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Germany. tion of temporal factors that are also discussed as impor-

Email: janson@uni-mannheim.de tant drivers of achievement-motivated behaviour. Temporal
Motivation Theory (T'MT) combines both approaches in a
formalized manner.

Aims: Although TMT is supported by empirical studies
with self-reported academic procrastination, it has not been

for achievement-motivated behaviour, it lacks the integra-

tested on actual achievement-motivated behaviour.
Materials & Methods: We evaluated the predictive power
of the TMT on IN=2351 learning days of 127 psychology
students' self-regulated examination preparation for statis-
tics over the course of one semester using logfile data of an
e-learning system.

Results: The proposed TMT score, incorporating expec-
tancy and value beliefs, sensivitiy to delay, and actual time
till examination predicted students' achievement-motivated
behaviour significantly.

Discussion: Further analyses revealed that not the trait
compositions of the TMT, but the temporal proximity
of the statistics examination was the main driver of this
association.

Conclusion: The results have important implications for
understanding the factors that shape students' motivation
to learn and subsequent academic success in actual learn-
ing situations. Thus, research should continue to take situ-
ational aspects, especially the temporal proximity of goals
more into account.
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BACKGROUND

Achievement motivation is one of the most important determinants of academic success (Lavrijsen
et al., 2022; Schneider & Preckel, 2017). A vast majority of studies investigate links between achieve-
ment motivation and achievement-motivated behaviour, such as effective and persistent studying
(Koenka, 2020). However, one criticism of well-established motivation theories such as expectancy-
value theories is that they do not consider time as a factor that impacts learning behaviour (Steel &
Kénig, 20006). Yet, time is discussed as an important factor shaping achievement-motivated behaviour
(mostly considered as temporal proximity to a deadline; Peetz & Wilson, 2013). Particularly in the con-
text of university students' examination preparation, an upcoming examination is a critical factor that is
hypothesized to shape trajectories of learning motivation (Capelle et al., 2022).

Temporal Motivation Theory (TMT, Steel & Konig, 2006) combines key components of expectancy-
value theories (Eccles et al., 1983) with a temporal perspective in a formalized manner. TMT poses that
achievement-motivated behaviour, i.e. the motivation to engage in a task, is mainly driven by personal
factors (such as expectancy and value beliefs), the temporal proximity of deadlines (“delay”) as well as
individuals' sensitivity to this delay. Despite the fact that TMT served as a fruitful theoretical framework
for many studies in the past years, three main research gaps do exist: (1) So far, the theory has mainly
been tested with self-report data, and studies using objective data use high levels of data aggregation (e.g.,
Steel et al., 2018). Current studies, however, emphasize the merit of the integration of fine-grained obser-
vational data and self-report data (Ellis et al., 2017). (2). To date, the TMT theory has been predominantly
used to explain why students do #oz engage, but postpone their learning activities (academic procrastina-
tion, Steel, 2007; Steel et al., 2018; Steel & Klingsieck, 2016) instead of modelling achievement-motivated
behaviour as it is stated in the theory. (3) To the best of our knowledge, no existing literature evalu-
ates the predictive power of the TMT and its subcomponents' validity in a comparative way. Hence,
with our present research, we aim to address these open research gaps by applying the TMT formula to
self-regulated learning examination preparation. By strictly following the formalized propositions of the
TMT, we examine its validity under real-world conditions using the power of logfile data to observe self-
regulated activities (Baker et al., 2020). Until now, only some aspects of basic assumptions of the TMT
have been tested empirically, focusing on procrastination research (Netzer Turgeman & Pollak, 2023;
Siaputra, 2010; Steel et al., 2018). However, a comprehensive test of the TMT is still missing, which is
fundamental to provide a solid foundation for further theory development. Further, we will discuss how
the TMT can be embedded in the current developments of the situated expectancy-value framework
(SEVT, Eccles & Wigfield, 2020, 2023), as motivation research proceeds to more situational differences
in achievement motivation (Dietrich et al., 2022; Moeller et al., 2022; Murayama et al., 2017), which is
only reflected partly in the TMT yet. Finally, as e-learning systems are particularly suitable for gaining
objective data on learning persistence and performance (Janson et al., 2022, 2023), this approach helps us
to better understand the self-regulatory processes of motivated behaviour.

Achievement motivation in terms of expectancies and values as a key to
academic success

Internationally, fostering academic success in higher education is a central educational goal (Sneyers &
De Witte, 2018). Comprising multiple dimensions, current studies consider academic achievement as a
core aspect, (i.e., grades obtained in examinations, van der Zanden et al., 2019; York et al., 2015). Thus,
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intensive research efforts examine factors that promote academic achievement in higher education.
Of these, self-regulated learning activities during the semester and examination preparation proved to
be essential for academic success (Capelle et al., 2022; Rodriguez et al., 2022). Particularly high-stakes
examinations—such as statistics in the study program of psychology (Férster et al., 2018; Schwerter
et al., 2022)—are important gatekeepers to continued academic success for many university majors
(Gartield & Ben-Zvi, 2007).

According to models of self-regulated learning (Zimmerman & Schunk, 2011), achievement moti-
vation is among the key determinants of successful self-regulated learning. Achievement motivation
is most proximally linked to academic achievement beyond measures of intelligence and personality
(Lavrijsen et al., 2022). A well-established theoretical framework that allows a differentiated perspective
on achievement motivation is the expectancy-value theory (Eccles et al., 1983). To explain differences in
students' motivation to pursue and persist in achievement-motivated behaviour, expectancy-value the-
ory (EVT, Eccles et al., 1983) postulates that achievement motivation comprises two major components:
expectancies for success and subjective task value. Whereas expectancies for success indicate whether
students feel capable of succeeding in the task (“Can I do it?”, cf. personal efficacy, Bandura, 1977),
subjective task value states how valuable the task is to them considering both benefits and costs due to
task engagement (“Why would I do it?”).

Time matters — A temporal perspective on achievement motivation

Per Eccles and Wigfield (2020), research on achievement motivation should be complemented by
considering situative factors. These can be further systemized in contextual characteristics and time
(Pekrun & Marsh, 2022). Recent research findings particularly pointed to the importance of temporal
variation of motivation (Dietrich et al., 2019; Moeller et al., 2022; Pekrun & Marsh, 2022). However,
time as such is not a psychological variable and psychological processes are needed to link the effects of
time to achievement motivation. In terms of achievement motivation, time has been mostly considered
as temporal proximity to a deadline (Peetz & Wilson, 2013), also addressed as a temporal landmark
(Dai & Li, 2019). Insights from pico-economics and social psychology (Steel & Konig, 2006) offer
theoretical perspectives to explain the effects of such temporal landmarks on achievement motivation.

Major theories including such a perspective are for example temporal discounting (Ainslie, 2010;
Rubinstein, 2003) and construal level theory (Liberman & Trope, 1998; Trope et al., 2007), both stating
that judgement and decision making is dependent on the temporal perspective. Temporal discount-
ing refers to the individual's tendency to value outcomes higher if they ate more proximal in time
(Ainslie, 2010). Construal level theory states that considerations about future events are more abstract
compared to those closer in time (Liberman & Trope, 1998; Trope et al., 2007). From both theoretical
approaches, one can conclude that achievement motivation should increase as deadlines approach. In
terms of temporal discounting, one may assume higher associated value to learning activities with closer
time (see Capelle et al., 2023) as well as more concrete (planning of) learning activities closer to exam-
inations due to the less abstract mental representation of the needed examination preparation. To our
best knowledge, current studies in educational psychology address the issue of incorporating time as a
variable (Capelle et al., 2022, 2023), but still lack a thorough integration of the temporal perspective —
in terms of strictly formalized propositions — into existing frameworks (Dietrich et al., 2022; Eccles &
Wigfield, 2020; Moeller et al., 2022; Murayama et al., 2017), which can make a unique contribution to
explaining motivated behaviour (Steel & Kénig, 20006).

Temporal motivation theory and achievement motivation

Combining key components of the classic expectancy-value approach with a temporal perspective,
the Temporal Motivation Theory (TMT; Steel & Koénig, 2006) aims to explain the emergence and
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development of achievement motivation in an integrative theory on achievement motivation predicting
achievement-motivated behaviour. The theory combines a trait perspective on achievement motivation
and time to a formalized and testable proposition. According to the TMT, motivation at any given time
is the product of expectancy and value, divided by individuals' sensitivity to delay (in terms of lack
of self-control and impulsiveness) and the amount of time until the deadline (delay). As illustrated in
the following equation, the approach is formularized to explain achievement motivation (sometimes
referred to as utility; Steel & Koénig, 2006) based on the described parameters:

Expectancy X Value

Achievement Motivation, =
" Sensitivity to delay X Delay,

Hence, according to this formula, achievement motivation at any time point 7 is determined by
stable interindividual differences and the progression of time expressed by the delay at time point £
Following Steels' (2007) reasoning, all four components of the TMT are highly associated with students'
achievement-motivated behaviour as a behavioural expression of achievement motivation. Following
the formula, achievement motivation is higher, when learners have higher expectancies about success
and derive more value. Additionally, achievement motivation will be lower when the sensitivity to delay
and the time till the deadline is high. It is important to note that above and below the fraction line, mul-
tiplicative terms are stated. Hence, achievement motivation will remain low, even when values are high
if the expectancy for success is nonexistent (see also, Nagengast et al., 2011). Also, even if the sensitivity
to delay is high, achievement motivation will not be significantly lowered when the delay is small, i.e.
the deadline is imminent. A graphical representation of achievement motivation development in depen-
dency of time until a deadline is displayed in Figure 1.

Despite the formula provides a longitudinal perspective on achievement motivation, only the delay
component varies across time, while the interindividual differences are treated as stable. Due to the re-
ciprocal entering of the delay component, achievement motivation of time follows a curve with stronger
increasing achievement motivation closer to the deadline. The interindividual differences describe the
position and shape of the curve. Hence, achievement motivation is higher for individuals with higher
(stable) expectancies and values. As deadlines approach (meaning delay decreases), achievement moti-
vation increases for individuals, with those having lower sensitivity to delay experiencing a steadier rise

ExpectancyxValue

Achievement Motivation, =

Sensitivity to delayXDelay,

Achievement Motivation

Delay (1-Time)

FIGURE 1 [Illustration of the development of achievement motivation over time according to temporal motivation
theory (Steel, 2007). Development of achievement motivation based on Steel's (Steel, 2007) Temporal Motivation Theory.
Achievement motivation is dependent on time until a deadline (delay represents the inverted measurement) and expectancy,
value and sensitivity to delay are stable dispositions that alter the steepness of the curve.
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in motivation compared to those with higher sensitivity, who might exhibit a steeper increase close to
the deadline.

Although TMT is an effort to provide a general theory of achievement motivation, its empirical
application focuses primarily on academic procrastination. To date, research in the higher education
context predominantly used the theory to investigate university students' procrastination tendencies
(Steel, 2007; Steel et al., 2018; Steel & Klingsieck, 2016).

However, it is still unclear to which extent the formula predicts actual achievement-motivated
behaviour, beyond the mere focus on its inverted outcome procrastination. Previous approaches
for determining achievement-motivated behaviour using the TMT approach focused for example
on the number of completed assignments (Steel et al., 2018). In this study, participants completed
learning assignments over the course of the semester with recommended timeslots for completion.
They were incentivized with additional points for the final examination when they completed the
assignments on time. However, this somewhat restricts the degree of autonomous self-regulated
learning activities, so objective data on actual self-regulated achievement-motivated behaviour is
still missing. Moreover, the previous research also suffered from methodological setbacks as studies
often lacked an intensive longitudinal design and data gathered in the actual context of studying
(Roe, 2014; Steel et al., 2018). Hence, in the present work, we aim to investigate whether the TMT
holds true in a real-world setting of high-stakes statistics examination preparation and the usage of
objective observational data for measuring achievement-motivated behaviour, thereby extending
previous research that mainly used self-reports.

THE PRESENT STUDY

In recent years, e-learning opportunities have emerged that depend on learners' self-regulatory capaci-
ties in their effectiveness (Azevedo et al., 2011; Cheng & Xie, 2021; Winters et al., 2008). One kind
of e-learning systems that support students' self-regulated learning are intelligent tutoring systems.
These provide individually adapted guidance to the learner during learning activities (Mousavinasab
et al., 2021) which are shown to be as effective as human tutoring (VanLehn, 2011). Besides the effec-
tiveness for learners, such tutoring systems can be used for objectively measuring learning processes
(Janson et al., 2022, 2023).

According to Eccles and Wigfield (2020) achievement motivation leads to achievement-related
choices and higher persistence to maintain achievement-motivated behaviour. Applying this theoret-
ical assumption, learners' total usage of an intelligent tutoring system (e.g., their total learning time)
should also depend on achievement motivation. In the present study, we thus aim to use logfile data
of an intelligent tutoring system to extend previous research on TMT in two ways: First, by testing the
formula with motivational variables that were examined via a self-report questionnaire in regard to the
preparation of an important statistics examination. Second, by using actual behavioural logfile-data
for self-regulated examination preparation from an intelligent tutoring system (Baker et al., 2020). The
basic research aim of the current study is depicted in Figure 2. Based on theoretical assumptions of
TMT (Steel, 2007; Steel & Konig, 20006), we hypothesized that a higher level of achievement-motivated
behaviour (higher total learning time per day) is positively predicted by higher achievement motivation
represented by a compound score using the TMT formula (Hypothesis 1). Second, we also assumed
that subcomponents of the TMT formula predict achievement-motivated behaviour (total learning
time per day). In particular, we aim to examine the hypothesis that higher learning time is associated
with higher expectancies, values, sensitivity to delay, and delay in terms of less time until the examina-
tion (Hypothesis 2). It is important to note that, despite the current developments regarding situational
changes in achievement motivation (Dietrich et al., 2022; Eccles & Wigfield, 2020; Moeller et al., 2022;
Murayama et al., 2017), we strictly follow the TMT approach of only varying the delay component.
This way, we aim to evaluate which components of the TMT are driving the effect by inspecting the
components separately.
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Achievement Motivation Motivated Learning Behavior
BeEeing (o AT : in terms of students' aggregated
ExpectancyxValue learning time per day

Sensitivity to delayXDelay,

FIGURE 2 Basic research aim of the current study. Expectancy, value and sensitivity to delay are measured with
self-report data; delay and motivated learning behaviour with objective data from an intelligent tutoring system. Motivated
learning behaviour is measured every day and together with the delay variable represents intraindividual differences while the
self-report variables are (in accordance with the TMT) treated as traits and assessed at first login.

METHOD
Design and sample

We assessed data during the fall semester of 2022 at a German university. Psychology students who were
using the intelligent tutoring system CoTutor (Siebert & Janson, 2018) for self-regulated examination
preparation for a first-semester statistics course were invited to participate in the study at the first login
to the software. The web-based software is offered on a commercial base and is used by a vast majority
of the students. After giving consent to participate in the study, the users answered the provided ques-
tionnaires on achievement motivation. Afterward, students were able to use the software at their own
pace and no further interventions or measurements in the software took place, but the learning data
were protocolized in an automated manner keeping track of every single action (i.e. exercise answer)
within the software. Students received course credits in exchange for participation.

To evaluate the predictive power of the TMT on motivated behaviour during self-regulated exam-
ination preparation, we assessed data from N=127 first-semester psychology students (79.5% female,
19.7% male; .8% diverse) with a mean age of 20.25years (§D =1.99). We measured learners' expectancies
and values as well as their self-control capacities at their individual learning onset. We continuously
collected the logfile data of the learning activities until examination day.

Materials

To test the research questions, we measured every component of the TMT with either objective data,
self-reports, or a combination of objective data and self-reports. The objective data was retrieved
from the intelligent tutoring system CoTutor (Siebert & Janson, 2018). The software provides prac-
tice exercises tailored to the respective statistics course including multiple choice exercises to con-
solidate understanding and arithmetic problems for practice testing (Roediger & Karpicke, 20006a,
20006b). We analysed the logfiles of the software revealing that learners spent 27.94 h of total learn-
ing time on average (SD =14.42). It is important to note that the software automatically logs out
after longer periods of inactivity and learning time is defined as the time difference between learn-
ing onset and last activity before logout. Hence, the total learning time measurement does not in-
corporate large periods of absence.

Achievement-motivated learning behaviour: Objective data
We measured achievement-motivated behaviour by using objective logfile data of the intelligent tutoring

system CoTutor (Siebert & Janson, 2018). More precisely, we individually aggregated students' learning time
per day (in minutes) as an objective indicator to measure achievement-motivated learning behaviour.
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Delay: Objective data

Delay was assessed in terms of days until the examination. We also used logfile data from CoTutor
(Siebert & Janson, 2018) to calculate the days until the examination objectively.

Achievement motivation in terms of expectancy and value beliefs: Self-reports

We assessed the expectancy-value components as well as the sensitivity to delay once using self-reports
when learners first logged into the intelligent tutoring system. To measure university students' expec-
tancy and value beliefs, we used the MoVE Scale (Motivation: Value and Expectancy Scale; Schnettler
etal., 2020). The scale comprises one subscale for learners' expectancies for success of three items which
are based on three items from Kosovich et al.'s study (2015) that Fleischer et al. (2019) translated into
German. Congruent with the TMT, our measure did not include negative value components (effort,
emotional, and opportunity costs; Eccles et al., 1983; Flake et al., 2015), but only items on the positive
value components. The MoVE scale comprises 15 items for assessing intrinsic value, attainment value
and utility value (by further differentiating attainment and utility value in two subscales each) which
we combined into an average score. We asked the participants to answer the three items measuring
expectancies for success and the 15 items measuring the positive value components with respect to
the statistics course participants were attending. Participants answered all items on a Likert-scale with
answer options ranging from 1 (szrongly disagree) to 6 (strongly agree). The items of the scale are printed in
the Data S1.

Sensitivity to delay: Self-reports

We collected participants' self-control capacities as measurement of sensitivity to delay with a German
translation of the short version of the Self-Control-Scale (SCS-KD; Bertrams & Dickhduser, 2009;
Tangney et al., 2004). Steel (2007) suggested self-control as a central variable that corresponds to the
sensitivity to delay factor within his formula. The scale includes 13 items measuring this sensitivity to
delay with statements like “I am good at resisting temptation” or “Pleasure and fun sometimes keep me
from getting work done” and participants were asked to answer them on a Likert-scale with the end-
points ranging from 1 (not at all) to 5 (very nuch).

Achievement motivation: Combining self-reports and objective data

The final measure of students' achievement motivation according to TMT was calculated via the afore-
mentioned formula. We standardized expectancy for success, positive value components, and self-
control as well as days until examination. We used Z-standardization (M =100, SD=10) to prevent
negative terms and divided the multiplicated expectancy-value term by the self-control and days until
examination product.

Data analyses

We conducted multilevel regression analyses to evaluate the predictive power of the TMT on par-
ticipants' learning activities with the lme4 package (Bates et al., 2014) in R using ML estimation.
Achievement-motivated learning behaviour in terms of learning time per day (in Minutes) served as the
dependent variable (level 1, L1). Of note is that we coded no learning activities as 0 in our dataset on
days after initial learning onset. No learning activities before an individual's learning onset were treated
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as missing data. This way we consider presence and absence of learning behaviour after initial learning
onset. Taken together, we predicted learning time per day (L.1) using the TMT score of individuals at
this day (L.1), which reflects changes in time till examination (1) as well as interindividual differences
in expectancies, values, and self-control (I.2). Hence, in subsequent analyses of the effects of the single
components we compare effects of L1 and L2 predictors as well as cross-level-interactions. We did not
impute any missing data. We standardized all variables before entering the models. We reran the analy-
ses with unstandardized variables (cf. Moeller, 2015) as well as using robust regression models to test
the robustness of our results. Those additional models were presented in the Data S1 as results did not
differ substantially.

RESULTS

In Table 1, we present descriptive statistics, internal consistencies and bivariate correlations of all vari-
ables. Furthermore, we depict aggregated learning time per day in Figure 3. A visual inspection reveals
a cramming curve with intensified learning activities close to the examination date. However, other
significant events during the semester are observable on a descriptive level as can be seen in slightly
higher learning activities close to the mock examination or much lower total learning time on the day
of the departments' pre-Christmas party. Overall, we captured 2351 observed learning days of our 127
participants in total, of which 1753 took place after the pre-Christmas partyl. As the study onset varied
between participants, we checked whether a later assessment date of the initial questionnaire (expectan-
cies for success, positive value components, and self-control) was systematically associated with the
self-report measures, but only found non-significant tendencies for expectancy (r=.14, p=.11), a com-
posite value score (r=—.15, p=.10), and self-control (r=—.17, p=.006).

Main analyses

All regression estimates and model criteria can be seen in Table 2. Inlight of the skewed distribution of
the dependent variable, we also included additional robustness checks with a transformed dependent
variable and robust models, which also provided convergent support of our finding (see Data S1). To
test our first hypothesis regarding the predictive validity of the TMT score (comprising expectancy,
value, sensitivity to delay, and delay) for achievement-motivated behaviour, we investigated whether
higher total learning time per day (indicative of motivated learning behaviour) is predicted by higher
compound scores. Therefore, we entered a compound score indicative of achievement motivation
built upon the formula stated by the TMT as the level 1 predictor. To achieve the score, we scaled
all contributing variables, resulting in a score that had a constant interpersonal (L.2) component and
the situative time component (L1). In support of our hypothesis, the result indicates that the TMT

TABLE 1 Descriptive statistics, internal consistencies and bivariate correlations between components of the TMT.

Variable M SD Skewness 1 2 3

1. Expectancy beliefs 4.70 .87 —41 (.85)

2. Value beliefs 4.32 1.00 —.34 A0k (.95)

3. Self-control 3.14 .61 -.23 12 .07 (.84)

4. Total learning time (in minutes) 1676.22 865.11 .78 .00 .04 DG

Note: Internal consistencies (McDonald's omega) in brackets.

Hoxkp < 01,

'Tn the electronic supplement, we provide an analysis only including learning activities after the pre-Christmas party which provided
convergent findings.

cy) SUORIPUCD PUe SWLB L 3U 885 *[yZ0Z/TT/ET] U0 ARIGIT BUIIUO AB1IM RUIOIIAICS LagISIAIUN AQ ZT.ZT dela/TTTT 0T/I0p/u0o 8| 1w Asiqi Ul iU anuyaAsdsday sy woay pepeojumod ‘v ‘720z '6.28702

fa 1M

-pue:

35US01 SUOWILLIOD 3AIES.1D 3|cedt|dde au Ag pauenof ake Sajoilie YO ‘8sn JO 3| 1oy AReiqi]auliuo A3|1IM uo



1200 JANSON ET AL.
o o
o
= o o° °
—_ Oo T
5 S ° © 8 g 0 o,
> % o o) o o
= TT
e Ie) Te0 1,
c 8 [¢] 8 o :TO [
s 8 r O )4 o. ©° TTIITT:::
£ o oal 118 0|00 %o a8ttt
= o I T V! |
2§ °E8g:g:i TR RAEHILELS
g ° | ISR ERE! T:.,:::,l:,T:::
O o : :" BT | '
] iy Al
EB& HEH Bg QQH HH H O
o Q g E 1 1.15 i 11E311111lxllillllllllilllill
TTTTTTTTTT T T T T T T T I T T T I T T T T T T T T T TTTI T T TTITTITTTT T T
10/22/22  10/30/22  11/07/22  11/15/22  11/23/22  12/01/22  12/09/22
date
FIGURE 3 Aggregated learning time over the course of one semester. Vertical lines highlight events during the

semester: Mock examination on 11/10/22; pre-Christmas party on 11/14/22.

TABLE 2
system.

Level 1 (day level)
TMT composite score

Days till examination

Days till examination
(2nd polynom)

Level 2 (person level)
Expectancy beliefs
Value beliefs
Self-control

Cross-level-interactions

Expectancy beliefs: Days

till examination

Value beliefs: Days till

examination

Self-control: Days till
examination

Constant
Observations
Akaike Inf. Crit.

Bayesian Inf. Crit.

TMT

Est. (SE)

336%+* (.033)

005 (.046)
2351
6490.39
6513.44

Main-
effects

Est. (SE)

(020)

-.002 (037)
—.013 (.036)
033 (.034)

009 (.033)
2351
6379.87
6420.21

Interactions

Est. (SE)

—.278%% (.020)

-.001 (037)
—.014 (036)
032 (.033)

007 (021)

-.006 (.022)

-.021 (.020)

011 (.033)
2351

6384.638
6442.264

Delay linear

Est. (SE)

—. 277 (,020)

.008 (.033)
2351
6374.966
6398.016

Multilevel linear regression of learning time per day on achievement-motivation in an intelligent tutoring

Delay
curvilinear

Est. (SE)

(068)

333k
(068)

006 (.033)
2351
6352.954
6381.767

Note. Learning time per day served as dependent variable. All variables were standardized before entering the analyses. The TMT composite

score is a compound score using the formula proposed by the temporal motivation theory: TMT = Expectancy X Value/(Self-control X days till

examination).

*p< 15 < 055 #p< .01
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score was predictive of students' achievement-motivated learning behaviour in terms of learning
time per day.

To test our second hypothesis regarding the prediction of subcomponents of the TMT formula for
total learning time per day, we included the components of the TMT separately resulting in three 1.2
variables, (expectancy, composite value, and self-control) and the L1 indicator of days until examina-
tion as predictors of total learning time per day. Out of the four variables, only days until examination
was a significant predictor of learning time, indicating on average 22minutes higher learning time for
every next day. In a third model, we entered interaction terms of the .2 components with the temporal
factor, also not revealing any significant effects beyond the temporal effect. Finally, we solely entered
the expectancy-value perspective, revealing a slight, albeit non-significant, tendency of an interaction
between expectancy and value on learning time using one-tailed testing. Taken together, our second
hypothesis was only partly supported as days until examination (indicative of delay) was the only signif-
icant predictor of achievement-motivated behaviour.

Post hoc analyses

To analyse the nature of the cramming curve, we compared regression models using polynomial trends
for the temporal indicators for both datasets. While days until examination as a linear predictor was a
significant sole predictor for both datasets (f=—.28, p<.001), the predictive power after adding a 2nd
polynomial parameter was slightly higher (B, ... jonq= 2% 2<.001, B,_, polynom — 335 2 <.001). This
indicated that delay is not only a linear predictor of achievement-motivated behaviour, but also that
learning activities intensify as the examination deadline approaches. Complete regression models are
included in the Data S1.

DISCUSSION

Although achievement motivation plays a central role in predicting academic achievement over the
course of studies, contemporary motivation theories mostly lack the integration of a temporal per-
spective. This is addressed by Temporal Motivation Theory which combines central components of
expectancy-value theory (Eccles et al., 1983) with a temporal perspective (Steel & Konig, 20006) in a
formalized manner. With the present study, we aimed to evaluate the predictive power of the proposi-
tions stated by the Temporal Motivation Theory (TMT; Steel, 2007; Steel & Konig, 2006) on motivated
learning behaviour in self-regulated achievement settings.

An important strength of the current study is that we used a combination of objective and subjective
data to test the TMT formula in a concrete learning situation compared to solely relying on self-reports
or distal outcomes of achievement-motivated behaviours like handing in assignments (Steel et al., 2018).
While one has to keep in mind, that behaviour is not only dependent on motivation but also volition
(Heckhausen & Gollwitzer, 1987), this approach enabled us to test the significance of every single
component of the formula as well as their combined influence on achievement-motivated learning
behaviour as a proximal outcome. Using the logfile data of an intelligent tutoring system additionally
provides insights into actual learning behaviour. In this way, all assumptions made by TMT could be
tested in a systematic manner.

Our hypotheses could partly be confirmed. The compound score indicative of achievement motiva-
tion was predictive of achievement-motivated learning behaviour (hypothesis 1). Out of the single com-
ponents of the TMT, only the temporal indicator was a significant predictor for learning time in most
models. But does that mean that only time matters for achievement-motivated learning behaviour—and
nothing else? Several considerations must be made for answering this question:

The TMT makes strictly formalized propositions regarding achievement motivation, with four key
factors influencing achievement motivation: Expectancy, value, sensitivity to delay and delay. However,
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our results might indicate that not all components of the formula are at the same time and situation
as important for achievement-motivated learning behaviour. This contrasts with earlier findings that
indicated empirical support for the propositions of TMT. However, these are based on research that
mostly focused on academic procrastination which was treated as an inversed outcome of achievement-
motivated behaviour (Steel, 2007; Steel et al., 2018; Steel & Klingsieck, 2016). Thus, our study con-
sidered students' actual learning activities as behavioural expressions of achievement motivation to
investigate the other endpoint of this behavioural continuum.

Another challenge in evaluating the TMT is the not clearly defined operationalization of the
components. As already mentioned, Steel (2007) states that sensitivity to delay is linked to se/f
control, but also to constructs like distractibility and impulsiveness (Ainslie, 1975; Madden et al., 1997;
Ostaszewski, 1996, 1997; Petry, 2001; Richards et al., 1999). For the value component, Steel (2007)
claimed zask aversiveness as the most proximal construct, which reflects the opposite of intrinsic value
conceptualization by expectancy-value theory (Eccles et al., 1983; Eccles & Wigfield, 2020), but also
need for achievement and boredom proneness. This way of conceptualizing the components of the TMT
makes it difficult to empirically test the core of the theory as well as compare empirical findings of
different studies evaluating TMT. Moreover, the TMT does not incorporate negative value compo-
nents like effort, emotional, and opportunity costs (Eccles et al., 1983; Flake et al., 2015). In our
present work, we strictly followed the TMT propositions. However, as negative value components
are also important drivers of learners' achievement motivation (Jiang et al., 2018), future research
should take these components into account.

From our point of view, the most crucial aspect is that the statistical power of the level 1 variable
measuring delay (intraindividual level) was much stronger than the interpersonal assessments of the
other components (expectancy, value, sensitivity for delay) on level 2. Hence, it might not surprise
that we were able to identify a prediction of learning activities following the cramming curve (Capelle
et al., 2022). However, the TMT does not propose any state assessment of expectancy, value and sen-
sitivity to delay and explicitly states the delay as the situational account in the formula. Nevertheless, it
seems not justified to conclude from our findings that interindividual differences are not meaningful
to explain differences in actual learning behaviour. Our analyses revealed some tendencies replicat-
ing the multiplicative expectancy-value propositions (Eccles et al., 1983; Nagengast et al., 2011; Perez
et al., 2019). The present research treated the assessed constructs, in line with the TMT, as stable con-
structs. However, recent research on achievement motivation has switched the focus towards taking
different motivational states into account (Dietrich et al., 2022; Moeller et al., 2022), also leading to new
perspectives in the development of the expectancy-value theory (Wigfield & Eccles, 2000) towards the
situated expectancy-value theory (Eccles & Wigfield, 2020, 2023), which clearly distinguishes trait and
state components of achievement motivation. We also suggest distinguishing trait and state compo-
nents of expectancies, values, and sensitivity to delay. As ongoing developments of the TMT are taking
place to make the theory more dynamic (Dishop, 2020), we would recommend differentiating state and
trait assumptions of the TMT further by integrating the theory into the SEVT framework (Eccles &
Wigfield, 2020, 2023).

An integration of temporal motivation theory into the situated expectancy-value
framework

To best of our knowledge, achievement motivation research on the one hand makes no clear predictions
regarding temporal effects in the SEVT (Eccles & Wigfield, 2020, 2023), like the effects of strict dead-
lines like upcoming examinations which are a major driver in learners' self-regulated learning activities
(Capelle et al., 2022). On the other hand, the current state of research also lacks empirical work on the
predictive validity of the TMT on actual self-regulated learning behaviour, e.g., in terms of the observed
time spent studying. From our perspective, SEVT and TMT are not mutually exclusive, as they share
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a common theoretical framework based on interindividual differences of expectancies and values as
well as intraindividual factors shaping achievement motivation. In contrast, we suggest integrating the
strong formalized approach towards time into the TMT into the SEVT framework. Hence, future stud-
ies should validate the TMT (Steel, 2007; Steel & Konig, 20006) in the context of achievement-related
behaviour to expand our knowledge of temporal factors driving achievement motivation, which leads
to a better understanding and stronger formalization of the situational components stated in the SEVT
(Eccles & Wigfield, 2020, 2023).

Hence, we suggest that a more dynamic approach to the TMT is necessary (cf. Dishop, 2020), not
only taking temporal distance as intrapersonal variable component. Integrating the TMT into the sit-
uated expectancy-value theory (Eccles & Wigfield, 2023), the TMT should be extended as follows by
adding an index 7 for the current point in time to every single component:

Expectancy, X Value,

Achievement Motivation, = —
Sensitivity to delay, X Delay,

This Situated Temporal Motivation Theory (STMT) might improve researchers' efforts in explaining learn-
ers' achievement motivation and provide a useful extension to the SEVT framework with a closer look
on temporal aspects, i.e. upcoming examinations or deadlines for assignments. We want to highlight
that it is crucial to also include negative value components (Jiang et al., 2018) to further integrate our
proposed STMT into the SEVT framework.

Moreover, it is important to consider the very formalized character of the (SYTMT. Other approaches
towards achievement motivation exist, which have a broader perspective on the interplay of achieve-
ment motivation-related constructs (like the SEVT, Eccles & Wigfield, 2020). These require other
methodological approaches like profile analyses or machine learning approaches. However, strongly
formalized approaches like the presented ones are more parsimonious, easily testable and provide deriv-
able implications for practitioners.

Limitations

The present research comes with limitations inherent to the chosen design. We were solely able to ob-
serve learning behaviour within the software in terms of learning persistence (Janson et al., 2022, 2023)
and are not able to make holistic considerations about the learners' overall achievement motivation. A
student could for example purposefully and rationally postpone learning activities within the software
(i.e., strategic delay; Klingsieck et al., 2012) and use traditional learning materials upfront. Therefore,
our measured delay in terms of days until the examination could also be inferred with rather elaborative
learning strategies, which are not maladaptive. Moreover, learning behaviour depends on motivation
and volition. Future research on our proposed STMT might therefore either try to assess achievement
motivation directly or also control for volitional differences.

A second limitation comes with the assessment of the expectancy-value components. As described,
we investigated first-semester psychology students. Their self-efficacy beliefs as well as the perceived
values of preparing for a statistic examination might not be as realistic and mature as supposed. On the
other hand, it should be noted that the learning software was presented to the students after some initial
weeks of getting familiar with the respective subject. However, using this initial assessment of students'
expectancy and value beliefs, we approach the causal chain by assessing the predictors first. Also, we
want to highlight that due to the study design, the assessment of the self-reports happened on the first
day the students used the software and was thus not taking place at the same time for all students.
Although we did not find significant associations of the assessment date and our self-report scales, we
observed that the reported self-control of the participants was reduced the later they used the learning
software for the first time.
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CONCLUSION

Taken together, the present study found empiric support for the predictive validity of the prominent
Temporal Motivation Theory (TMT; Steel, 2007; Steel & Koénig, 2000) on achievement-motivated learn-
ing behaviour. With the usage of learning data from an e-learning system we extend the literature by
providing objective data. Our results highlight the strong importance of situative aspects of achieve-
ment motivation, and more specifically the crucial role of temporal landmarks (Capelle et al., 2022).
Despite the general effectiveness of intelligent tutoring systems (Mousavinasab et al., 2021), our re-
search once again underlines the dependency of such tools on self-regulatory capacities and the need to
develop design features supporting learners' self-regulation.

To better understand differences in achievement motivation and their impact on self-regulation,
we strongly recommend considering the current theoretical developments regarding the inclusion of
situative measures of achievement motivation to the TMT framework (Dietrich et al., 2022; Moeller
et al., 2022), thereby expanding the theory to match the current advances in achievement motivation
theory. This way, our proposed situated TM'T (STMT) can be embedded in current research on situated
expectancy-value theory (Eccles & Wigfield, 2020, 2023).
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