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Abstract

Within-person research has become increasingly popular over recent years in the field of organizational studies for its unique
theoretical and methodological advantages for studying dynamic intrapersonal processes (e.g., Dalal et al., Journal of Manage-
ment 40:1396-1436, 2014; McCormick et al., Journal of Management 46:321-350, 2020). Despite the advancements, there
remain serious challenges for many organizational researchers to fully appreciate and appropriately implement within-person
research—more specifically, to correctly conceptualize and compute the within-person measurement reliability, as well as
navigate key within-person research design factors (e.g., number of measurement occasions, 7; number of participants, N;
and scale length, /) to optimize within-person reliability. By conducting a comprehensive Monte Carlo simulation with 3240
data conditions, we offer a practical guideline table showing the expected within-person reliability as a function of key design
factors. In addition, we provide three easy-to-use, free R Shiny web applications for within-person researchers to conveniently
(a) compute expected within-person reliability based on their customized research design, (b) compute observed validity
based on the expected reliability and hypothesized within-person validity, and (c) compute observed within-person (as well
as between-person) reliability from collected within-person research datasets. We hope these much-needed evidence-based
guidelines and practical tools will help enhance within-person research in organizational studies.

Keywords Within-person research - Level-specific alpha - Reliability - R shiny web application - Validity

As the focus of organizational research shifts toward
dynamic, intrapersonal processes of organizational phe-
nomena that unfold over time, within-person research has
increased substantially in recent years (C. Fisher & To,

2012; Gabriel et al., 2019). Within-person research refers to
studies that use repeated measures of focal phenomena and
examine the intrapersonal variability of the phenomena and/
or the dynamic relations among these phenomena over time.
For example, within-person research is able to study how an
employee’s increased positive mood enhances their job per-
formance over time, and to examine how a new employee’s
teamwork skills change in their first year of tenure. Such
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research typically utilizes repeated measures or trials during
an experimental study in a lab or a survey study in a field
setting, using methods like experience sampling methods
(e.g., multiple surveys within 1 workweek). As such, within-
person research differs from between-person research that is
most commonly done in organizational research and focuses
on the variation among individuals, such as studying how
between-person differences relate to each other at a single
time point or across few time points.

Notably, there are both theoretical and methodological
advantages of within-person research over between-person
research (Dalal et al., 2014; Gabriel et al., 2019; McCor-
mick et al., 2020). Theoretically, a significant advantage

@ Springer


http://orcid.org/0000-0002-3910-0653
http://crossmark.crossref.org/dialog/?doi=10.1007/s10869-022-09803-5&domain=pdf

Journal of Business and Psychology

of within-person research is the capacity to investigate the
dynamic processes through which a focal phenomenon
unfolds and relates to another phenomenon over time.
Insights from such investigations afford possibilities to
challenge existing theories that were developed based on
between-person research and further build new theories that
are focused on dynamic intrapersonal processes and tempo-
ral contributions. For example, examining why and how new
employees’ task performance fluctuates more during their
first year of job tenure relative to subsequent years makes
novel theoretical contributions to the job performance lit-
erature. Methodologically, repeated measurements of focal
phenomena better capture the manifestation of the phenom-
ena over a specified time period, minimizing recall biases
that are more prevalent in between-person research using
a single measurement (Beal & Weiss, 2003; Robinson &
Clore, 2002).

Despite such appealing advantages, there remain sig-
nificant challenges for many organizational researchers to
fully appreciate and appropriately implement within-person
research. More specifically, one of the most important chal-
lenges involves (a) how to correctly conceptualize and com-
pute the within-person measurement reliability and (b) how
to optimize such reliability through appropriate within-per-
son research design. We believe this challenge is largely due
to two reasons. First, within-person research methods are
often missing in typical research methods textbooks or grad-
uate training curricula in the fields of organizational studies,
leading to an incomplete or non-systematic understanding of
the conceptualization and computation of within-person reli-
ability. Relatedly, there has also been a lack of clear guide-
lines for within-person research design in the literature that
can practically help organizational researchers navigate key
research design factors (e.g., scale length, number of meas-
urement occasions, number of participants) in order to opti-
mize within-person reliability and ultimately maximize their
research validity. Second, there lack practical, user-friendly,
and analytical tools that facilitate the computation of within-
person reliability, as such tools are not readily available in
popular statistical packages, such as SPSS, Stata, SAS, or R.

With these obstacles in mind, we conduct this study
intending to achieve four goals. First, we elaborate on the
concept of within-person reliability, demystifying miscon-
ceptions and discussing the potential impact of various
research design factors on this reliability. Second, using
Monte Carlo simulations, we systematically examine how
representative within-person research design factors—the
number of measurement occasions, sample size, and scale
length—along with an important psychometric property
(e.g., item factor loading) collectively impact within-person
reliability. Third, based on the simulation results, we pro-
vide practical guideline tables to help researchers from many
research areas make informed decisions on within-person
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research designs to optimize within-person reliability.
Fourth, we develop R shiny web applications' to facilitate
easy computation of the expected within-person reliability
based on a researcher’s customized planned research design
and the observed within-person reliability after collecting
within-person research data.

Within-Person Research

Within-person research in psychological and organizational
research utilizes a variety of methods, including experience
sampling methods (ESM; i.e., diary methods or ecological
momentary assessments), longitudinal methods with three
or more time points and longer intervals than in ESM, and
experimental methods with three or more repeated measure-
ments. ESM includes time-based designs, such as interval-
based designs (e.g., a survey is administered at the end of
each workday for 2 consecutive workweeks) and event-based
designs (e.g., employees fill out a survey whenever a tar-
get event like a conflict with a customer occurs). ESM has
advantages to capturing experiences and examining pro-
cesses as they occur in situ (Beal, 2015; C. Fisher & To,
2012; Gabriel et al., 2019) and it has become increasingly
popular over the past two decades in organizational research.
Longitudinal methods with three or more time points and
a longer time interval than that in ESM (e.g., 1 month or
6 months) have been strongly recommended to examine
research questions focused on the change in organizational
phenomena in the field settings (Ployhart & Vandenberg,
2010; Zapf et al., 1996). Experimental methods with three
or more repeated measurements in the laboratory or field
settings have been deemed to afford strong causal inference
in relationships between organizational phenomena (Shad-
ish et al., 2002).

Compared to the between-person approach, within-person
organizational research possesses numerous scientific advan-
tages. Theoretically, within-person organizational research
is advantageous to addressing temporally focused research
questions, such as how newcomers’ task performance fluc-
tuates during their first year of job tenure, and how their
involvement in an ongoing mentoring program accounts
for their fluctuation in performance levels. Addressing such
temporally intensive questions advances understanding of
the dynamic processes that shape employees’ task perfor-
mance during their early job tenure and further informs the
development of within-person theory that is distinct from
theories developed based on between-person research (Dalal

! The R shiny web applications are available through URL https:/
psychmethods.shinyapps.io/WithinPersonResearch or https:/tinyurl.
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et al., 2014; Ployhart & Vandenberg, 2010). For example,
it is likely that new employees tend to have less fluctuation
in performance during their first year of tenure when the
quality of their relationship with a mentor is higher, mainly
because the mentoring relationship offers a source of emo-
tional and instrumental support that play pivotal roles in
these new employees’ adjustment to new job roles, through
processes like managing their anxiety and boosting their
self-efficacy under situations of learning new and challeng-
ing job tasks (e.g., Ellis et al., 2015). Therefore, such evi-
dence from within-person research may point to the need to
integrate the tenets of negative feedback loops with those
of broaden-and-build theory (see Dalal et al., 2014, for a
review of performance theories) to understand how and why
a workplace mentoring program benefits new employees’
task performance over time.

Methodologically, within-person organizational research
is advantageous in multiple ways (Beal, 2015; Gabriel et al.,
2019). First, such research designs enhance confidence in
causal inference about intrapersonal change, especially
among studies using experimental designs with multiple
measurements and those using longitudinal methods with
three or more time points that allow explicit modeling of
change (e.g., using latent change score modeling or latent
growth modeling; Ferrer & McArdle, 2010; Ployhart &
Vandenberg, 2010). Second, within-person research reduces
common method variance or biases, through approaches like
separating the measurements of predictors and outcomes
and removing same-source biases (e.g., self-reports of all
variables) via person-mean centering during within-person
analyses. Additionally, within-person research reduces recall
biases in survey responses, through the usage of shorter
timeframes in survey instructions (e.g., today, this week)
that allow participants to recall more recent episodic experi-
ences as opposed to semantic knowledge about their general
experiences (Beal, 2015; Robinson & Clore, 2002).

Within-Person Reliability

Despite the many appealing advantages of within-person
research in organizational studies, there remain serious
challenges for organizational researchers to fully appreci-
ate and appropriately implement this method, one of which
is within-person reliability. Specifically, misconceptions
regarding within-person reliability still prevail in the com-
munity, knowledge about how different aspects of within-
person research design impact within-person reliability is
still lacking, and easy-to-use analytical tools to compute
within-person reliability are missing. In the following sec-
tions, we focus on addressing these compelling issues.

In general, measurement reliability concerns the extent
to which a measurement scale or test consistently measures

the underlying construct of a focal phenomenon despite
the random errors rooted in test-related, occasion-related,
and personal factors. From the classic test theory (CTT;
Allen & Yen, 1979) perspective, reliability is conceptual-
ized as the ratio of the variance of true scores (standings
in the underlying construct) to the variance of observed/
test scores. Extending the CTT reliability conceptualiza-
tion to the multilevel setting of within-person research,
we define level-specific reliability—namely between- and
within-person reliability—as the ratio of true score vari-
ance to observed score variance at the between-person and
within-person levels, respectively (Geldhof et al., 2014). As
such, within-person and between-person reliabilities repre-
sent reliability in measuring between-person differences and
within-person variability of a focal phenomenon. We believe
this level-specific reliability is the most applicable to within-
person research focused on episodic variance or variance of
shorter-term states across time. Such research is most con-
cerned with questions about antecedents and consequences
of dynamic phenomena and/or the relations between these
dynamic phenomena, such as the relation between daily time
pressure at work and employee burnout over time or whether
participation in a peer-based workplace wellness program
accounts for less daily fluctuation in burnout.

With respect to level-specific reliability, unfortunately,
there remain serious challenges due to incomplete under-
standing and misconceptions of what it is and how it is rel-
evant to within-person research. Such challenges account
for the improper practices of calculating and reporting level-
specific reliability, in particular, within-person reliability
(Gabriel et al., 2019; Ohly et al., 2010), which can often lead
to inaccurate and misleading conclusions in within-person
research (Curran & Bauer, 2011; Geldhof et al., 2014). In
this section, we will first discuss and demystify common
misconceptions related to within-person reliability. Then,
we will elaborate on research design factors that are critical
for within-person reliability and address how to optimize
within-person reliability through appropriate within-person
research designs.

Common Misconceptions About Reliability
in Within-Person Research

To better illustrate various misconceptions related to the reli-
ability in within-person research, we will use two hypotheti-
cal research studies as examples. The first study is assumed
to examine how both environmental and personal factors
influence employees’ daily fluctuations in work engagement
levels, and we assume the researcher recruited 60 employees
to fill out a daily diary survey for 10 days during 2 work-
weeks, thus obtaining 600 data points or observations. In
the second hypothetical study, researchers recruited 100
newly promoted leaders across multiple organizations to fill
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out three surveys during their first 3 months of promotion,
to examine how their leadership skills fluctuate and what
organizational initiatives (e.g., diversity training) influence
their skill fluctuation.

Misconception #1: There Is Only One Level of Reliability
for a Measure

A common misconception in the within-person research lit-
erature is that there is only one level of reliability for a meas-
ure. Accordingly, it is the gold standard to report the overall
reliability of all observations (i.e., single-level reliability).
This misconception partially stems from the common prac-
tice in the between-person research literature where only a
single reliability index calculated from all observations is
reported. In the context of the first hypothetical example
illustrated above, all 600 observations are used to compute a
single estimate of & for the work engagement measure. How-
ever, this approach to conceptualize and calculate reliabil-
ity is problematic (see Nezlek, 2017, for a detailed review),
as it mixes the variabilities of item scores that originate
from both between-person differences and within-person
changes/fluctuations, thus ignoring the multilevel nature of
the data. In addition, previous research indicates that single-
level reliability is generally more biased than level-specific
reliabilities (Geldhof et al., 2014). Indeed, as illustrated in
Eq. 1 below for reliability a, the single-level reliability is a
weighted average of the within-person level reliability (i.e.,
a,,) and between-person level reliability (i.e., ;).

& = picc®y + (1 - /’lcc)“w (1

where p,qc is the intra-class correlation, ICC(1), defined
as the ratio of between-person variance to total test score
variance, or the nesting/clustering effect (Raudenbush et al.,
1991). If the test score reliability is different across the two
levels—which is typical for within-person research (e.g.,
Bakker et al., 2015; Brose et al., 2015), the single-level reli-
ability reflects neither within- or between-level reliability.

Misconception #2: Reporting an Averaged Reliability Across
Time Points Is Just Fine

Another common misconception in the within-person
research literature is that reporting an averaged reliability
across all time points is just fine. Owing to this misconcep-
tion, researchers calculate a reliability for each time point;
thus, multiple reliabilities are calculated and reported. In the
context of the first hypothetical example, researchers may
calculate an « for each day and then compute and report the
mean of 10 a’s, hoping to represent the measurement reli-
ability of dynamic engagement levels. Conceptually, aver-
aged reliability is equivalent to single-level reliability, when
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data meet the assumption that test reliability is equal across
time points. However, as argued by Nezlek and others (C.
Fisher & To, 2012; Nezlek, 2017), this averaged reliability
approach—similar to single-level reliability—also mixes
the variabilities of item scores that originated from both
between-person differences and within-person fluctuations
and thus also ignores the multilevel nature of the data.

Ignoring the multilevel nature of the data, using a sin-
gle-level or averaged reliability, is consequential in within-
person research, as it leads to biased reliability estimates
and even misleading study conclusions under many cir-
cumstances (Curran & Bauer, 2011; Geldhof et al., 2014,
Nezlek, 2017). For example, in cases where between-level
reliability is much higher than within-person reliability
(e.g., 0.90 versus 0.60) for within-person research like the
work engagement study, the single-level or averaged reli-
ability (i.e., approximately 0.76, assuming ICC(1) =0.54 as
reported in the review by McCormick et al., 2020) innevi-
tably overestimates the within-person reliability, leading
researchers to conclude that their study had reliable meas-
urements to address within-person research questions. Yet,
the relatively low within-person reliability may be a factor
attenuating focal effect sizes and, in turn, limiting the sta-
tistical power of their study (Spearman, 1904; Winstrom,
2009), which partially accounts for the non-significant find-
ings on focal within-person or cross-level relations—an
erroneous conclusion.

Misconception #3: Increasing the Number of Time Points Is
Optimal to Reliability

Still, many within-person researchers may mistakenly
believe that increasing the number of time points is opti-
mal to measurement reliability in within-person research.
Although there are often conceptual advantages for within-
person research to have more measurement time points (e.g.,
to generalize findings on dynamic relationships based on
more frequent sampling of time/experiences), having more
time points is not necessarily optimal for within-person reli-
abilities. The key idea behind the reliability of the within-
person measures, such as leadership skills among newly
promoted leaders, lies in the ratio of true variability (vari-
ability of true scores or the underlying skills) to noise lev-
els (measurement errors) across multiple time points, such
that a higher ratio corresponds to a higher within-person
measurement reliability—ratio of true variability to total
test score variability (Allen & Yen, 1979; Geldhof et al.,
2014). Having a larger number of time points broadens the
sampling of time but does not guarantee a higher ratio of
true variability to noise levels. Using the aforementioned
leadership study as an example, it is likely that having the
new leaders complete six surveys (vs. three surveys) during
the first 3 months of their leadership tenure might introduce
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more noise in their responses yet not necessarily increase the
true variability in the leadership skills, because participants
are too overwhelmed by the new role to fill out this many
surveys carefully.

Misconception #4: Shorter Scales Can Always Measure
Within-Level Phenomena Reliably

Yet, another misconception in within-person research is that
shorter scales work well in reliably measuring phenomena
that fluctuate. This misconception partially stems from the
common practice of using shorter scales in within-person
research, in line with the argument and effort to reduce sur-
vey fatigue in repeated surveys of employees for organiza-
tional within-person research, particularly ESM research
(C. Fisher & To, 2012; Gabriel et al., 2019; Ohly et al.,
2010). Owing to this misconception, it has been common for
researchers to use shorter scales or shorten existing longer
scales in within-person organizational research (Gabriel
et al., 2019; Ohly et al., 2010), such as using a short leader-
ship skill scale in the example leadership study in order to
reduce these new leaders’ survey fatigue and increase their
response rate. Conceptually, we may infer that shorter scales
used to measure within-person fluctuations of leadership
skills may have lower reliabilities than their longer-version
counterparts, due to the more significantly reduced vari-
ability of true scores reflecting the underlying skills (e.g.,
as indicated by the more significantly reduced shared vari-
ability or covariances between fewer items) relative to the
reduction in noise levels (item unique variances; Cronbach,
1951). Little empirical research has been completed, how-
ever, to examine the effect that scale length has on within-
person reliability of dynamic phenomena relative to other
design factors in informing research design.

Demystifying Within-Person Reliability

Within the broader reliability literature, research has devel-
oped the two most efficacious (least biased) methods for
operationalizing and computing level-specific reliability in
multilevel settings (Geldhof et al., 2014; Huang & Weng,
2012): level-specific @ and level-specific w. Conceptually,
these two level-specific reliability methods can be inte-
grated into the framework of multilevel confirmatory factor
analysis (MCFA), where « is a special case of w. Specifi-
cally, the @ method assumes essential tau equivalence across
items (equal true score variance or equal factor loadings),
whereas the w method assumes congeneric items (i.e., the
items are measurements of the same latent construct). In
the MCFA framework, between- and within-person a and
o coefficients are both derived from the item covariance
matrix at the between-person and within-person level,
respectively (Geldhof et al., 2014; McDonald, 1999). In

terms of computational approach, however, @ and @ coef-
ficients are somewhat distinct, in that @ captures the ratio of
true score variance to observed score variance more directly
using a model-based approach yet « is more sensitive to item
homogeneity by using a formula focused on the averaged
item covariance.

In the present research, we will focus on level-specific «,
for two reasons. First, evidence to date (e.g., Geldhof et al.,
2014) suggests that both level-specific « and level-specific
o methods are equally effective under multilevel settings,
in terms of estimating level-specific reliability with little
bias for unidimensional scales under a variety of research
conditions.? Second, since « is the reliability method that
psychologists and organizational scholars are most familiar
with (Cho, 2016; Cortina et al., 2020; Geldhof et al., 2014),
level-specific a (as an extension of single-level @ applied in
conventional between-person organizational research) can be
comprehended and accepted more easily than level-specific
o in the organizational research literature. Accordingly, we
will describe below how between-person and within-person
«a are defined and computed.

Level-Specifica

Extending the classic Cronbach’s «, an internal consistency
reliability (Cronbach, 1951), Geldhof et al. (2014) proposed
level-specific « that is appropriate for multilevel research,
including for within-person research. The level-specific a
method adapts Cronbach’s @ formula by using level-specific
variance components to compute between-person a and
within-person a (shown in Eq. 2),

1 2
(w))
O.
I ZT ( !

@, = 1- ) 2

I1-1 2
(o)

(w)

2

2 . o

where <6. ) and (¢ )" represent the variance of item i
l sum

and sum score at the within-person level, respectively, and
I is the number of items in a scale or scale length. In the
context of within-person organizational research, we argue

2 Qur research team also conducted a separate set of simulations
using realistic research design conditions based on the empirical
review of 103 unique organizational ESM studies published in 10
representative organizational research journals (e.g., scale length of
2-5 items, 10 vs. 25 measurement occasions, 60 vs. 90 vs. 120 partic-
ipants), to compare the averaged biases and root mean squared errors
(RMSE) of the alpha and omega reliability estimates relative to the
true reliabilities. We found that the alpha and omega methods were
equally efficacious in terms of having little biases and RMSE in esti-
mating within- and between-person reliabilities for unidimensional
scales.
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that within-person reliability is of utmost concern for the
following reason. The vast majority of temporal-focused
research questions addressed in within-person organizational
research are concerned with the intrapersonal processes
underlying focal phenomena over time (Dalal et al., 2014;
McCormick et al., 2020). Thus, assessing these processes
over time with reliable measures is a key prerequisite for the
validity of measuring these focal phenomena and for the
validity of establishing within-person theories focused on
the intrapersonal variability of these phenomena over time.
Indeed, Dalal and colleagues argued (2014) as follows: “The
theories of within-person performance variability we
reviewed previously would by definition be falsified... if the
within-person variability in observed performance scores is
attributable primarily to measurement error related to the
items in the instrument and/or the occasion of measurement”
(p. 1424).

Impact of Research Design Factors on Within-Person
Reliability

There are many factors to consider in designing within-per-
son research, including representative research design fac-
tors—the number of observations/time points, the number
of participants, and the number of items/scale length—and
psychometric property factors, such as the magnitude of item
factor loading. Although item factor loading is a key psy-
chometric property of a within-person scale, we also include
it as a design factor in the current study, especially under
situations where the researchers can obtain such informa-
tion (i.e., factor loadings) from the past literature or from
their own pilot data (e.g., validating a new or newly adapted
scale for within-person research), and take it into account in
research design.

First, the number of observations per person (i.e., 7) may
influence the intrapersonal variability of focal phenomena
(e.g., engagement levels). In the context of organizational
ESM research, cumulative evidence has shown that studies
with a higher number of measurement occasions reported a
higher percentage of within-person variance over the total
variance across variables like attitude and behavior (54%
for 11 or more occasions), relative to those with a lower
number of occasions (e.g., 43% for five or fewer occasions;
for a review, see McCormick et al., 2020). Relatedly, three
or more time points are recommended to capture any linear
or nonlinear trend or change of focal phenomena over time
(Ployhart & Vandenberg, 2010; Shadish et al., 2002). The
choice of the observation number is determined by both the
frequency of the measurement and the intended study length.
Both theoretical and practical considerations can go into this
decision. Theoretically, it may take longer for some phe-
nomena to manifest change than others; and practically, it
is more feasible to administer more surveys within a shorter
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time window for some study settings than for others. Given
a reasonable study length (e.g., 1 or a few months in total),
we contend that having a higher (vs. lower) number of meas-
urement occasions will increase (vs. decrease) the capacity
to detect meaningful and statistically significant within-
person variability and relations (Dalal et al., 2014; McCor-
mick et al., 2020). As discussed earlier in “Misconception
#3: Increasing the Number of Time Points Is Optimal to
Reliability,” however, empirical research is sorely needed
to systematically examine the impact of 7 on within-person
reliability.

Second, the number of participants (i.e., sample size,
or N) is another important factor to consider in designing
organizational within-person research. For within-person
research questions (e.g., within-person relations between
phenomena over time), a higher number of participants (V)
contribute to a higher total number of observations (i.e.,
N X T), which in turn reduces standard errors of the esti-
mates of within-person relations and increases statistical
power to detect the between-person boundary conditions
of within-person relations or cross-level interactions (Hox,
2002; Winstrom, 2009). Yet, it is not clear to what extent N
may impact within-person reliability.

Third, the scale length (i.e., number of items in a scale,
or I) is another critical research design factor to consider.
Due to the need for participants to complete multiple sur-
veys, having shorter scales in organizational within-person
research (especially ESM research) is a common practice,
with a goal to reduce survey fatigue and increase the qual-
ity and rate of participant responses (Beal, 2015; Gabriel
et al., 2019). Indeed, a recent review of organizational ESM
research indicated that the majority of the literature (56%
of the cases) utilized four or fewer items to measure a focal
construct (McCormick et al., 2020). As discussed earlier in
“Misconception #4: Shorter Scales Can Always Measure
Within-Level Phenomena Reliably,” conceptually, shorter
scales may have a lower within-person reliability. Yet,
empirical research is critically needed to examine the extent
to which scale length impacts within-person reliability, in
order to better inform within-person research design and to
guide common practices like shortening scales.

Fourth and lastly, the magnitude of item factor loadings
(i.e., 1) may play an important role in determining the mag-
nitude of within-person reliability. Conceptually, the size
of within- and between-person item factor loadings repre-
sents the extent to which each item captures the content of
the underlying phenomenon (e.g., leadership skills) at the
respective within- and between-person level. Thus, scales
with higher within- and between-person item factor loadings
tend to produce a higher within- and between-person relia-
bility, respectively (Geldhof et al., 2014). Unfortunately, few
published organizational within-person studies to date report
the item factor loadings of focal scales at the within- and
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between-person levels based on multilevel confirmatory
factor analyses (MCFA; Gabriel et al., 2019). As a result,
simulation research is sorely needed to empirically examine
how within-person factor loadings influence within-person
reliability, in order to inform within-person research design
and guide practices like shortening scales (e.g., efforts to
validate a shortened scale).

Navigating Research Design Factors to Optimize
Within-Person Reliability

To optimize within-person reliability, we need to consider
the trade-offs and feasibility in choosing the aforementioned
research design factors (i.e., T, N, I, and 1). Given the chal-
lenges described above (Gabriel et al., 2019), within- and
between-person item factor loadings were often neither cal-
culated nor reported in the existing literature; thus, it may
not be feasible to adjust the item factor loading while design-
ing organizational within-person research. Accordingly, we
will primarily focus on the trade-offs among the other three
design factors, while still including the item factor loading in
the simulation to examine the impact of each of four factors.
As discussed earlier, T, N, and [ are three key research
design factors that collectively influence the quality of esti-
mates of within-person and cross-level relations concerning
focal phenomena, and/or the statistical power to detect a
meaningful intrapersonal change and within-person rela-
tions. These factors can also independently and jointly influ-
ence the magnitude of within-person reliability and can be
strategically chosen to optimize reliability. Unfortunately,
to the best of our knowledge, there has been no empirical
research to examine the effects of 7, N and, I and on within-
person reliability in within-person research. Thus, our cur-
rent study is one of the first ones to systematically examine
how within-person research design factors, 7, N, and I—both
independently and interactively—impact within-person reli-
ability in within-person research, which is expected to offer
practical insights on within-person research design.

Research question: How shall we navigate within-
person research design factors (i.e., T, N, and I) to
optimize within-person reliability?

Method

We conducted a comprehensive Monte Carlo simulation
study to examine how the magnitude of the estimated
within-person reliability is impacted by three research
design factors: (a) the number of measurement occasions,
T; (b) the number of participants, N; and (c) scale length,
1. We examined each of these research design factors with
a wide range of possible values. Specifically, we set the

number of measurement occasions, 7, ranging from 3 to
30 occasions with 12 specifications: 3, 4, 5, 6, 7, 8, 9, 10,
15, 20, 25, and 30; set the sample size, N, ranging from 5
to 200 with 10 specifications: 5, 10, 15, 20, 25, 50, 75, 100,
150, and 200; and set scale length, I, ranging from 2 to 10
items with an increment of 1. In addition, we also manipu-
lated a psychometric property—the magnitude of the item
factor loadings, 4, to examine if and how the factor loading
might play a role beyond the three research design factors
examined in the study. Although item factor loadings at the
within-person level are typically unknown to researchers
beforehand, according to the past literature (e.g., Bakker
et al., 2015; Brose et al., 2015), 0.70 was a common value
for item factor loadings at the within-person levels. Thus, in
the simulation, we examined three levels of item factor load-
ing: 0.50, 0.70, and 0.90, corresponding to the low, medium,
and high levels. We set the loading the same for all items
at within- and between-person levels. We also set ICC(1) at
0.50, a typical ICC(1) based on the organizational ESM lit-
erature (McCormick et al., 2020). Finally, the data simulated
in this study are continuous data with a normal distribution.
Past research suggests that response data based on a Likert
scale of 5 points or higher, most commonly used in organiza-
tional research, could be treated as continuous with respect
to estimation quality (e.g., DiStefano, 2002; Rhemtulla et al.,
2012); thus, findings from this study are readily applicable
to organizational research.

We fully crossed all the specifications/levels of the four
factors, resulting in 3240 conditions (i.e., 12 [7]x 10 [N] X9
[I1x 3 [A]) of data. In addition, we simulated 1000 Monte
Carlo iterations for each condition. For each iteration, we
simulated response data by using the specified data param-
eters and then computed the within-person reliability. We
calculated the average reliability across the 1000 iterations
as the estimated reliability for each condition.

We believe that the 3240 studied conditions cover the
vast majority of within-person research design scenarios in
organizational research. However, for those beyond the 3240
conditions (e.g., N> 200, measurement occasions 7> 30),
we have also developed an R shiny web application, where
researchers may freely customize research design by enter-
ing their specific parameters to compute the corresponding
level-specific reliability (between- and within-person reli-
abilities). The use of the R shiny web application is straight-
forward, and we have also provided a user guide in Appendix
B of the online supplemental materials (Fig. S1).

We conducted the data simulation and the computation
of the level-specific reliability in R Version 4.0.2 (R Core
Team, 2021) by using the R package OpenMx (Neale et al.,
2016). After computing the reliability at both the within- and
between-person levels, we ran ANOVAs for the estimated
reliability computed from the 3240 studied conditions and
also calculated eta-squared to assess the effect size of each
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factor (along with all two-way interactions) for impacting
the magnitude of the within-person reliability.

Results

We present the estimated within-person reliability as a
function of the number of participants, scale length, and
the number of measurement occasions across the 1080 con-
ditions for medium factor loadings (0.70) in Table 1. The
corresponding results for high (0.90) and low (0.50) factor
loadings are presented in Tables S1 and S2, in Appendix A
of the online supplemental materials. These tables are organ-
ized by panels based on scale length, ranging from 2 items
(the first panel) to 10 items (the last panel). In each panel,
the expected reliability is presented in a matrix, in which
the rows represent the number of participants ranging from
5 to 200, and the columns represent the number of measure-
ment occasions ranging from 3 to 30. The simulation results
revealed a wide range of reliability at the within-person
level. For medium factor loadings, the estimated within-
person reliability ranged from the lowest 0.57 for a simple
design with 2 items, 5 participants, and 3 measurement occa-
sions, up to the highest 0.91 for a more complex design with
10 items, 200 participants, and 30 measurement occasions
(see Table 1). This table provides a practical guideline for
within-person researchers to plan their research design from
the within-person reliability perspective.

To better understand the result patterns comparatively, we
first visualized within-person reliability for 240 selected rep-
resentative data conditions (4 = .70) and then ran ANOVA
analyses to quantitatively determine the effect of each fac-
tor along with all the two-way interactions between factors
using all 3240 conditions. The results of the within-person
reliability (4 =.70) shown in Table 1 and Fig. 1 indicate
that there is a strong positive effect of scale length on the
within-person reliability: The more items included in a scale,
the higher the within-person reliability can be achieved. In
addition, the within-person reliability estimates showed a
clear ceiling effect, primarily determined by the scale length
(I). That is, the scale length determined the upper limit of
within-person reliability, or the highest possible within-
person reliability given a certain scale length planned in a
research design with varying number of participants and/
or the number of measurement occasions. For items with
medium item factor loadings, this upper limit was 0.66 with
a 2-item scale, and it increased to 0.79 for a 4-item scale, and
it further increased to 0.85, 0.89, and 0.91 for a 6-, 8-, and
10-item scale, respectively. However, the incremental effect
on the within-person reliability decreased when adding one
item to a longer scale (e.g., a 9-item scale) relative to adding
one item to a shorter scale (e.g., a 2-item scale).
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Similar to the effect of the scale length, the number of
participants and the number of measurement occasions
showed a positive—yet much weaker—effect on the within-
person reliability. That is, the within-person reliability
increases as the number of participants or measurement
occasions increases to a smaller extent than the case when
scale length increases.

Most interestingly, as comparing within-person reliability
with medium factor loadings (Table 1) to the ones with high
and low factor loadings (Tables S1 and S2 in Appendix A
of the online supplemental materials), we noticed the factor
loading also had a strong effect on the within-person reli-
ability: the within-person reliability became much higher
when factor loadings increased from 0.70 to 0.90. In addi-
tion, the results together revealed a compensatory effect
between factor loading and scale length. That is, using a
shorter scale with higher factor loadings could achieve the
same level of within-person reliability as a longer scale but
with medium factor loadings. For example, with medium
factor loading items (i.e., A=0.70), for a sample size of 15
and 4 measurement occasions, nine items were required in
the scale to achieve within-person reliability of 0.89; yet,
with high factor loading items (i.e., A=0.90), only two items
were required to achieve the same within-person reliability.

All the patterns we discovered from the tables and figures
were supported by the effect size analyses shown in Table 2,
in which 5 refers to the effect size of the corresponding fac-
tor in influencing the estimated magnitude of level-specific
reliability, whereas partial 5 refers to the effect size after the
effects of all other factors were partialled out. The effect size
results clearly showed that factor loading was the strong-
est factor that impacted the reliability at within-person level
(7* = 0.706). Similarly, the number of items also showed a
strong effect on the within-person reliability estimates (7% =
0.201). In contrast, the number of time points and the sample
size showed little impact on within-person reliability (5> =
0.000 for both factors). In addition, there showed a small
but significant interaction effect of scale length and factor
loading for within-person reliability (5> = 0.056), suggesting
there was a compensatory effect between the scale length
and factor loading.

Discussion

Using Monte Carlo simulations, the present research sys-
tematically examines the effects of a few key within-person
research design factors (the number of measurement occa-
sions, T; the number of participants, N; scale length, I; and
item factor loading, A) on the within-person reliability. Based
on the findings, we offer practical guidelines on how to bal-
ance the specifications of these factors in designing within-
person organizational research, while ensuring adequate
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Table 1 Expected within-

A . Number of par- Number of measurement occasions (7)
person reliability as a function

ticipants ()
of number of measurement 3 4 5 6 7 8 9 10 15 20 25 30
occasions (T), sample size
(N), number of items (I), with Scale length (1) =2
medium item factor loadings 5 565 603 612 632 639  .634 640 637 649 .650 .653  .649
A =.70) 10 630 630 634 643 638 646 652 651 652 651 .656  .656
15 630 .638 .648 646 .648 .653 .654 .652 .654  .655 655  .657
20 642 645 651 .651 649 653 652 .652 .658 .658 .656  .655
25 643 652 649 651 652 654 656 .656 .654 .655 .656 .657
50 652 653 655 .654 658 .655 .657 .656 .657 .658 .657 .658
75 654 654 654 656 .657 .657 .658 .657 .656 .657 .657 .658
100 653 654 655 .656 .657 .657 .657 .657 .656 .658 .657 .658
150 656  .658 .656 .658 .657 .657 .657 659 .658 .657 .657 .658
200 658  .658 .657 .657 .657 .657 .657 .657 .658 .658 .657  .658
Scale length (/)=3
5 .681 699 711 718 725 731 734 728 735 738 737 739
10 11 721 728 0 733 734 737 734 738 738 740 740 741
15 723 731 730 733 735 736 738 739 740 739 742 741
20 728 0 730 737 739 739 738 739 741 741 740 742 742
25 731 733 737 738 738 740 739 740 741 740 741 144
50 738 737 738 741 740 741 741 741 741 742 742 743
75 739 740 740 740 743 742 743 742 742 742 742 742
100 742 741 741 742 742 741 741 742 742 742 742 742
150 739 741 742 742 742 742 742 742 742 742 743 743
200 741 742 741 743 742 742 741 742 743 742 742 743
Scale length (1)=4
5 740 762 768 774 779 783 783 783 788 788 789  .792
10 769 782 786 787 785 789 790 788  .791 793 792 792
15 784 787 787 787 790 789 790 790  .791 793 793 793
20 784 787 789 788 789 792 791 791 792 793 793 793
25 783 790 788 790 791 791 792 792 792 792 793 793
50 789 792 792 792 792 792 792 792 793 793 793 793
75 791 791 794792 792 792 792 793 793 793 794 794
100 792 792 793 793 792 793 793 793 793 793 794 793
150 792 793 793 793 793 793 792 793 794 793 793  .793
200 792 793 794 793 793 794 793 793 794 793 793 794
Scale length (/)=5
5 776 805 .804 813 819 815 819 .821 .821 823 823 825
10 804 818 817  .821 823 823 824 824 826 .826  .828  .828
15 813 818 .822 .822 .823 824 825 823 826 .826 .827 .827
20 818 822 820 .826 .824 826 .826 .826  .826  .826  .828  .827
25 821 822 824 824 824 825 826 .827 .827 .828 .827 .827
50 823 825 826 .825 827 .827 826 .827 .827 .828 .828  .828
75 825 827 827 827 .827 .827 .827 .827 .828  .827  .828  .828
100 825 826 .827 .827 .827 .828 .827 .827 .827 .828 .828  .827
150 827 828 .827 .827 .827  .827  .828 .827 .828 .828  .828  .828
200 827 827 .827 .828 .828  .828  .828  .828 .828 .828  .828  .828
Scale length (1)=6
5 812 830 .834 838 .845 844 842 845 847 847 850 .849
10 840 842 843 846 .848 .847 850 .849 850 .851 .851 851
15 843 844 845 847 850 .850 .849 850  .851 850 .850  .852
20 846 847 849 848 850  .851 851 851 851 852 .851 851
25 846 849 848 850 .849  .851 852 .851 852 851 852 852
50 849 850  .851 851 851 851 851 852 852 852 .852  .852
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Table 1 (continued)
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Number of par-

Number of measurement occasions (7)

gepants ) TS 6 7 8 9 10 15 20 25 30
75 .850 851 851 852 852 852 851 852 .852 852 .852 .852
100 850 851 852 852 852 852 852 852 852 .852 .852 .852
150 851 852 852 851 852 852 852 852 .852 .852 .852  .852
200 851 852 852 852 852 852 852 852 .852 .852 .852 .852

Scale length ())=7
5 844 850 856 859 863 863 865 864 .867 .868 .869  .869
10 858 861 864 865 867 867 .867 .868 .870 .869 .869  .870
15 864 864 866 867 867 868 .868 .869 .870 .870 .870  .870
20 865 865 866 867 868 .868 .868 .870 .870 .870 .870  .870
25 .868 .868 .868 .868 869 869 869 869 869 870 .870 .870
50 .868 .869 869 869 870 870 870 870 .870 .870 .870  .870
75 869 870 869 869 870 870 .870 .870 .870 .871 .870  .871
100 870 870 870 870 871 871 870 .871 870 .871 .870  .870
150 870 870 870 871 870 870 .870 .871 .870 .870 .871  .871
200 870 871 870 870 870 870 870 .870 .871 .870 .871  .870

Scale length (/)=8
5 854 866 875 875 876 879 878 880 .880 .882  .882  .884
10 872 877 879 880 .881 .882 .883 .883 .883 .884 .884  .884
15 877 879 879 881 883 882 .883 .883 .884 .884 .884  .884
20 877 881 .881 .882 883 883 884 .883 .884 .884 .884  .885
25 .879 881 884 883 883 884 884 884 884 .884 884  .885
50 883 884 883 884 884 8384 884 884 .885 .884 .885 .885
75 883 883 884 884 885 884 884 885 .885 .885 .885 .885
100 884 884 885 884 884 885 .885 .884 885 .885 .885 .885
150 885 884 885 884 885 885 .885 .885 .885 .885 .885  .885
200 884 884 885 885 885 885 .885 .885 .885 .885 .885  .885

Scale length (1)=9
5 872 881 884 888 890 .892 .891 .890 .893 .894 895  .895
10 884 888 891 893 894 893 893 894 895 .896 .895 .896
15 889 893 892 893 894 895 895 .895 .895 .895 .896  .896
20 890 893 893 895 895 895 .894 896 .896 .895 .896  .896
25 893 894 894 895 896 895 895 895 896 .896 .896  .896
50 894 895 896 895 896 896 896 896 896 .896 .896  .896
75 895 896 896 895 896 896 896 896 .896 .896 .896  .896
100 895 89 896 896 896 896 896 896 .896 .896 .896  .896
150 896 896 896 896 896 896 896 896 .896 .896 .896  .896
200 89% 8% 896 896 896 896 896 .896 .896 .896 .896  .896

Scale length (/)=10
5 883 890 895 898 900 .899 901 901 903 903 904 .904
10 894 899 902 902 901 903 903 903 904 904 905 .905
15 899 903 902 904 903 903 904 905 905 906 905  .905
20 901 902 903 904 903 904 904 905 905 905 905 .905
25 901 904 904 904 905 905 904 905 905 905 906  .905
50 904 905 906 905 905 905 906 905 906 906 905  .905
75 904 905 904 905 905 906 905 906 906 906 .906  .906
100 904 905 905 906 905 906 905 905 906 906 906  .906
150 905 905 905 905 905 906 906 905 905 905 906  .906
200 905 905 905 905 906 906 905 906 906 906 .906  .906
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Fig. 1 Expected within-person
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Table 2 Effect size (#%) of research design factors impacting the mag-
nitude of the estimated reliability at the within-person level

Factor Within-person reliability

n? partial #?
Timepoint .000 .008
Items 201 844
N .000 .005
Factor loading .706 950
Timepoint X items .000 .001
Timepoint X N .000 .003
Timepoint X factor loading .000 .003
Items X N .000 .001
Items X factor loading .056 599
N xfactor loading .000 .002
Adjusted R? 9627

Timepoint, number of time points or measurement occasions, Items,
number of items or scale length, N, sample size, and Factor loading,
within- and between-person item factor loading. Effect sizes greater
than .05 are italicized and boldfaced. Partial #? is the eta squared
effect size after other independent variables and interactions are par-
tialled out

within-person reliabilities; we also provide three interactive
R shiny web applications to allow within-person research
design a much more straightforward practice. In this section,
we will discuss the implications of our research findings for
the methodologies and theorization of within-person organi-
zational research and describe the extended applications of

5 10 15 20 25 50 75100150200 5 10 15 20 25 50 75 100 150 200

5 10 15 20 25 50 75 100 150 200
Sample Size (N)

our research findings for consideration of validity in within-
person research.

Within-Person Research Design Factors
and Within-Person Reliability

As discussed earlier, systematic and practical guidelines
are sorely needed for designing within-person research in
organizational studies. In this section, we will discuss the
implications of our simulation study findings for within-
person organizational research design.

Dominant Effects of Scale Length and Item Factor Loading

Our results (Table 1, Fig. 1) indicate that scale length deter-
mines the upper limit of the within-person reliability across
a variety of study design conditions we examined. The
strong effect of scale length was substantiated by the results
from the effect size analysis (Table 2). Furthermore, item
factor loading and its interaction with scale length were also
strong predictors of the magnitude of within-person reliabil-
ity (Table 2), such that higher within-person factor loadings
contribute to higher within-person reliability and they can
compensate lower scale length to ensure adequate reliability
(Table 1, Tables S1 and S2 in Appendix A of the online sup-
plemental materials). Therefore, in the context of adapting
longer scales established in between-person organizational
research for use in organizational within-person research (a
common practice; Gabriel et al., 2019; Ohly et al., 2010),
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researchers need to be cognizant of the implications of
choosing fewer items for within-person reliability and can
benefit from choosing items with higher within-person item
factor loadings whenever such information is available. For
example, 2-item scales tend to have within-person reliabili-
ties at 0.66 or lower across conditions, given medium-level,
within-person item factor loadings (0.70); the reliabilities of
such scales can go up to 0.87 or higher when the item factor
loadings go up to 0.90. Notably, the compensatory effect
of item factor loading for scale length is stronger than the
other way around, in terms of achieving a similar level of
reliability, holding the other factors constant.

Compensatory Effects of the Numbers of Participants
and Measurement Occasions

This finding has the most implication for the costs and
feasibility of within-person research. When designing and
implementing within-person research, it is often a trade-
off between resources expended on recruiting more par-
ticipants and those expended on retaining the participat-
ing individuals during repeated surveys/study sessions. For
example, it may be equally costly and effortful to recruit
100 participants to participate in a week-long daily diary
study (seven daily surveys in total), relative to recruiting
50 participants to complete a 2-week-long daily diary study
(fourteen daily surveys in total), for a maximal total of 700
observations. If the researcher believes that representative
sampling of both time and participants is important for
the generalizability of their findings from the within-per-
son research on a prevalent phenomenon (e.g., quality of
social relationships at work), our results suggest that they
can balance both aspects of their within-person research
design by choosing a modest number of participants and a
higher number of measurement occasions. Using the afore-
mentioned scenario (up to 700 observations for a study
on social relationships) as an example, these researchers
would be better off choosing to recruit 50 participants with
relatively diverse backgrounds for 2-week-long daily sur-
veys, since the literature on ESM suggests that 2 weeks is
a good representation of an individual’s social life (Reis
& Gable, 2000).

In contrast, if a researcher is concerned more about general-
izing the within-person research findings to a broader popula-
tion while retaining the methodological rigor in examining
within-person processes, then it might be a better trade-off
for them to recruit 100 participants to participate in a week-
long daily diary study. In summary, in the context of ensuring
adequate within-person reliability, researchers have some flex-
ibility in balancing the choice of the number of participants
versus the number of measurement occasions during research
design, while considering the nature of their research questions
and resources available to carry out the study.
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Within-Person Reliability and Validity
of Within-Person Research

The issue of reliability is closely tied to the issue of validity,
including the validity of focal measures and the validity of
study conclusions. The primary goal of our present research
is to offer new insights on how common research design fac-
tors can be combined to optimize within-person reliability
and to provide systematic guidelines for researchers to design
their within-person research more efficiently. Additionally, we
have two other goals essential to within-person organizational
research: to demonstrate the implications of within-person reli-
ability for the within-person validity of focal phenomena and
to promote more usage of level-specific reliability in organi-
zational within-person research.

Compute Expected/Observed Within-Person Validity

We aim to demonstrate the implications of within-person reli-
ability for the within-person validity of focal phenomena (and
thereafter the validity of within-person research findings). We
address this goal by offering another separate free R shiny web
application/app (see Fig. S2 in the supplementary materials)
for researchers to compute the expected or observed within-
person validity, given the expected within-person reliability
under the choice of research design. Through this effort, we
will further raise the awareness among within-person research-
ers that within-person reliability is a critical aspect of within-
person research quality.

Compute One’s Own Within-Person Reliability

We also aim to facilitate the usage of level-specific reliabil-
ity in within-person organizational research. We address this
goal by offering another free R shiny web app (see Fig. S3
in Appendix B of the online supplemental materials) which
allows researchers to easily compute the within- and between-
person reliabilities of focal scales by uploading a dataset they
collected themselves. Through this R shiny web app, we hope
organizational researchers will be able to compute and report
within-person (and between-person) reliabilities of focal
measures more frequently in future within-person research,
as opposed to single-level reliabilities or averaged reliabilities
across occasions.

Recommendations
Recommendation #1: a Lower CutOff Value Should Be
Considered for Within-Person Reliability Under Certain

Study Design Conditions

Although a single cutoff value of 0.70 is commonly used
for between-person reliability reported in conventional
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organizational research across all study conditions, for eval-
uating within-person reliability, we recommend two differ-
ent cutoff values, depending on the study design conditions.
Specifically, when three or more items are used for a scale in
within-person research, we recommend 0.70 as the cutoff for
within-person reliability, since our simulation results indi-
cate that the estimated within-person reliability is generally
above 0.70 when item factor loadings are at 0.70 (repre-
senting a typical good quality scale), across the vast major-
ity of study design conditions (see Table 1). Furthermore,
when within-person researchers use a two-item scale based
on theoretical justifications and considerations of adequate
construct validity (e.g., content validity) afforded by such
a short scale, we recommend 0.60 as a more relaxed cutoff
for within-person reliability. We caution researchers to be
cognizant that having scales with within-person reliability of
0.60 or lower may potentially lead to an inadequate statisti-
cal power (e.g., less than 0.70) in detecting the focal effect
size/validity. Accordingly, we also recommend researchers
to compute statistical power during their research design
phase, based on expected study parameters (e.g., within-per-
son reliability of 0.60 for a 2-item scale, theoretical validity/
effect size, sample size) by using our “Observed Validity”
Shiny app.

Consistent with our recommendation, past research has
suggested that reliability values within a range of 0.50-0.70
may be acceptable, in some contexts, such as for scales with
fewer items or for studies focused on within- and between-
person variations (e.g., G. Fisher et al., 2016; Fleeson,
2001). Similarly, Shrout (1998) proposed 0.61-0.80 as a
range to indicate moderate reliability.

Recommendation #2: Scales with 2-4 Items Work
for Organizational Within-Person Research, If Item Factor
Loadings Are High

In the past, shorter scales (e.g., with four or fewer items)
have been used in the majority of past organizational ESM
research literature (McCormick et al., 2020). The past litera-
ture has observed a common practice in shortening longer
scales established in between-person research literature
based on published between-person item factor loadings;
scholars have questioned its appropriateness yet offered no
empirically based recommendation (Gabriel et al., 2019;
Nguyen et al., 2019). Our simulation offers empirical evi-
dence to support a clear recommendation that scales with
four or fewer items can be reliable in measuring within-
person variability, if the items (or those chosen from a longer
scale) have moderate or high within-person factor loadings
(0.70-0.90). Yet, if the items are expected to have lower
within-person factor loadings (e.g., 0.50 or lower), we rec-
ommend using five or more items for each scale. Inevitably,
one may ask how to obtain evidence on within-person item

factor loadings in designing organizational within-person
research. In line with the recommendation from the recent
literature (e.g., Gabriel et al., 2019), we urge researchers to
conduct their own pilot study to validate a newly developed
or adapted/shortened measure to ensure its within-person
reliability and construct validity before employing it in their
within-person research, whenever resources allow. Addition-
ally, we make “Recommendation #3: Organizational Within-
Person Researchers Should Report Both Between- and
Within-Person Item Factor Loadings” below. Notably, we
neither include the 1-item condition in our simulations nor
recommend it from psychometrical perspectives, because it
is impossible to distinguish the true score and error score
for the within-person component of the test score without
further model assumptions or external information like cor-
relating the single-item test with a multiple-item test of the
same construct (e.g., Wanous & Reichers, 1996).

Recommendation #3: Organizational Within-Person
Researchers Should Report Both Between-
and Within-Person Item Factor Loadings

As suggested by the recent literature (e.g., Gabriel et al.,
2019; Geldhof et al., 2014), multilevel confirmatory fac-
tor analysis (MCFA) is an effective approach to evaluate
the level-specific reliability and validity of focal measures
in studies of a multilevel nature, including organizational
within-person research. In the context of shifting the current
practice of estimating and reporting reliability in organi-
zational within-person research toward level-specific reli-
ability, we urge future organizational researchers to conduct
MCFAs of their focal scales and report/publish the between-
and within-person item factor loadings from such analyses,
so that others can use these factor loadings to better inform
within-person research design.

Recommendation #4: Organizational Within-Person
Researchers Should Report Both Between-
and Within-Person Reliabilities

As reviewed earlier, the organizational within-person
research literature can significantly benefit from clearer
understanding on level-specific reliability and a newer
practice of estimating and reporting level-specific reliabil-
ity. To facilitate the establishment of such a scientific prac-
tice focused level-specific measurement, we urge organiza-
tional researchers to estimate and report both between- and
within-person reliabilities by using our third R Shiny app
in their future work. Doing so would effectively add to the
cumulating evidence on the within- and between-person
psychometrical properties of many measurement tools that
were initially developed and validated in between-person
research. In the event that measures of certain phenomena
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were reported to have consistently poor within-person reli-
ability (relative to adequate between-person reliability), it
would offer opportunities for theoretical development of
such phenomena; that is, conceptualization of these phe-
nomena might not be equivalent across the between- and
within-person levels, representing a non-isomorphic pro-
cess supported by the past multilevel literature (Bliese et al.,
2007; Tay et al., 2014).

Recommendation #5: Use Free Online Analytical Tools
to Conveniently Aid Within-Person Research Design
and Level-Specific Reliability Computation

As discussed earlier, our R Shiny web apps are designed
for researchers to estimate expected within- (and between-
person) reliability based on the key design factors they have
chosen and expected (first app), as well as the expected
within-person validity based on chosen study design factors
and the expected within-person reliability of a focal scale
(second app). We urge organizational researchers to utilize
these free R Shiny web applications to effectively plan their
within-person research, by simultaneously considering the
level-specific reliability and validity of their focal phenom-
ena. In particular, if many researchers followed “Recom-
mendation #3: Organizational Within-Person Researchers
Should Report Both Between- and Within-Person Item Fac-
tor Loadings” above, it would be easier for future researchers
to apply these apps during research design through retriev-
ing level-specific item factor loadings of pertinent scales
from the past literature. Furthermore, we urge organizational
researchers to regularly report both within- and between-per-
son reliabilities from their within-person research through
using our third R Shiny web application, so that it would
be easier for future researchers to retrieve such reliability
evidence to use in their research design (e.g., applying our
second web application to estimate validity). Lastly, given
the many study design parameters to consider in within-
person research, we encourage organizational researchers
to pre-register their study design in line with the Open Sci-
ence Framework. Specifically, we suggest future organiza-
tional within-person researchers follow Logg and Dorison’s
(2021) general guidelines in creating pre-registration files
documenting their research design parameters selected based
on the nature of their research questions and the evidence-
based recommendations we have offered in the current study.

Limitations and Future Research Directions

Although this study conducted systematic simulations across
a wide range of research designs and offers useful guide-
lines with respect to choosing research design to optimize
measurement reliability (and validity) in within-person
research, it did come with limitations. The first limitation

@ Springer

is the estimation method for level-specific reliability. In
this study, we chose the level-specific « method as «a is the
most commonly used estimation method in industrial and
organizational psychology, and it has been widely accepted
in the literature of management and business administration.
However, we also acknowledge other methods in the litera-
ture that could be used to estimate level-specific reliability,
and level-specific a is most suitable when the focal scale is
unidimensional at both between- and within-person levels.
For example, one may also adopt the level-specific @ method
(Geldhof et al., 2014).

Nevertheless, the @ and a methods are mathematically
equivalent or similar when scale items have equal or simi-
lar factor loadings. Future research may explore alternative
reliability estimation methods for within-person organiza-
tional research. Furthermore, given that the present research
is focused on issues of reliability and research design for
within-person studies using unidimensional scales, we
urge future research to examine how to choose appropriate
within-person research design in optimizing within-person
reliability for studies focusing on multidimensional con-
structs (for a review see Cho, 2016).

Furthermore, our study is limited, because our operation-
alization of within-person reliability may not represent all
aspects of reliability for within-person research, particularly
for research focused on growth issues. In studies focused
on growth issues, we recommend researchers to estimate
reliability indices that focus on change scores or the inter-
cept/slope aspect of growth curves, such as reliability of
change scores and growth curve reliability (e.g., Cranford
et al., 2006; Meredith & Tisak, 1990; Rogosa et al., 1982;
Willett, 1989).

Another limitation is related to the number of data con-
ditions we examined in the study. Although our simulated
3240 data conditions have covered most of the designs in
within-person research, they were not exhaustive. When a
specific design is not covered in Table 1, precise informa-
tion regarding the expected within-person reliability would
not be available in the table. In such a case, researchers may
use our R shiny web app to compute the expected reliability
by entering the customized research design; they may also
approximate reliability based on a similar design available
in the table. Nevertheless, future research may provide simu-
lation results based on more design conditions. For exam-
ple, future simulation research may vary the levels of item
factor loadings across within- and between-person levels,
such as 0.90 for between-person level and 0.70 for within-
person level, in an effort to examine the implications of
that research design condition for optimizing within-person
reliability.

Finally, a promising direction for future research is to
examine the impact that the nature or type of phenomena
(e.g., more or less variable) may have on within-person
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reliability estimates. Using ESM research as an example,
meta-analytical evidence from the organizational literature
indicates that the percentage of within-person variation to
total test score variation tends to be higher among phenom-
ena like negative mood and sleep behavior (with the average
percent of variation at approximately 55% and 64%, respec-
tively), than among job situations like social support and job
autonomy (at about 40% and 43%, respectively), based on
their confidence intervals (McCormick et al., 2020). Thus,
future research may be fruitful by examining the impact of
varied ICC(1)—equal to 1 minus percent of within-person
variation—on the magnitude and biases of within-person
reliability estimates.

Conclusion

Addressing the challenges of lacking systematic guidelines
on research design and incomplete understanding on con-
ceptualization and computation of within-person reliabil-
ity in the organizational within-person research literature,
we conducted a simulation study, offered guidelines for
research design that optimizes within-person reliability,
provided three R shiny web apps, and made practical recom-
mendations for future within-person research. Findings and
tools from this research enable organizational researchers
to optimize within-person reliability (and validity) through
designing within-person research with easy-to-use R shiny
web apps, and to better understand and report level-specific
reliabilities in within-person research. Moving forward, we
hope this research will facilitate the shift of the common
practice of primarily reporting single-level reliability or
averaged reliability across occasions in the organizational
within-person research literature, toward the practice of
reporting level-specific reliabilities that correspond to the
level of analysis researchers’ focal research questions lie in.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10869-022-09803-5.
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Supplementary Materials

Online Appendix A
Additional Results on Within-Person Reliability Estimates
1. Table S1: Expected Within-Person Reliability as a Function of Number of Measurement
Occasions (7), Sample Size (N), Number of Items (/), with High Item Factor Loadings
(41=.90)
2. Table S2: Expected Within-Person Reliability as a Function of Number of Measurement
Occasions (7), Sample Size (N), Number of Items (/), with Low Item Factor Loadings

(A=.50)
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Table S1

Expected Within-Person Reliability as a Function of Number of Measurement Occasions (T),
Sample Size (N), Number of Items (I), with High Item Factor Loadings (A =.90)

Sampl Number of Measured Times (7)
e Size
(N) 3 4 5 6 7 8 9 10 15 20 25 30

Number of Items (/) =2

5 .867 .879 .884 .884 .888 .888 .889 .891 .891 .893 .893 .893
10 .881 .887 .891 .891 .891 .891 .894 .893 .894 .894 .894 .893
15 .886 .890 .891 .892 .893 .894 .894 .893 .894 .894 .894 .895
20 .890 .893 .892 .893 .893 .894 .894 .894 .894 .895 .894 .894
25 .891 .893 .894 .893 .894 .893 .894 .894 .894 .895 .895 .895
50 .893 .893 .894 .894 .894 .895 .895 .894 .894 .895 .895 .895
75 .893 .894 .894 .895 .894 .895 .894 .895 .895 .895 .895 .895
100 .893 .894 .894 .894 .894 .895 .895 .895 .895 .895 .895 .895
150 .894 .895 .895 .895 .894 .895 .895 .895 .895 .895 .895 .895
200 .895 .895 .895 .895 .895 .895 .895 .895 .895 .895 .895 .895

Number of Items (/) =3

5 912 914 920 920 922 923 923 923 925 926 927 926
10 920 923 923 924 925 926 926 927 926 927 927 927
15 923 925 924 926 927 925 926 926 927 927 927 927
20 923 924 926 926 927 926 927 927 927 927 927 927
25 924 .926 926 926 926 927 927 927 927 927 927 928
50 926 926 927 927 927 927 927 927 927 927 927 927
75 927 .926 927 927 927 927 927 927 927 927 927 927
100 927 927 927 927 927 927 927 927 927 927 928 927
150 927 927 927 927 927 927 927 927 928 927 928 927
200 927 927 927 927 927 928 928 928 927 927 928 .927

Number of Items (/) = 4

5 930 936 938 941 941 941 941 941 943 943 944 944
10 938 941 942 942 943 943 943 943 944 944 944 944
15 941 942 943 .943 .943 944 944 944 944 944 944 944
20 941 .943 943 944 944 944 944 944 944 944 944 944
25 942 .943 943 944 944 944 944 944 944 944 945 945
50 944 944 944 944 944 944 944 944 945 944 .945 .945
75 943 .944 944 .944 .944 945 944 944 944 945 945 945
100 944 .944 944 .944 .945 944 944 944 944 945 945 945
150 944 .944 944 .945 .944 945 945 .945 944 945 945 945
200 .944 .944 .944 .944 .945 .944 .945 .945 .945 .945 .945 .945

Number of Items (/) =5

5 943 .948 950 952 952 952 953 953 954 954 955 955
10 952 952 953 953 954 954 954 954 954 955 955 955
15 952 953 953 954 954 954 954 954 955 955 955 955
20 953 954 954 954 954 955 955 955 955 955 955 955
25 953 954 954 954 955 955 955 955 955 955 955 955
50 954 955 955 955 955 955 955 955 955 955 955 955
75 955 955 955 955 955 955 955 955 955 955 955 955
100 955 955 955 955 955 955 955 955 955 955 955 955
150 955 955 955 955 955 955 955 955 955 955 955 955
200 .955 955 .955 .955 .955 955 955 955 955 955 955 955

Number of Items (I) = 6
5 953 957 959 .959 .959 .960 .960 961 961 962 .962 962
10 958 .960 961 961 962 961 961 .962 .962 .962 .962 .962



OPTIMIZING WITHIN-PERSON RELIABILITY 3

15 960 .960 961 961 .962 962 962 962 962 962 962 962
20 961 961 961 962 962 962 962 962 962 962 962 962
25 961 961 962 961 962 962 962 962 962 962 962 962
50 961 962 962 962 962 962 962 962 962 962 962 962
75 962 962 962 962 962 962 962 962 962 962 962 962
100 962 962 962 962 962 962 962 962 962 962 962 962
150 962 962 962 962 962 962 962 962 962 962 962 962
200 962 .962 962 .962 .962 962 962 .962 962 962 962 962

Number of Items (1) =7

5 .960 962 964 .965 .965 966 965 .966 966 967 967 967
10 964 965 .966 .966 967 967 966 967 967 967 967 967
15 .966 .966 .966 967 967 967 967 967 967 967 967 .968
20 965 967 967 967 967 967 967 967 968 967 .968 967
25 .966 967 967 967 967 967 967 967 967 967 967 .968
50 967 .967 967 967 967 967 967 967 968 967 968 968
75 967 .967 967 967 967 967 967 967 968 968 967 968
100 967 .967 968 .968 .968 967 968 .968 968 968 968 968
150 967 .967 968 967 967 967 968 .968 968 968 968 968
200 967 .968 .968 .967 .968 967 .968 .968 .968 .968 .968 .968

Number of Items (/) = 8

5 965 .967 969 .969 970 970 970 970 971 971 971 971
10 969 .969 970 970 971 971 971 971 971 971 971 971
15 969 971 970 970 971 971 971 971 971 971 971 971
20 970 971 970 971 971 971 971 971 971 971 971 971
25 970 971 971 971 971 971 971 971 971 971 971 971
50 971 971 971 971 971 971 971 971 972 971 971 972
75 971 971 971 971 971 971 971 971 971 971 972 971
100 971 971 971 971 972 971 971 971 972 971 971 971
150 971 971 971 971 971 971 972 971 972 971 972 971
200 971 972 971 971 971 971 971 971 971 972 971 972

Number of Items (/) =9

5 969 971 972 973 973 973 974 974 974 974 974 974
10 972 973 973 974 974 974 974 974 974 974 974 974
15 973 974 974 974 974 974 974 974 974 974 974 974
20 974 974 974 974 974 974 974 974 974 974 975 974
25 973 974 974 974 974 974 974 974 974 974 975 975
50 974 974 974 974 975 975 975 975 975 975 975 975
75 974 974 974 975 974 975 974 974 975 975 975 975
100 974 974 974 975 975 974 975 975 975 975 975 975
150 974 975 975 975 974 975 974 975 975 975 975 975
200 975 975 975 975 975 975 975 975 975 975 975 975

Number of Items (/) = 10

5 971 974 975 975 975 975 976 976 976 977 977 977
10 975 975 976 976 976 976 976 977 977 977 977 977
15 975 976 976 976 976 976 977 977 977 977 977 977
20 976 976 976 976 977 977 977 977 977 977 977 977
25 976 976 977 977 977 977 977 977 977 977 977 977
50 976 977 977 977 977 977 977 977 977 977 977 977
75 977 977 977 977 977 977 977 977 977 977 977 977
100 977 977 977 977 977 977 977 977 977 977 977 977
150 977 977 977 977 977 977 977 977 977 977 977 977
200 977 977 977 977 977 977 977 977 977 977 977 977
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Table S2

Expected Within-Person Reliability as a Function of Number of Measurement Occasions (T),
Sample Size (N), Number of Items (I), with Low Item Factor Loadings (A =.50)

Sampl Number of Measured Times (7)
e Size
(N) 3 4 5 6 7 8 9 10 15 20 25 30

Number of Items (/) =2

5 253 318 324 .339 .347 371 372 .379 379 385 .389 .390
10 .309 374 .366 386 383 384 379 .388 .393 392 397 395
15 .368 364 381 .380 394 .389 .386 387 .400 .396 392 398
20 371 379 .387 384 385 .389 .390 .390 .394 .396 .396 398
25 373 382 .388 391 393 .398 401 .396 395 .398 .399 401
50 381 393 395 400 398 395 401 398 .399 .398 397 398
75 392 395 .396 393 396 .400 .398 .396 .397 .400 400 .399
100 .392 398 395 399 397 397 397 .399 .399 .398 400 .399
150 397 393 397 .399 .398 400 400 400 .399 400 400 401
200 .395 .398 .398 .398 .398 .399 .399 .399 .400 401 400 400

Number of Items (/) =3

5 370 434 442 451 461 473 476 486 481 491 495 493
10 448 471 465 477 484 492 487 487 492 491 496 496
15 469 485 480 481 486 492 1490 493 495 495 498 499
20 476 483 483 492 494 496 493 491 497 497 499 499
25 483 494 490 495 491 490 497 495 497 496 498 499
50 496 490 493 493 494 497 498 499 498 498 499 499
75 496 495 497 498 498 496 497 499 499 499 .500 .500
100 494 496 .500 498 499 .500 .500 499 498 .500 499 .500
150 497 499 498 .500 .501 .500 498 499 501 .500 .500 .500
200 498 .498 498 498 .500 499 498 .500 499 .500 .500 .500

Number of Items (/) = 4

5 466 492 527 531 .538 .543 553 554 558 559 .568 .567
10 Sl .543 551 .550 .559 562 564 .555 565 568 .568 .567
15 538 .555 .559 .564 .563 561 564 .565 570 570 570 .569
20 552 .558 .562 .565 .569 .565 .566 .566 571 568 .569 570
25 551 .561 .565 .568 .565 564 .566 .566 567 569 570 571
50 .564 .565 .565 .567 .567 567 571 .570 570 571 572 571
75 567 .567 570 .569 571 .570 .570 .570 571 572 572 571
100 567 .568 .569 .569 .570 572 571 .570 572 571 572 572
150 .570 .570 .569 571 .570 572 571 .570 571 571 571 571
200 571 .568 .570 .570 571 .569 571 571 571 572 571 572

Number of Items (/) =5

5 .543 .570 578 .590 .602 .606 .605 612 .614 617 .618 .619
10 .588 .596 .602 .614 .614 612 .619 .615 617 .623 .620 .624
15 591 .606 612 .612 .616 .619 .619 .619 .621 .621 .622 .622
20 .602 .616 .614 .619 .616 617 622 .623 .621 625 .625 .623
25 .605 .616 .615 .620 .619 .621 .621 .620 .623 .624 .623 .623
50 618 .619 .621 .624 .623 .624 .624 .623 .624 .623 .625 .625
75 .619 .622 .621 .624 .623 .623 .624 .625 .624 .625 .625 .625
100 .621 .624 .625 .624 .623 .623 .625 .624 .624 .624 .625 .624
150 .621 .623 .623 .624 .624 .624 .624 .624 .624 625 .624 .625
200 .623 .624 .625 .625 .625 .625 .624 .624 .625 .625 .625 .625

Number of Items (/) = 6
5 580 .616 627 .636 .644 .646 .650 .654 .659 .658 .661 .663
10 .630 .644 .648 .654 .659 .659 .657 .656 .663 .663 .664 .666
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15 .642 .655 .655 .659 .660 .662 .663 .662 .664 .664 .665 .665
20 .647 .653 .660 .658 .659 .662 .664 .663 .664 .664 .665 .664
25 .652 .654 .661 .661 .661 .663 .664 .663 .664 .664 .666 .666
50 .658 .662 .664 .666 .665 .664 .665 .665 .665 .666 .666 .666
75 .662 .663 .665 .666 .665 .666 .666 .666 .666 .667 .665 .666
100 .665 .665 .664 .665 .666 .666 .666 .666 .666 .666 .667 .666
150 .666 .666 .665 .666 .666 .667 .665 .666 .666 .666 .667 .667
200 .664 .665 .666 .666 .666 .665 .666 .666 .667 .667 .666 .666

Number of Items (1) =7

5 .629 .652 .663 .675 .680 .684 .681 .685 .693 .694 .694 .695
10 .665 .680 .682 .687 .690 .689 .689 .691 .695 .697 .698 .698
15 .682 .682 .690 .690 .693 .695 .696 .697 .699 .699 .697 .699
20 .683 .688 .694 .691 .695 .697 .695 .698 .697 .699 .699 .698
25 .691 .690 .694 .697 .697 .696 .696 .697 .699 .699 .699 .699
50 .697 .695 .698 .696 .698 .699 .698 .698 .699 .699 .700 700
75 .694 .696 .698 .698 .698 .700 .699 .699 .700 .699 700 700
100 .697 .698 .698 .699 .699 .700 .699 .699 .700 .699 700 700
150 .698 .700 .700 .698 .699 .700 .699 .700 .700 .700 700 700
200 .698 .698 .699 .699 .700 .699 .700 .700 .700 .700 .700 700

Number of Items (/) = 8

5 .669 .683 .696 708 705 719 713 714 719 723 723 7122
10 .697 710 718 718 721 17 720 7122 723 724 7124 726
15 707 15 721 718 723 721 723 124 724 724 726 725
20 713 720 722 720 722 722 722 723 725 726 127 725
25 716 718 722 723 726 724 724 124 727 725 725 127
50 723 125 726 7124 725 726 725 124 727 726 127 127
75 724 125 726 726 726 726 727 127 727 727 127 127
100 724 725 127 726 127 726 726 127 727 727 127 127
150 726 726 726 7126 7126 127 726 127 127 127 7127 7127
200 726 127 726 727 727 726 727 7127 727 727 7127 7127

Number of Items (/) =9

5 .698 710 726 730 733 733 137 739 745 746 746 748
10 726 127 735 137 742 740 746 744 147 147 147 748
15 735 738 739 745 746 745 745 147 748 748 748 749
20 738 741 742 744 147 147 147 147 749 750 748 749
25 741 147 743 746 746 747 748 746 749 749 748 750
50 746 746 747 748 749 748 748 748 750 750 750 750
75 747 147 748 748 748 749 749 749 749 750 750 750
100 746 7147 748 749 749 749 749 750 749 749 750 750
150 748 749 749 750 749 750 749 750 750 750 750 750
200 748 749 749 750 750 .750 .750 .749 .750 .750 750 750

Number of Items (/) = 10

5 715 734 751 746 751 753 756 760 763 764 766 765
10 746 752 756 759 760 763 765 762 766 766 768 7167
15 U751 758 760 761 761 766 767 7167 767 768 769 769
20 758 761 763 763 766 766 766 167 769 768 768 768
25 759 763 762 766 766 768 767 768 769 769 768 768
50 766 767 766 767 768 768 768 769 768 768 769 769
75 765 766 767 768 767 769 769 769 769 769 769 769
100 766 .768 769 768 768 769 769 768 769 769 769 769
150 769 767 769 769 769 769 769 769 769 769 769 769
200 767 768 769 .769 .769 769 769 .769 769 769 769 769
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Online Appendix B
User Guide for the Shiny Within-Person Research Web Applications
1. Figure S1: The Interface and User Guide of the Web Application to Calculate Expected
Between- and Within-Person Reliability Based on Chosen Research Design Factors
2. Figure S2: The Interface and User Guide of the Web Application to Calculate Observed
Validity Based on the Expected Reliability
3. Figure S3: The Interface and User Guide of the Web Application to Calculate Level-Specific

Alpha for a Given Dataset

Note: The web applications are available at https://tinyurl.com/LevelAlpha, and they are

accessible through all browsers on most platforms, including computers, tablets, and

smartphones.


https://tinyurl.com/LevelAlpha
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Figure S1

The Interface and User Guide of the Web Application to Calculate Expected Level-Specific
Alpha by Research Design

Within-Person Research Web App  Expected Alpha by Design =~ Oberved Validity  Calculating Alpha

2 PIanr:dNumberofltems: Expected Alpha
2 3 10
- )
' Distribution of Alpha Estimates

3 Planned Number of Time Points:

2 15] 50

Y
_.__-r

4 Approximate Average Factor
Loadings at the Between-person
Level:

0 (0.5 1

5 Approximate Average Factor
Loadings at the Within-person Level:

[ (0.5] 1

o———
6 Planned sample Size:
30

] Desired Number of Simulations:

500

g

Figure S1(a)

Note. Using the web application to calculate expected level-specific alpha by design involves the
following steps, indicated by the numbers in red color in Figure S1(a) and Figure S1(b).

Step 1: Click on the “Expected Alpha by Design” tab on the top banner.

This tab is designed to calculate expected level-specific alpha based on various planned
research design characteristics, including sample size, the number of items, the number of
time points, approximate average factor loadings at each level.

Step 2: On the left sidebar, indicate the number of items by moving the slider.
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Step 3:

Step 4:
is .70.

Step 5:
is .70.

Step 6:

Step 7:

Step 8:

The number of items is the planned scale length: how many items will you use to
measure the construct for each time point?

Indicate the number of measurement occasions by moving the slider.

How many time points will you plan to measure the focal construct? You may try
multiple simulations with different numbers of time points to plan your study for a
desirable within-person reliability.

Indicate the approximate average factor loadings at the between-person level. The default

The average factor loadings at the between-person level are the factor loadings we
observe from typical single-level factor analysis in between-person research. The values
vary based on the between-person reliability. By default, .70 is entered in the calculation,
but a more accurate value can be used if the actual average factor loadings can be
obtained from the literature or existing datasets.

Indicate the approximate average factor loadings at the within-person level. The default

The calculation of within-person level factor loadings requires multilevel confirmatory
factor analysis with repeated measurement data, which may not be as widely available as
between-level data. Nevertheless, if you happen to have repeated measurement data
before your research design (e.g., from a preliminary study), you may analyze the data
with multilevel CFA and enter the observed averaged factor loadings at the within-person
level. Otherwise, we recommend using a typical .70. A value of .60 may also be used for
a conservative plan.

Enter the planned number of participants.

This is where you enter your planned sample size. Again, you may try multiple
simulations with different sample sizes for a desirable reliability.

Enter the desired number of simulations. The default is 500.

The number of simulations may be increased to reduce the variability of the reliability
estimates. It takes a longer time to process a higher number of simulations.

Click the “Submit” button and run.
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Within-Person Research Web App  Expected Alpha by Design Oberved Validity Calculating Alpha
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2 3] 10
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= @ - Distribution of Between-p Alpha Estimates
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o 01 02 03 04 05 06 07 0B 08 1 § _
Approximate Average Factor Loadings at
the Within-person Level:
o m 1 -ﬁ-; T
ermm——( E
o 01 02 03 04 05 06 07 0B 08 1 8 i
Planned Sample Size:
30 @
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I T 1
500 0.80 0.85 1.00
Distribution of Within-p Alpha Estimates
_@ .
§ o
2

Figure S1(b)

Step 9: After the simulation is complete, the expected level-specific alphas will appear
underneath the “Expected Alpha” section on the right side.

Step 10: The distribution histograms of the between-person and within-person alpha estimates
will appear underneath the “Distribution of Alpha Estimates” section on the right side. The red
vertical lines represent the expected values across all the simulations.
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Figure S2

The Interface and User Guide of the Web Application to Calculate an Observed Within-
Person Validity Based on the Expected Within-Person Reliability

Within-Person Research Web App

2 Sample Size:
30

3 Number of Time Points:
H

L sl e ———
2 T 12

7 om om & a7

study level):

07

study level):

0.25

g

Expected Alpha by Design

Oberved Validity

Observed Validity:

Calculating Alpha

Statistical Significance Testing:

Expected Reliability (at the within-person

Theoretical Validity (at the within-person

AR Statistical Power to Reject the Null Hypothesis:

10

Figure S2(a)

Note. Using the web application to calculate an empirical or observed validity at the within-

person level based on the expected within-person reliability involves the following steps,
indicated by the numbers in red color in Figure S2(a) and Figure S2(b).

Step 1: Click on the tab named “Observed Validity” on the top banner.

Step 2: On the left sidebar, enter the number of participants.

The number of participants is the planned sample size for your proposed study.

Step 3: Indicate the number of measurement occasions by moving the slider.

The planned number of time points is entered here.

Step 4: Enter the expected within-person reliability, calculated from the “Expected Alpha by
Design” tab introduced in Figure S1.
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This is where you enter the expected within-person alpha that is calculated through the
simulation in the first tab.

Step 5: Enter the theoretical validity at the within-person level.

The theoretical validity at the within-person level may be found or estimated from the
existing literature. The default value is .25, which is the median value based on a
secondary analysis of a large number of within-person effect sizes retrieved from a
published large-scale review of organizational ESM studies (McCormick et al., 2020, as
cited in the main manuscript).

Step 6: Click the “Submit” button and run.
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Within-Person Research Web App  Expected Alpha by Design ~ Oberved Validity ~ Calculating Alpha
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30
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Figure S2(b)

Step 7: After clicking the “Submit” button and the calculation is done, the calculated observed
validity will appear underneath the “Observed Validity” section on the right side. In this
estimation, we assume that the reliability of the scale measuring the criterion of the focal
construct/phenomenon is (almost) perfect.

Step 8: The results of statistical significance testing will appear underneath the “Distribution of
Alpha Estimates” section on the right side.

The significant testing is based on the observed validity and other design characteristics
such as sample size and the number of time points, which affects the degrees of freedom
and hence the t-statistic and p-value.

Step 9: The results of statistical power will appear underneath the “Statistical Power to Reject the
Null Hypothesis™ section on the right side.

The statistical power is calculated based on the observed validity and the within-person
research design factors such as sample size and number of time points.
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Figure S3

The Interface and User Guide of the Web Application to Calculate Level-Specific Alpha
from a Given Dataset

Within-Person Research Web App Expected Alpha by Design Oberved Validity Calculating Alpha

2 Choose and Upload a CSV Data File (.csv): EStimatEd Alpha

Browse... | No file selected

Preview the Data:
Header

Figure S3(a)

Note. This tab of the shiny application is designed to calculate level-specific alpha from a given

dataset involves the following steps, indicated by the numbers in red color in Figures S3(a),
S3(b), and S3(c).

Step 1: Click on the tab named “Calculating Alpha” on the top banner.

Step 2: On the left sidebar, click “Browse...” to locate the dataset file. The data file should be
saved in a .csv spreadsheet. An example data file named “WPRDataExample.csv” is
provided through Open Science Framework (https://bit.ly/33zpmz2).
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Within-Person Research Web App Expected Alpha by Design ~ Oberved Validity Calculating Alpha
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Figure S3(b)

Note. Step 3: Once the data file is located and uploaded, the preview of the data will appear for
inspection under the “Preview the Data” section on the right side.

Step 4: If the uploaded data looks right in the preview section, click the “Run” button to calculate
the estimated alpha.
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Within-Person Research Web App Expected Alpha by Design Oberved Validity Calculating Alpha
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Figure S3(c)

Note. Step 5: Finally, the calculated estimated alpha will appear under the “Estimated Alpha” on
the right side, which includes the estimated alpha calculated from the data file at both the within-
person and between-person levels. Information such as number of participants (N), number of
measurement occasions (Time), and number of items (Item) will also be outputted.
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