
such as queue guides and area carpets (Zhao et al. 2012). 
In exploring the effects of on-the-hour time points, the 
mindset theory provides a potential theoretical lens to 
reveal the underlying mechanism of such effects. There-
fore, this paper extends this stream of research by dem-
onstrating that on-the-hour time points (compared with 
other time points) activate users’ implemental mindset in 
learning, which then motivates users to persist longer 
and thus, achieve better learning performance.

2.3. Online Learning System Design
As different IT features can be selectively applied to 
support users’ learning processes (Santhanam et al. 
2008, 2016; Liu et al. 2017), IS scholars have focused on 
exploring how different technology-based interven-
tions and designs influence learners’ psychology pro-
cesses and enhance learning outcomes (Santhanam 
et al. 2008, Huang et al. 2020). Specifically, to overcome 
the problems of online learners feeling isolated from 
peers and instructors (Santhanam et al. 2008, Richard-
son et al. 2017) and being less motivated to engage in 
learning activities (Brown 2001, Bell and Kozlowski 
2002, Zhang et al. 2004, Kizilcec and Halawa 2015), a 
type of technology-based design has been considered, 
namely implementing IT design to enhance users’ per-
ceptions of the social presence of other users.

Social presence, the extent to which a medium allows 
one to establish a personal connection with others (Short 
et al. 1976, Pavlou et al. 2007, Animesh et al. 2011), is an 
important factor that affects users’ perceptions and beha-
viors in online and distance learning contexts (Gunawar-
dena and Zittle 1997, Cobb 2009, Zhan and Mei 2013, 
Richardson et al. 2017). Research suggests that indivi-
duals are impacted by the real, implied, and imagined 
presence or actions of others (Latane 1981, Argo et al. 
2005). A sense of human contact and the presence of 
others can elicit thoughts of being evaluated (Dahl et al. 
2001, Gefen and Straub 2004). Therefore, individuals tend 
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to select socially desired options (Ariely et al. 2009, 
Zwebner and Schrift 2020) and engage in impression- 
management behavior (Leary and Kowalski 1990, Argo 
et al. 2005). The perception of social presence also drives 
individuals to implement and concentrate on goal/task- 
directed behavior (Zajonc 1965, Bruning et al. 1968). 
Therefore, in online learning contexts, users’ perception 
of social presence shows a positive relationship with 
their learning engagement (Franceschi et al. 2009), par-
ticipation (Tu and Mcisaac 2002), performance (Picciano 
2002), and satisfaction (Zhan and Mei 2013, Richardson 
et al. 2017). Given that social presence-enhanced designs 
are considered to help overcome self-control problems 
and motivate users’ interaction with learning systems, in 
addition to exploring the direct effects of on-the-hour 
time points, this paper examines how these cues interact 
with social presence to affect users’ learning outcomes.

3. Hypothesis Development
3.1. On-the-Hour Effects in Online Learning
In an online learning environment, users usually interact 
with learning systems to achieve certain learning goals 
(e.g., improving English proficiency), which are typical 
results of “should” behavior and long-term value orien-
tation. Initiating such “should” behavior is usually a big 
challenge for users, who often lack the self-control to 
expend the time and effort on learning and instead, post-
pone learning behavior (Milkman et al. 2008, Dai et al. 
2014, Huang et al. 2020). According to prior studies, indi-
viduals’ self-control decisions are influenced by easy-to- 
track external temporal cues (Sellier and Avnet 2014, Rai 
et al. 2016, Duckworth et al. 2018). For example, the pre-
sentation of salient temporal cues—such as the begin-
ning of a year, month, or week—can trigger individuals’ 
aspirational behavior, such as searching for diet infor-
mation, gym visits, and goal commitment (Dai et al. 
2014, 2015). Individuals are more likely to search for 
health information at the beginning of a workweek 
(Gabarron et al. 2015). At the intraday level, a salient 
temporal cue that might affect users’ self-control deci-
sions is based on naturally occurring on-the-hour time 
points, which are usually treated as reference points 
for users’ management of goal-directed behavior (Allen 
et al. 2017).

Sellier and Avnet (2019) found that individuals tend 
to rely on clock time to control their behavior by slicing 
time into units and letting an external clock dictate the 
beginning and end of certain activities. In exploring the 
effects of numbers on users’ perceptions and behavior, 
Shoham et al. (2018) found that round numbers are 
usually perceived as category boundaries and that deci-
mals are perceived to represent intermediate values. 
Crossing such round-number category boundaries can 
enhance the perceived magnitude of a change (Isaac 
and Schindler 2013, Shoham et al. 2018) and motivate 

aspirational behavior (Dai et al. 2014, 2015). Therefore, 
the occurrence of on-the-hour time points implies the 
transition from intermediate time points to round hours, 
thereby marking the beginning of new periods.

Drawing on the research on mindsets, space- and 
time-related cues—representing the transitions—can ac-
tivate an individual’s implemental mindset (Zhao et al. 
2012, Tu and Soman 2014). For example, walking into a 
grocery store makes shoppers more implementation ori-
ented (Lee and Ariely 2006), and queue guides that 
mark entry into a specific area activate a strong imple-
mental mindset in individuals (Zhao et al. 2012). Follow-
ing this logic, because on-the-hour time points mark the 
beginning of new periods and serve as critical temporal 
cues for users to transition from a previous period of 
time to the current period of time, such time points can 
trigger a stronger implemental mindset among users. 
Therefore, we propose the following hypothesis.
Hypothesis 1. Starting a learning session at on-the-hour 
time points (versus other time points) triggers a stronger 
implemental mindset for users.

It has also been documented that an implemental 
mindset facilitates successful goal attainment across dif-
ferent tasks, such as writing reports (Gollwitzer and 
Brandstatter 1997) and performing medical checkups 
(Orbell and Sheeran 2000). Individuals with an imple-
mental mindset tend to concentrate on goal-related 
information (Buttner et al. 2014) and can persist longer 
in goal-directed behavior (Brandstatter and Frank 2002). 
In our research context, learning persistence (i.e., an 
individual’s action of persisting in a learning activity) 
and learning performance are important instrumental 
outcomes of using learning systems (Hanus and Fox 
2015, Liu et al. 2017). When on-the-hour time points trig-
ger a stronger implemental mindset for users in using 
learning systems, users are expected to concentrate on 
learning-related information and persist longer in inter-
acting with learning systems. Consequently, they are 
likely to achieve a higher level of learning performance. 
Therefore, we propose the following hypothesis.
Hypothesis 2. A stronger implemental mindset triggered by 
on-the-hour time points enhances users’ learning outcomes: 
that is, (a) learning persistence and (b) learning performance.

3.2. Moderating Effects of Social Presence
Herein, we use the construct of social presence to cap-
ture the extent to which users perceive the presence of 
other learners (without verbal interactions) while using 
online learning systems or performing a learning task. 
According to the literature, social presence plays an 
important role in contexts such as online learning (Kehr-
wald 2008, Cobb 2009, Richardson et al. 2017). Prior 
studies on online learning have explored the direct 
effects of social presence on users’ participation (Cobb 
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2009), online collaboration (Richardson et al. 2017), satis-
faction (Gunawardena and Zittle 1997, Cobb 2009), and 
learning achievement (Zhan and Mei 2013).

These studies, along with their respective streams of 
literature, suggest that social presence improves indivi-
duals’ activity engagement and concentration (Picciano 
2002, Animesh et al. 2011). According to Zajonc (1965), 
individuals’ perception of social presence helps them 
feel an increased drive (i.e., an urgent need pressing for 
satisfaction) to perform tasks, suggesting that social 
presence may also enhance individuals’ implemental 
mindset and supports them in concentrating on task-/ 
goal-related behavior. Under such these conditions, social 
presence might moderate the effects of several influenc-
ing environmental factors (Bruning et al. 1968, Huguet 
et al. 1999). For example, Bruning et al. (1968) showed 
that the perception of social presence leads to decreased 
utilization of external cues. Meanwhile, the mere pres-
ence of an attentive or invisible audience results in atten-
tion focusing while participants complete the Stroop task 
(Huguet et al. 1999). According to Muller and Butera 
(2007), the perception of social presence results in a 
potential threat to self-evaluation (i.e., concern about not 
reaching standards or goals), which overloads indivi-
duals’ cognitive systems and results in narrow attention 
focusing and a reduction in participants’ cue utilization 
(Bruning et al. 1968, Muller et al. 2004, Muller and Butera 
2007). In isolation, individuals are more likely to pay 
attention to and be affected by external or peripheral 
cues (Huguet et al. 1999). In contrast, the presence of 
others (attentive audience, invisible audience, or coac-
tors) allows individuals to focus on the task at hand and 
ignore external cues (Huguet et al. 1999, Muller and 
Butera 2007). In particular, we expect social presence to 
attenuate the effects of on-the-hour time points on the 
implemental mindset and improve learning persistence 
and learning performance. Considering this, we propose 
the following hypothesis.
Hypothesis 3. Social presence moderates the effects of on- 
the-hour time points such that social presence attenuates the 
effects of on-the-hour time points on users’ (a) implemental 
mindset, further resulting in lower levels of (b) learning per-
sistence and (c) learning performance.

To test the proposed hypotheses, we conducted a 
series of studies. In Study 1, we analyzed the archival 
data from an online learning app to provide correla-
tional evidence of the relationships between on-the- 
hour time points and users’ learning performance. In 
Study 2, we conducted a laboratory experiment to dem-
onstrate the causal effects of on-the-hour time points in 
online learning, thereby indicating that the manipu-
lated on-the-hour time points increase users’ learning 
persistence and learning performance. In Study 3, we 
performed a framed field experiment to showcase the 
external validity of our laboratory findings. In Study 4, 
we conducted an online experiment to explore the under-
lying mechanism of on-the-hour effects and identified 
social presence as a key moderating factor for on-the- 
hour effects. The research model is shown in Figure 1.

4. On-the-Hour Effects in 
Learning Systems

4.1. Study 1: Effects of On-the-Hour Time 
Points in Archival Data Analysis

In Study 1, we analyzed the archival data from an 
online learning app to provide evidence of on-the-hour 
effects, as we find that starting learning sessions with 
regular learning modules at on-the-hour time points is 
positively related to users’ learning performance.3

4.1.1. Data. We obtained archival data from an online 
learning app that supports users in learning English as a 
foreign language. By July 2016, the learning app had 
over 30 million registered users and was highly ranked 
in the app stores. The online learning app is shown in 
Online Appendix A. Our data set consisted of a random 
sample of 15,011 users and their activities over a period 
of four months (from November 2016 to February 2017). 
In particular, we measured the number of English words 
a user learned during the observation period (Learning 
Performance). We also used the variable Active Day to 
capture the number of days a user used the learning 
app. As additional control variables, we measured users’ 
engagement with certain activities (using the learning 
and gamification module) in the app.4 Table 1 presents 
the summary statistics of the variables in Study 1.

Figure 1. Research Model 

Note. H, hypothesis.
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4.1.2. On-the-Hour Time Points and Learning Perfor-
mance. In this study, we first tested how the occurrence 
of on-the-hour time points affects learning performance 
using the following specification, referring to Balasubra-
manian et al. (2018).

Learning Performancei

à γ1RLk
i + γ2Active Dayi + γ3Learning Activityi

+ γ4Gamification Activityi + ✏i, (1) 

where RLk
i à

records of beginning to use the regular learning
module in the first k minutes for user i

records of using the regular
learning module for user i

, 

RLk
i represents the proportion that user i uses the regu-

lar learning module in the first k minutes of an hour, 
and ✏i is the error term.

The regression results are presented in Table 2. Consis-
tent with our prediction, the results in Table 2 indicate 
that the coefficients of RL1

i , RL5
i , and RL10

i are positively 
significant, showing that users tend to achieve better 
learning performance when they are more likely to begin 
using regular learning modules at on-the-hour time 
points. In particular, the results in Table 2 indicate that 
users who have one-unit increase in the proportion of 
using the regular learning module in the first minute of 
an hour tend to learn 35.84 more words. The correspond-
ing numbers of words for the first 5 and 10minutes of an 
hour are 28.41 and 24.95, respectively. Given that, on 
average, users learn 190.51 words during our observation 
(from November 2016 to February 2017), these differ-
ences are substantial (18.81%, 14.91%, and 13.10% higher 
relative to the average learning performance). We also 

examined archival behavioral trace data to explore the 
effects of on-the-hour time points and half-hour time 
points. The results suggest that the occurrence of on-the- 
hour and half-hour time points has a significant relation-
ship with learning performance (see details in Online 
Appendix B).

4.1.3. Discussion of Study 1. Study 1 demonstrates 
that starting a learning session at on-the-hour time points 
has a positive relationship with learning performance. 
Therefore, this archival study confirms the salient on-the- 
hour effects, which motivates us to further study the said 
effects. Although evidence from the interviews helps 
strengthen our confidence in on-the-hour effects, we 
acknowledge that Study 1 is observational in nature and 
only provides correlational evidence of and motivation 
for the phenomenon. Therefore, we conducted a series of 
experiments to (a) establish a causal on-the-hour effect, 
(b) uncover the potential underlying mechanism of the 
on-the-hour effect, and (c) understand the moderating 
role of social presence. Specifically, these experimental 
studies manipulate the occurrence of on-the-hour time 
points, as external cues, to examine how on-the-hour 
time points (compared with other time points) affect 
users’ interaction with learning systems and the out-
comes thereof.

4.2. Study 2: Identifying On-the-Hour Effects in a 
Laboratory Experiment

4.2.1. Experimental Design. The goal of Study 2 is to 
extend Study 1 and evaluate evidence for a causal on- 
the-hour effect. Study 2 has a two-level, single-factor 
(task start time: on-the-hour time points versus other 

Table 1. Summary Statistics

Variable Min Max Mean Standard deviation Observations

Learning Performance 0 3,897 190.51 336.89 15,011
Active Day 0 129 7.12 10.78 15,011
Learning Activity 1 5,273 13.73 61.54 15,011
Gamification Activity 1 466 7.00 15.73 15,011

Table 2. Timing of Using the Regular Learning Module and Learning Performance

Variable (1) (2) (3)

RL1
i 35.85*** (5.37)

RL5
i 28.41*** (4.85)

RL10
i 24.95*** (4.41)

Active Day 21.32*** (0.18) 21.36*** (0.18) 21.38*** (0.18)
Learning Activity 0.46*** (0.03) 0.46*** (0.03) 0.47*** (0.03)
Gamification Activity 0.87*** (0.13) 0.89*** (0.13) 0.90*** (0.13)
Number of observations 15,011 15,011 15,011
R2 0.517 0.517 0.517

Note. Standard errors are reported in parentheses.
***p < 0.01.

Huang et al.: On-the-Hour Effects in Online Learning Systems 
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time points) between-subject design. Table 3 lists the 
manipulations in the experimental groups and the cor-
responding participant instructions. Figure 2 presents 
examples of the manipulations in the experiment. Parti-
cipants assigned to the on-the-hour time points group 
were manipulated to believe that they began a learning 
task that was designed in reference to the regular learn-
ing module in the online learning app in Study 1 at cer-
tain on-the-hour time points. In contrast, participants 
assigned to the other time points group were manipu-
lated to perceive that they began the same learning task 
six or eight minutes after the round hour.5

4.2.2. Experimental Procedure. Seventy students re-
cruited from a large public university in China parti-
cipated in the experiment and were each offered a 
reward of $4.65 for their participation. They were ran-
domly assigned to one of the two experimental groups 
to complete an English word-learning task. To avoid 
peer influence among the participants, they were asked 
to participate in the experiment separately. During the 
experiment, items that might provide clues about the 

time (e.g., the clock in the laboratory and the time dis-
played on the computer) were removed. The partici-
pants were required to leave their cell phones and 
watches in a locker.

The flow of the experimental procedure is depicted 
in Figure 3. After a participant arrived at the laboratory, 
the experiment assistant informed them that the objec-
tive of the experiment was to test a newly designed 
online learning system. The experiment included two 
stages. In the first stage, the participant was required to 
complete a vocabulary test, wherein they were asked to 
select the correct translation (in Chinese) for 30 English 
words.6 These English words were randomly selected 
from the vocabulary book of the Test of English as a 
Foreign Language (TOEFL),7 which is one of the two 
major English-language tests in the world. After com-
pleting the test, each participant was told to take a short 
break of five minutes.

After the break, the experiment assistant announced 
the beginning of the second stage. The participants were 
told to learn English words that were randomly selected 
from the TOEFL vocabulary book (see the word list in 

Table 3. Participant Notifications and Manipulations in Study 2

Experimental group Participant instruction Manipulation

On-the-hour time points Participants were told to arrive at the 
laboratory 20 minutes before a round 
hour (i.e., 8:40 a.m., 9:40 a.m., 10:40 a.m., 
1:40 p.m., 2:40 p.m., 3:40 p.m., 4:40 p.m., 
6:40 p.m., 7:40 p.m., or 8:40 p.m.)

Participants were told, “It is 9:00 a.m. now 
(or 10:00 a.m., 11:00 a.m., 2:00 p.m., 3:00 
p.m., 4:00 p.m., 5:00 p.m., 7:00 p.m., 8:00 
p.m., 9:00 p.m.); please begin the 
learning task.”

Other time points Participants were told to arrive at the 
laboratory 10 minutes before a round 
hour (i.e., 8:50 a.m., 9:50 a.m., 10:50 a.m., 
1:50 p.m., 2:50 p.m., 3:50 p.m., 4:50 p.m., 
6:50 p.m., 7:50 p.m., or 8:50 p.m.)

Participants were told, “It is 9:06/9:08 a.m. 
now (or 10:06/10:08 a.m., 11:06/11: 08 
a.m., 2:06/2:08 p.m., 3:06/3:08 p.m., 
4:06/4:08 p.m., 5:06/5:08 p.m., 7:06/7:08 
p.m., 8:06/8:08 p.m., 9:06/9:08 p.m.); 
please begin the learning task.” The 
experiment assistant randomly told 
participants that the time was 6 or 
8 minutes past a round hour.

Figure 2. (Color online) Examples of Manipulations in Study 2 

Notes. (a) One example of a manipulation in the on-the-hour time points group. (b) One example of a manipulation in the other time points 
group.

Huang et al.: On-the-Hour Effects in Online Learning Systems 
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Online Appendix C) and were given the freedom to 
decide how many words to learn and for how long. 
Before the beginning of the word-learning task, the 
experiment assistant intentionally looked at her watch 
and announced the “current” time to manipulate the 
start time of the learning task (irrespective of what the 
actual time was). Each participant in the on-the-hour 
time points group was told, “It is XX:00 now; please 
begin the learning task.” Each participant in the other 
time points group was told, “It is XX:06 or XX:08 now 
(the experiment assistant randomly told the partici-
pants that the time was six or eight minutes past a 
round hour); please begin the learning task” (see details 
in Table 3).

In both groups, the specific time point the experi-
ment assistant relayed to a participant was displayed 
on the computer screen for five seconds. The partici-
pants then began learning the English words, including 
the meaning of each word and how to spell, pronounce, 
and use each word. In addition, two example sentences 
were displayed to explain the meaning of each word. A 
test followed each word to ensure that the participants 
had learned each word. The participants were given a 
sentence with the newly learned word and were asked 
to select one picture from four pictures that matched 
the meaning of the sentence most closely. Finally, the 
participants themselves decided when to end the learn-
ing task and were asked to recall the exact time points 
at which they began the learning task.

4.2.3. Results of Study 2. Two participants in the other 
time points group who failed to recall the task start time 
were removed from the sample. Therefore, the data of 
68 participants were analyzed. First, we conducted a t 
test to compare the performance of the two groups in 
the vocabulary test (the first stage of the experiment), 
and the result revealed no significant difference. The t 
tests also indicated no statistically significant difference 
between the pair of experimental groups in terms of age 

and gender. These tests suggest that there were no pre-
experiment differences between the two groups.

Figure 4 presents the means and standard errors of 
learning persistence (measured by the time duration a 
participant persists in performing the learning task) 
and learning performance (measured by the number 
of words the participants learned in the experiment) 
in each experimental group. The results of the t tests 
are reported in Table 4. As predicted, the participants 
in the on-the-hour time points group (Mà 17.46, stan-
dard deviation (SD)à 6.51) persisted significantly lon-
ger (p< 0.05) than those in the other time points group 
(Mà 14.82, SDà 6.27) when performing the word- 
learning task. Meanwhile, the participants who were 
manipulated to begin the learning task at on-the-hour 
time points tended to learn more words (Mà 36.40, 
SDà 19.20) than those in the other time points group 
(Mà 28.15, SDà 12.80, p< 0.05). Therefore, the results 
support Hypothesis 2, (a) and (b) and illustrate that 
naturally occurring on-the-hour time points function 
as important external cues and motivate individuals 
to have greater learning persistence and achieve better 
learning performance.

4.2.4. Discussion of Study 2. Study 2 replicated the 
findings in Study 1, according to which the participants 
displayed better learning performance when they started 
learning at on-the-hour time points (compared with other 
time points). Furthermore, addressing the endogeneity 
concern in the correlational evidence in Study 1, we 
manipulated the on-the-hour time points and observed 
the participants’ usage of the learning system designed in 
reference to the regular learning module in Study 1. The 
findings of our laboratory experiment support the inter-
nal validity of our findings and provide evidence for the 
activation of an implemental mindset from the behavioral 
dimension (i.e., participants in the on-the-hour group 
persisted longer in performing the learning task). In Stud-
ies 3 and 4, we sought to evaluate the external validity of 

Figure 3. Flow of the Experimental Procedure in Study 2 

Huang et al.: On-the-Hour Effects in Online Learning Systems 
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the findings and further explore the underlying mecha-
nisms, respectively.

4.3. Study 3: Identifying On-the-Hour Effects in a 
Framed Field Experiment

To enhance the external validity of our findings in Study 
2, in Study 3 we conducted a framed field experiment 
that considered more other time points and explored 
how on-the-hour time points affect the use of the regular 
learning module.8 We found that, consistent with our 
prior findings, on-the-hour time points increase partici-
pants’ learning persistence.

4.3.1. Method. In Study 3, we collaborated with the 
online learning app mentioned in Study 1 to conduct the 
framed field experiment. We recruited students who had 
never used the learning app before, again at a Chinese 
public university. The participants were invited to per-
form specific experimental tasks in the learning app and 
were promised a reward of an equivalent of $4.65. In 
Study 3, the participants were recruited to use the regular 
learning module. The study had a one-factor, two-level 
(task start time at on-the-hour time points versus other 
time points) between-subjects experimental design.

The participants signed up for the experiment one 
week in advance and were asked to download and install 

the learning app. Following our experimental protocol, 
the same vocabulary range was set for all participants in 
the app. We helped the participants become familiar 
with different functional modules of the app. The partici-
pants were then randomly assigned to the experimental 
groups. One day before the experiment began, the experi-
ment assistant sent participants an email to inform them 
to strictly follow the instructions (e.g., start time and min-
imum use time) when completing the experimental tasks. 
Furthermore, when performing the experimental task, 
the participants were allowed to decide how long (no less 
than five minutes) they would use the regular learning 
module. After the task, they were asked to complete an 
online demographic information survey. Table 5 sum-
marizes the experimental tasks in Study 3. After the 
experiment, we extracted behavior data, which included 
the time stamps of beginning and ending the use of the 
regular learning modules from the learning app.

4.3.2. Results and Discussion of Study 3. We con-
ducted a series of pairwise comparison t tests on the parti-
cipants’ demographic information. Our results indicated 
no statistically significant difference between any pair of 
experimental groups in terms of age and gender. In partic-
ular, in Study 3, we recruited 59 participants, 36 of whom 
completed their tasks strictly following our requirements. 

Table 4. Results of Study 2

Experimental group Learning Persistence (minutes) Learning Performance

On-the-hour time points (N à 35) 17.46 (SD à 6.51) 36.40 (SD à 19.20)
Other time points (N à 33) 14.82 (SD à 6.27) 28.15 (SD à 12.80)
p-value of t tests <0.05 <0.05

Note. SDs are reported in parentheses.

Figure 4. Learning Persistence and Learning Performance in Study 2 

Note. Error bars represent standard errors.

Huang et al.: On-the-Hour Effects in Online Learning Systems 
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Comparing the participants’ learning persistence be-
tween both groups enabled us to examine the effects of 
on-the-hour time points (i.e., 9:00 p.m.) on the use of the 
regular learning module. The results of the t tests in 
Table 6 suggest that the participants who were assigned 
to begin learning at on-the-hour time points (Mà 11.73, 
SDà 6.51) persisted longer (p< 0.05) than those who 
began performing the same task at other time points 
(Mà 7.17, SDà 3.12).9 The results are shown in Figure 5. 
Consistent with our findings in Study 2, in support of 
Hypothesis 2(a), the results indicated that on-the-hour 
time points motivate individuals to spend more time per-
forming learning tasks.

4.4. Study 4: Exploring Potential Mechanisms 
and the Moderating Effects of 
Social Presence

In Study 4, we conducted an online experiment to 
reveal the mindset activated by on-the-hour time points 
and to explore a possible moderator of the on-the-hour 
effects. As Gollwitzer et al. (1990) indicated, individuals 
tend to recall implementation-related information (e.g., 
how to take an action) in an implemental mindset and 
deliberation-related information (e.g., why or why not 
take an action) in a deliberative mindset. Referring to 
prior studies, we designed a recall task in Study 4 to 
further verify the mindset induced in our experiment 
(Chandran and Morwitz 2005, Dhar et al. 2007). After 
completing a learning task, the participants were re-
quired to perform a recall task by recalling both delibera-
tive and implemental statements related to the decision 
to purchase an online course. In line with the Dhar et al. 
(2007) study, we conducted a pilot study to ask 20 pretest 
participants to list six pros and six cons of purchasing 
an online course (deliberative statements). In addition, 
we asked them to list six actions that were necessary 
after deciding to purchase an online course (implemental 
statements). We listed the six most mentioned statements 

in each mindset in Online Appendix D. Furthermore, 
in Study 4, we explored the moderating effects of the 
design that enhances users’ perceptions of social pres-
ence, leveraging the “breakout room” function of Zoom 
software, wherein we varied the number of participants 
in the respective breakout rooms in the experiment.

Study 4 explored how task start time (on-the-hour 
time points versus other time points) affected the parti-
cipants’ mindset, learning persistence, and learning 
performance while they performed a learning task. The 
results of Study 4 indicate that on-the-hour time points 
(versus other time points) activate participants’ imple-
mental mindset while they are performing a learning 
task, which in turn, supports them in having greater 
learning persistence and better learning performance. 
Meanwhile, social presence significantly attenuates the 
effects of on-the-hour time points.

4.4.1. Method. Students from several public universities 
in China were recruited to participate in our experiment, 
with a compensation equivalent to $5.7. Ultimately, 169 
participants performed a learning task identical to that 
performed in Study 2.10 Study 4 had a two-factor, two- 
level (task start time⇥ social presence) between-subjects 
experimental design. Participants were instructed to com-
plete the learning task for as long as they wanted and 
then perform the recall task. We manipulated the task 
start time by beginning the first experimental task at on- 
the-hour time points (i.e., 11:00 a.m.) or at other time 

Table 5. Details of Experimental Tasks in Study 3

Experimental group Details of experimental tasks

On-the-hour time points Participants were told to begin using the regular learning module at 9:00 p.m. They were allowed to 
decide how long they would use the regular learning module (no less than 5 minutes).

Other time points Participants were told to begin using the regular learning module at a time point that the experiment 
assistant randomly selected—8:36 p.m. to 8:50 p.m. or 9:11 p.m. to 9:25 p.m. The participants were 
allowed to decide how long they would use the regular learning module (no less than 5 minutes).

Table 6. Results of Study 3

Experimental group Learning Persistence (minutes)

On-the-hour time points (n à 21) 11.73 (SD à 6.51)
Other time points (n à 15) 7.17 (SD à 3.12)
p-value of t tests <0.05

Note. SDs are reported in parentheses.

Figure 5. Learning Persistence in Study 3 

Note. Error bars represent standard errors.

Huang et al.: On-the-Hour Effects in Online Learning Systems 
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points (i.e., 11:08 a.m.). The participants in the social pres-
ence condition were assigned to perform the experimental 
task in Zoom breakout rooms with other participants. 
Those in the no social presence condition completed their 
tasks alone in separate Zoom breakout rooms.

Figure 6 illustrates the experimental procedure in 
Study 4. The research assistant invited the participants to 
join a Zoom virtual meeting and introduced the experi-
mental tasks (performing a learning task and completing 
a recall task). The research assistant explained the guid-
ance given on an experimental website and shared the 
link of the experimental website (on Qualtrics.com) with 
the participants through the chat box of the Zoom meet-
ing. The participants were informed that they would 
receive an experimental code to begin the experiment 
after entering the Zoom breakout room and that they 
would need to remain connected to each other in the 
breakout room during the experiment.11 Thereafter, the 
participants were assigned to either the same Zoom 
breakout room with other participants (in the social pres-
ence condition) or separate Zoom breakout rooms (in the 
no social presence condition). The assistant informed the 
participants of the experimental code one minute before 
the manipulated time points and asked them to begin 
the experimental tasks.12 Similar to the design in Study 
2, once the participants input the experimental code, a 
specific manipulated time point (i.e., 11:00 a.m. or 11:08 
a.m.) was displayed on the experimental website for five 
seconds. The participants then began the first experi-
mental task.

The participants learned English words on the experi-
mental website for as long as they wanted. After com-
pleting the first task, they were asked to recall the exact 
time points at which they began the task and whether 
they performed the tasks with others in the same break-
out room or a separate one. We conducted manipulation 
checks based on these answers. Thereafter, we measured 
the participants’ perception of social presence (Gefen 
and Straub 2004), self-efficacy (Fujita et al. 2007), and 
task commitment (Fujita et al. 2007).13 Next, referring to 
Dhar et al. (2007), all participants were asked to read 12 

thoughts that a hypothetical person might have when 
deciding whether to buy an online course and what to 
do after the decision to purchase was made (see details 
in Online Appendix D). After two filler tasks, the parti-
cipants were required to recall as many thoughts as 
they could.

4.4.2. Results and Discussion of Study 4. In Study 4, 
valid responses from 125 participants were used for the 
analyses.14 The Cronbach’s alpha score of social presence 
was 0.87, and the participants in the social presence condi-
tion had a higher perception of social presence (Mà 2.842 
versus Mà 2.141, pà 0.004) than those in the no social 
presence condition, thereby indicating the success of our 
manipulation.

Table 7 lists the statistical results of Study 4, and Figure 
7 illustrates these results. As depicted in the table, among 
the participants who performed the learning task in the 
no social presence condition, those who began at an on-the- 
hour time point recalled significantly more implemental 
statements than those who began at other time points 
(Mà 2.324 versus Mà 1.594, pà 0.044), thereby verifying 
our prediction that on-the-hour time points activate an 
individual’s implemental mindset (Hypothesis 1). Mean-
while, consistent with our findings in Studies 2 and 3, 
the participants tended to have greater learning persis-
tence (Mà 14.755 versus Mà 8.556, pà 0.001) and achieve 
better learning performance (i.e., learned more English 
words) in the on-the-hour time points group (Mà 19.324 
versus Mà 11.438, pà 0.014) than in the other group, sup-
porting Hypothesis 2, (a) and (b). However, under the 
condition in which the participants completed the learn-
ing task in a Zoom breakout room with others (the social 
presence condition), we did not find significant differences 
in the number of recalled implemental statements, the 
number of recalled deliberative statements, learning per-
sistence, or learning performance.

The results of the two-way analysis of variance 
(ANOVA) (see Table 8) indicated that the effects of the 
interaction term (i.e., on-the-hour time points ⇥ social pres-
ence) on the participants’ recall of implemental statements 

Figure 6. Flow of the Experimental Procedure in Study 4 
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(pà0.078), learning persistence (pà0.008), and learning 
performance (pà0.032) were significant, supporting Hy-
pothesis 3, (a), (b), and (c). Furthermore, to explore the 
extent to which an implemental mindset explained the 
main effect of on-the-hour time points on learning out-
comes (i.e., learning persistence and learning perfor-
mance) and the moderating effect of social presence, 
we applied a standard bootstrap procedure (model 7 in 

Hayes 2013). Specifying a confidence interval (CI) of 
95% with 5,000 bootstrap resamples, we found that the 
indirect effect of on-the-hour time points on learning 
persistence through an implemental mindset is signi-
ficant in the no social presence condition (indirect ef-
fectà1.270; 95% CI [0.246, 2.678]). However, the results 
indicated an insignificant mediating effect of the im-
plemental mindset on learning persistence (indirect 

Table 7. Results of Study 4

Experimental group
Number of Implemental 

Statements
Number of Deliberative 

Statements
Learning 

Persistence
Learning 

Performance

No social presence
On-the-hour time 
points (n à 34)

2.382 (1.349) 2.971 (1.141) 14.755 (6.989) 19.324 (14.677)

Other time points 
(n à 32)

1.531 (1.319) 3.156 (1.273) 8.556 (4.585) 11.438 (7.560)

Social presence
On-the-hour time 
points (n à 29)a

2.207 (1.590) 2.724 (1.461) 14.524 (8.237) 19.414 (12.813)

Other time points 
(n à 30)b

2.200 (1.540) 2.867 (1.432) 15.870 (9.701) 20.433 (14.968)

Note. Standard errors are reported in parentheses.
aThirty-three participants finished the experiment task in this experimental group, and four of them were excluded 

from the data analysis because they failed to correctly answer the manipulation check questions. Therefore, there were 
29 valid samples in this group.

bThirty-seven participants finished the experiment task in this experimental group, and six of them were excluded in 
the data analysis because they failed to correctly answer the manipulation check questions. Therefore, there were 31 
valid samples in this group.

Figure 7. Results of Study 4 

Note. Error bars represent standard errors.
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effectà�0.123; 95% CI [�1.289, 0.841]) in the social pres-
ence condition. Consistently, the indirect effect of on-the- 
hour time points on learning performance through an 
implemental mindset is significant in the no social pres-
ence condition (indirect effectà2.347; 95% CI [0.544, 
4.700]) but insignificant (indirect effectà�0.227; 95% CI 
[�2.388, 1.519]) in the social presence condition.

To obtain qualitative evidence from the participants’ 
perspective, we invited 41 participants in the study to 
participate in one-on-one debriefing interviews (see 
details in Online Appendix F). Interview answers sup-
ported our explanations for the on-the-hour effects and 
the moderating effects of social presence. When the 
participants were asked to imagine performing the 
same task beginning at on-the-hour time points (versus 
other time points), 31 (75.6%) confirmed that the differ-
ences in their perceptions or behavior were caused by 
task start time. They stated as follows. “On-the-hour 
time points represent new start points.” “These time 
points/temporal cues are natural constraints that moti-
vate me to begin a serious task.” “I feel more comfort-
able to begin a learning task at on-the-hour time points, 
and it is much easier for me to focus on my task.” 
“Beginning a task at on-the-hour time points brings me 
a feeling of ritual. I will feel more energetic, take the 
task more seriously, and persist much longer.”

Meanwhile, 35 of 41 participants said that being vir-
tually assigned to the same Zoom breakout room with 
other participants (versus being alone in a separate 
Zoom breakout room) is helpful for “building a psy-
chological connection to others.” “It makes me feel that 
someone is in company with me.” “I feel comfortable 
following others’ behavior. If I know that others are still 
learning, I will persist longer.” Furthermore, approxi-
mately 15 participants directly mentioned that the dif-
ference between on-the-hour time points and other 
time points can be mitigated and even disappear in the 
social presence condition. They stated as follows. “The 
constraining effects elicited by on-the-hour time points 
will disappear because I can directly refer to others’ 
behavior to make decisions.” “Being virtually con-
nected with others, I will care less about the start time.” 

In summary, the results of Study 4 provide evidence 
for the underlying mechanism of the effects of on-the- 
hour time points from the cognitive dimension, thereby 
indicating that when performing a learning task, the 
occurrence of on-the-hour time points activates an 
implemental mindset in participants, which then sup-
ports them in achieving better learning performance. In 
addition, we demonstrated that social presence miti-
gates the effects of on-the-hour time points when parti-
cipants performed a learning task, thereby supporting 
Hypothesis 3, (a), (b), and (c).

5. Discussion
5.1. Key Findings
In this paper, we adopted a multimethod approach and 
conducted a series of studies to examine how naturally 
occurring, intraday, on-the-hour time points that func-
tion as external cues impact users’ online learning be-
havior and outcomes.15 In Study 1, the analysis of 
archival data obtained from an online learning app pro-
vided correlational evidence that beginning to use the 
regular learning module at on-the-hour time points had 
a positive relationship with learning performance. The 
results of a laboratory experiment in Study 2 indicated 
that users who began performing the word-learning 
task at the manipulated on-the-hour time points tended 
to persist longer and achieve better learning perfor-
mance. In Study 3, a framed experiment revealed that 
the participants persisted longer in their learning when 
they began using the regular learning module at on-the- 
hour time points. In Study 4, we conducted an online 
experiment to replicate the findings of Studies 2 and 3; 
the results of this study also provided evidence for the 
underlying mechanism by revealing that the occurrence 
of on-the-hour time points activated individuals’ imple-
mental mindset while performing a learning task. We 
also found that social presence significantly mitigated 
the effects of on-the-hour time points when the partici-
pants were performing a learning task; thus, social pres-
ence serves as an important boundary condition for the 
effects of on-the-hour time points. We summarize our 
study designs and results in Online Appendix H.

Table 8. Results of Two-Way ANOVA in Study 4

Variables
Number of Implemental 

Statements (p-value)
Number of Deliberative 
Statements (p-value)

Learning Persistence 
(p-value)

Learning Performance 
(p-value)

On-the-hour Time Point 0.149 0.486 0.073 0.261
Social Presence 0.209 0.259 0.009 0.036
On-the-hour Time Point ⇥

Social Presence
0.078 0.945 0.009 0.032

Self-efficacy 0.915 0.243 0.730 0.206
Task Commitment 0.218 0.292 0.759 0.202
Age 0.570 0.710 0.472 0.131
Gender 0.823 0.036 0.973 0.633
Education Background 0.028 0.187 0.562 0.160
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5.2. Contribution to the Literature
Overall, this paper makes several contributions to the 
existing literature. First, it introduces and examines the 
effects of temporal cues in online learning contexts. 
Prior studies have mainly focused on factors related 
to learner characteristics, learning context, technology 
features, and instructional strategies that affect lear-
ners’ psychological processes and learning outcomes 
(Alavi and Leidner 2001, Santhanam et al. 2008, Gupta 
and Bostrom 2009, Huang et al. 2020). In particular, 
to help online learners overcome self-control problems 
and motivate user-system interactions, IS scholars have 
examined the effectiveness of several technology- 
based designs within learning systems, including self- 
regulated learning instructions (Santhanam et al. 2008), 
call-to-action reminders (Huang et al. 2020), and social 
presence-enhanced designs (Franceschi et al. 2009). We 
extend prior related studies by considering temporal 
cues outside learning systems, which play an important 
role in motivating users to tackle their goals (Dai et al. 
2014, 2015). Our paper demonstrates that intraday tem-
poral cues, in the form of on-the-hour time points, sub-
stantially affect users’ learning persistence and learning 
performance. Second, our research sheds light on the lit-
erature on the mindset theory (Gollwitzer 1990, Taylor 
and Gollwitzer 1995, Zhao et al. 2012). Scholars have 
demonstrated that space- (e.g., queue guides and area 
carpets) (Zhao et al. 2012) or time-related cues (e.g., the 
categorization of time) (Tu and Soman 2014) can activate 
an implemental mindset. We examine the underlying 
mechanism for the on-the-hour effects, showing that on- 
the-hour time points can activate users’ implemental 
mindset when users start engaging with the regular 
learning module or learning systems, which helps users 
have greater learning persistence and better learning 
performance. Third, our research explores the role of 
social presence in the effects of on-the-hour time points 
in online learning. Other studies have explored the 
direct effects of various social presence, indicating that 
IT-enabled social presence significantly affects learning 
engagement (Franceschi et al. 2009), participation (Tu 
and Mcisaac 2002), performance (Picciano 2002), and 
satisfaction (Zhan and Mei 2013, Richardson et al. 2017). 
As an extension, our research explores how IT-based 
social presence interacts with on-the-hour time points to 
affect users’ mindsets and online learning outcomes, 
revealing that social presence mitigates the on-the-hour 
effects on the implemental mindset, learning persis-
tence, and learning performance.

5.3. Practical Implications
This paper offers actionable implications for practice. 
First, according to our findings, online learning plat-
forms’ learners and instructors can leverage common 
temporal cues (i.e., on-the-hour time points) to schedule 
learning activities to motivate themselves to improve 

their learning persistence and to achieve better learning 
performance. Based on our findings, developers can 
design an effective reminder system to motivate users 
to persist longer in the use of regular learning modules 
or learning systems. For example, a reminder system 
can indicate the appropriate timing (e.g., on-the-hour 
time points) to send messages that emphasize both 
these time points and instrumental outcomes (e.g., spe-
cific long-term learning goals) to support users’ goal- 
pursuit behavior.

Second, this paper demonstrates the power of 
technology-based social presence in the online learning 
context. Online learning platforms can adopt a design 
that enables users who are geographically separated to 
be virtually connected (e.g., referring to the design of the 
StudyStream platform (https://www.studystream.live/ 
focus-room)) to improve their learning productivity. 
The findings of our study indicate that incorporating 
social presence-enhanced designs effectively mitigates 
the impact of temporal cues on users’ learning outcomes. 
Therefore, online learning platforms should take into 
consideration that the combined use of social presence- 
enhanced designs and temporal cues does not necessar-
ily yield additive benefits. Platforms may opt to leverage 
these design elements separately to help users improve 
their learning outcomes.

Finally, the current practice for online platforms is to 
issue mass notifications to users, typically early in the 
morning (Zhang et al. 2021), with the expectation of 
attracting and sustaining users’ attention in actively 
engaging with the platforms. Considering the findings 
of our research, platforms need to pay attention to both 
the value (i.e., utilitarian value or hedonic value) that 
platforms provide for users and the timing of issuing 
notifications. For example, entertainment apps mainly 
provide users with hedonic value; therefore, it would 
be beneficial for these platforms to send reminders to 
users at time points other than on-the-hour time points. 
In contrast, the use of health management apps is 
related to the pursuit of long-term health goals. These 
apps can remind users at on-the-hour time points to 
help them overcome willpower problems and motivate 
them to take immediate action.

5.4. Limitations and Future Research 
Opportunities

This work has several limitations that suggest ample 
research opportunities in the future. First, we investi-
gated the short-term effect of on-the-hour time points. 
Although the short-term effect of the temporal cue is the 
focus of this study, it would be interesting for future 
studies to explore whether the effects of temporal cues 
will persist over time, particularly when users repeat-
edly perform the same task. Second, although our study 
is situated in the online learning context and focuses on 
the effects of on-the-hour time points on users’ learning 
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outcomes, future work can explore the influence of on- 
the-hour time points in systems that focus on other types 
of outcomes, such as hedonic systems in which user 
enjoyment is important.

Endnotes
1 The source is https://www.thinkimpact.com/online-learning- 
market-size/.
2 For example, platforms, such as the StudyStream, enable learners 
to virtually connect with others to help them focus on their learning 
tasks and boost productivity (source: https://www.studystream. 
live/focus-room).
3 As our data set did not include records of when users stopped 
using the regular learning module, we were unable to comprehen-
sively evaluate all our hypotheses, which were formally tested in 
subsequent experimental studies.
4 In the online learning app, users use the regular learning module 
to learn how to spell, pronounce, and use new words. While analyz-
ing the effects of on-the-hour time points, we tried to control factors 
that may affect learning performance by controlling user activities 
in other modules in this app (i.e., the number of times users use a 
gamified learning module that enables them to compete with 
others). In the analysis, Learning Activity captured the number of 
times a user used the learning module, and Gamification Activity 
captured the number of times a user used the gamification module.
5 In Study 2, we considered the effects of on-the-hour time points dur-
ing the periods of 9:00 a.m. to 11:59 a.m., 2:00 p.m. to 5:59 p.m., and 
7:00 p.m. to 9:59 p.m. (no experiments were scheduled during lunch-
time and dinnertime). Such a design enables us to consider the effects 
of different on-the-hour time points during the daytime. Based on a 
pilot study, we found that, on average, it takes approximately 15 min-
utes for activities (including an experiment introduction, an English 
vocabulary test, and a short break) before the formal manipulations in 
the experiment begin. To make our manipulations plausible, partici-
pants who were assigned to the on-the-hour time points group were 
told to arrive at the laboratory 20 minutes before a round hour and 
were manipulated to believe that they began the learning task at on- 
the-hour time points. Meanwhile, participants who were assigned to 
the other time points group were told to arrive at the laboratory 10 
minutes before a round hour and were manipulated to believe that 
they began the learning task 6 or 8 minutes after the round hour. 
Because of the limitation of the laboratory experiment, we only con-
sidered two other time points in Study 2. As a complement, in the 
framed field experiment (Study 3), we further compared the effects of 
on-the-hour time points and other time points both before and after 
round hours.
6 The comparability of subjects in different experimental groups can 
be assessed through the analysis of vocabulary test results. Addi-
tionally, the vocabulary test serves as a tool to influence consumers’ 
perception of time, making the manipulation of task start time more 
justifiable for all subjects.
7 See https://www.ets.org/toefl.
8 In Study 2, although choosing “the other time point,” we only con-
sidered some time points after specific on-the-hour time points. In 
Study 3, we considered more other time points by manipulating 
participants to complete their learning tasks at a time point ran-
domly selected before (from 8:36 p.m. to 8:50 p.m.) or after (from 
9:11 p.m. to 9:25 p.m.) a specific on-the-hour time point (i.e., 9 p.m.).
9 In Study 3, our access to data was limited to learning persistence 
data from the cooperative online learning platform. As a result, we 
were unable to examine the effects of on-the-hour time points (ver-
sus other time points) on learning performance in Study 3.

10 The first experimental task of Study 4 involved performing a learn-
ing task. There was only one difference between the learning tasks in 
Studies 2 and 4. In Study 2, the words for learning were randomly 
selected from a TOEFL vocabulary book, whereas in Study 4, they 
were randomly selected from a Test of English for International Com-
munication vocabulary book (see the word list in Online Appendix C).
11 Specifically, participants were instructed not to interact with 
other participants during the experiment. They were instructed to 
have the camera on and the mic off. During the experiment, the 
research assistant cycled the breakout rooms (for the social presence 
conditions) and confirmed that participants did not interact with 
others in the break room.
12 We used this experimental design to ensure that participants strictly 
followed our instructions to perform the first experimental task at spe-
cific time points. We also checked the records of Qualtrics.com to elimi-
nate those who failed to follow our instructions.
13 In Study 4, we attempted to control goal-related variables by refer-
ring to Fujita et al. (2007). Specifically, we considered participants’ 
perception of task feasibility and measured it with self-efficacy. We 
also considered participants’ desire for goal attainment in performing 
our tasks and measured their task commitment on a seven-point 
Likert scale, where one equals strongly disagree and seven equals 
strongly agree. In Study 4, we designed another question: “What is 
the reward you get from participating in this experiment?” Partici-
pants in Study 4 answered this question on a seven-point Likert scale, 
where one equals money and seven equals learning new words. The 
answers in Study 4 (Mà 3.74, SDà 1.53) indicate that the participants 
did not merely care about money in the experiment. The items are 
listed in Online Appendix E.
14 We recruited 169 participants, 25 of whom were excluded 
because of technical problems (i.e., failing to open the experimental 
website, getting disconnected from the Zoom breakout room during 
the experiment) and 19 were excluded because they failed to cor-
rectly answer the manipulation check questions.
15 We also conducted ordinary least squares regression in Studies 
2–4 to verify the effects of on-the-hour time points with age, gender, 
and other variables as control variables. The results (see Online 
Appendix G) are consistent with our findings in the manuscript.
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