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Abstract

Background Undergraduates' workplace learning is an important part of health sciences education. Educational
psychology research considers many different aspects of self-regulated learning at the workplace, including
cognition, motivation, emotions, and context. Multivariate longitudinal and diary studies in this field require fewer
items than alternatives or even a single item per construct and can reveal the sub-processes of workplace learning
and contribute to a better understanding of students'learning. Short instruments are necessary for application

in workplace settings, especially stressful ones, to mitigate survey fatigue. The present study aimed to assess the
psychometric properties of single items measuring various aspects of workplace learning.

Methods Twenty-nine single items selected from the Workplace Learning Inventory in Health Sciences Education
were analyzed for reliability, information reproduction, and relationships within the nomological network. The authors
additionally analyzed four generally formulated single items'relationships with the full Workplace Learning Inventory
scales and external criteria within the nomological network. Participants were 214 ninth- or tenth-semester veterinary
medicine students in Austria and Germany who were learning at varied workplaces during the winter semester of
2021/2022.

Results Of the 29 single items selected from existing scales, 27 showed sufficient reliability, but mixed results were
obtained regarding validity. Although the items’relationships within the nomological network were similar to those
of the full scales, information reproduction was insufficient for most items. The four general single items showed
acceptable validity, but the reliability of these measures of states could not be assessed.

Conclusions This paper reported findings on the psychometric properties of single items for undergraduates’
workplace learning in health science education. The findings are crucial for deciding whether to use scales versus
single-item measures in future studies. By applying the findings, researchers can be more economical in their
workplace learning data collection and can include more constructs.
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Introduction

Health sciences education has long focused on the sci-
ence of teaching, but in recent years we have seen a shift
toward the science of learning [1, 2]. This study focused
on undergraduates’ workplace learning in health sci-
ences education [3-5] from an educational psychology
perspective. Psychological theories, especially the theory
of self-regulated learning (SRL), focus on the individual
learner and view learning as a process in which cogni-
tive, motivational, emotional, and contextual aspects
are considered [6-8]. To gain a better understanding of
undergraduates’ learning processes at the workplace,
multivariate and longitudinal studies are needed. Such
studies require fewer items per construct, which helps
avoid survey fatigue and increases applicability in work-
place settings, especially stressful ones.

We assessed the psychometric properties of single-item
measures of constructs related to self-regulated learning
at the workplace and this paper discusses the items’ role
in health sciences education research. We selected some
single items from the Workplace Learning Inventory in
Health Sciences Education (WLI) [9] scales and specifi-
cally developed others using more general wording.

Self-regulated learning in the workplace

The study was based on SRL research [10, 11]. In health
sciences education, the most prominent SRL theory
is a process-based model, namely Zimmerman’s cycli-
cal phases model, which differentiates between the
forethought, performance, and reflection phases [12,
13]. Besides process-based models, there are also
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Fig. 1 The four areas of workplace SRL at the learning process level (inner
components) and the metalevel (outer components), based on Steinberg
etal. [9]
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component-based models that integrate different areas
(e.g., Pintrich’s conceptual framework for assessing moti-
vation and SRL) [14] and levels (e.g., Boekaerts’ six-com-
ponent model of SRL) [15]. The present study adopted
Steinberg et al's [9] component-based model as its con-
ceptual framework. The model integrates four areas,
namely cognition, motivation, emotion, and context,
at two levels, namely the learning process level and the
metalevel, resulting in a total of eight components (see
Fig. 1).

Cognition refers to learning strategies focused on
workplace learning [16]. Motivation means instigat-
ing and sustaining goal-directed activity [17]. Emotions
are defined within the broader concept of affect but are
distinguished from other affective phenomena, such as
moods, in that emotions are more intense, have a clearer
object focus and a more salient cause, and are typically
experienced for a shorter duration [18-20]. Context
means undergraduate medical students’ perceptions of
multiple dimensions of the educational environment in
the clinical practice setting [21]. The metalevel of cogni-
tion, motivation, emotion, and context means regulating
those respective aspects of the learning process [14, 22—
25]. For more details on the model, we refer to Steinberg
etal. [9].

Steinberg et al. identified aspects relevant to the eight
components of undergraduates’ workplace learning and
developed corresponding scales, resulting in the WLI [9],
which provides 31 scales, each comprising three to six
items. Researchers investigating workplace learning can
select the scales that are relevant to their research ques-
tions. Table 1 lists the constructs with their correspond-
ing definitions.

Van Houten-Schat et al. [13] and Roth et al. [26]
reviewed SRL research and respectively identified the
need to investigate SRL sub-processes in the workplace
to gain a better understanding of the interplay of the
different SRL aspects, as well as the need to use more
diverse methodologies in SRL research, including multi-
variate longitudinal and diary studies. Single-item mea-
sures of the WLI constructs could facilitate such studies.

Single-item measures

We summarize the discussion on the advantages and
disadvantages of using single items in scientific studies,
based on overviews provided in the literature [27-29].
Arguments in favor of the use of single items include
parsimony, which is relevant in holistic studies consid-
ering the large number of theoretical constructs, as well
as in diary studies with many measurement points and
in time-limited settings such as data collection in the
workplace. Parsimony is also associated with increased
participant motivation and cognitive involvement, result-
ing in fewer missing values and higher validity. Moreover,
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Table 1 WLI constructs and definitions (based on Steinberg et al.) [9]

Construct

Definition

Cognition
Cognitive learning strategies
Preparation
Attention

Rehearsal

Elaboration
Clarification

Consolidation

Proximal metacognitive learning

strategies
Planning
Reviewing

Reflection

Motivation

Expectancy of success

Situational interest

Mastery goal approach

Performance goal approach

Effort

Attention control

Proactive attitude
Emotion

Negative emotions

Positive emotions
Context

Organizational framework
conditions

Supervisory quality
Staff support
Peer support
Equal treatment

Cognition metalevel
Monitoring
Control

Motivation metalevel
Monitoring
Control

Emotion metalevel
Monitoring
Control

Context metalevel
Monitoring
Control

...refer to the learning and practice of professional medical activities.

...means activating knowledge as well as subject-related preparation regarding professional medical activities
before entering the clinical practice setting.

...means focusing on and learning from observing or performing professional medical activities in the clinical
practice setting.

...means repeating and memorizing important facts and/or mentally replaying important procedures in the
clinical practice setting.

...means integrating new information into one’s existing information structure in the clinical practice setting.

...means clarifying unclear aspects or asking for support regarding professional medical activities that can be
directly applied in the short run during learning in the clinical practice setting.

...means processing experiences and new knowledge regarding professional medical activities after learning
in the clinical practice setting.
...are strategies through which students learn from regulating professional medical activities.

...means anticipating and planning professional medical activities before entering the clinical practice setting.

... means briefly pausing in the clinical practice setting to assess the clarity of a professional medical activity
(and related theoretical foundations and practical processes).

...means reflecting on experiences of clinical practical activities after learning in the clinical practice setting.

...means the individuals'beliefs about how well they will do in an upcoming professional medical activity.
...means liking and willfully engaging in practicing and learning

...means focusing on attaining task-based or intrapersonal competence.

...means focusing on attaining normative competence.

...means persevering with practicing and learning even when it is difficult.

...means not getting distracted from practicing and learning.

...means seeking and taking opportunities to practice and learn.

...include fear/anxiety, frustration, anger, and sadness.
...include pride, happiness, curiosity, and hope.

...are students’ perceptions of the workplace and staff's preparedness for their integration.

...means students’ perceptions of the learning environment shaped by the supervisor.
...means students’ perceptions of the learning environment shaped by the staff.
...means students’ perceptions of the learning environment shaped by their peers.
...means students’ perceptions of the diversity culture.

...means monitoring the expediency of the implemented (meta-)cognitive learning strategies.
...means changing the cognitive learning strategies when problems are encountered.

...means monitoring the expediency of the motivation level and direction.
...means changing the motivation level and direction when problems are encountered.

...means monitoring the expediency of the emotion quality and intensity.
...means changing the emotion quality and intensity when problems are encountered.

...means monitoring whether the learning environment is perceived as supportive.

...means adapting to a difficult learning environment or changing the contextual aspects when problems are
encountered.

The table is based on Steinberg et al. [9]
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parsimony addresses researchers’ ethical commitment to
participants; that is, researchers strive not to overburden
participants and to avoid their confusion and frustration
when answering similar items. Other arguments in favor
of the use of single items are their lower ambiguity, better
interpretability, higher face validity, and reduced risk of
criterion contamination.

Arguments against the use of single items include their
lower or unknown reliability, their inability to adequately
capture complex psychological constructs, and the less
fine-grained distinctions between individuals. Hence,
single items are usually acceptable when the construct
is concrete, unidimensional, clearly defined, narrow in
scope, and used as a moderator or control variable or
when the desired precision is low [27, 28, 30]. Fisher et al.
summarized successful examples of single items used in
organizational psychology [28].

If there is uncertainty about whether a construct meets
the above requirements, validation tests can be per-
formed to ensure trustworthiness [30]. The appropriate
validation method depends on how the item was devel-
oped, that is, whether it was selected from an existing
scale or developed anew [28]. For items selected from a
scale, Gogol et al. [29] have provided the following best
practice for examining the psychometric properties: [27]
assessing the reliability, information reproduction, and
relationships within the nomological network. For newly
developed single items measuring stable characteristics
(or traits), the recommendation is to assess the test—
retest reliability [28]; however, this method is inappro-
priate for single items measuring states that are expected
to change over time, as in longitudinal studies [31]. To
provide evidence of the validity of newly developed sin-
gle items, assessing relationships within the nomological
network is recommended.

Aim

Our study aimed to examine two sets of single items
appropriate for research on undergraduate health sci-
ence students’ learning by analyzing their reliability, their
correspondence to the full scale, and their relations with
external criteria. These sets of single items could be help-
ful for economically conducting multivariate longitudinal
and intensive longitudinal studies in health workplace
settings. First, we investigated 29 single items selected
from the WLI [9]. The items address four areas of work-
place learning, namely cognition, motivation, emotion,
and context, at two levels, namely the learning process
level and the metalevel. Each of the eight components is
represented by several items, with the exception of emo-
tion on the learning process level since Duffy et al. [20]
have already provided single items for that. We system-
atically compared the single items with their correspond-
ing full scales with respect to the following measurement
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questions [29]: (1) How reliable are single-item mea-
sures? (2) How well do single-item measures reproduce
the information that the full scales obtain? (3) How well
do single-item measures reproduce the relationships with
external criteria in the nomological network that the full
scales obtain?

Second, we examined four newly developed and more
generally formulated single items measuring states rather
than traits [32]. The items represent cognition, motiva-
tion, emotion, and context at the learning process level.
Although their reliability cannot be tested, we examined
the items’ validity with respect to the following measure-
ment questions: (1) How well do single-item measures
correlate with their respective full WLI scales? (2) How
well do single-item measures relate to external criteria
within the nomological network?

Methods

Participants

The outcomes should represent a diverse population of
undergraduate health sciences students in the aspects
of cognition, motivation, emotion, and learning envi-
ronment. Consequently, we made a deliberate effort to
encompass the majority of a pertinent student cohort
from a single institution rather than distributing a ques-
tionnaire to students at different institutions, which could
have led to a biased sample predominantly comprising
highly motivated high achievers. We invited students
from a second institution to participate in achieving the
predetermined target sample size of #=200 in adherence
to a rule of thumb guideline for the minimum sample size
for confirmatory factor analysis [33].

Participants were from two higher education institu-
tions in Austria and Germany. At Institution 1, the tar-
get group comprised 200 students enrolled in a Clinical
Rotation course as part of a veterinary degree program
in which students learn in a clinical practical setting over
a relatively long period for the first time. Students take
this course in their ninth semester and rotate among
highly varied workplace settings (rotations include, e.g.,
anesthesia/imaging diagnostics, surgery, gynecology,
internal medicine, emergency department, reproduc-
tion). Although all 200 enrollees participated in the study,
13 students did not consent to their data being used for
research purposes, and 11 consenting participants had to
be excluded from further analysis owing to a high pro-
portion of missing values (>50%); the final sample size
was n=176 at Institution 1.

At Institution 2, the target group comprised about 260
students in their practical year of a veterinary degree
program. Students usually complete their practical
year during the ninth and tenth semesters and famil-
iarize themselves with various workplaces. The ques-
tionnaire was opened 91 times; thereof 38 participants
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completed more than 50% of the items and consented
to their data being used for research purposes. Combin-
ing both samples, the total sample size was n=214 (78%
[167] female[s], 21% [45] male[s], 1% [2] diverse; age:
21-41 years; M=24.79, SD=2.74). There were no statis-
tically significant differences in gender (female: 77.90%
[167] and 79.37% [170]) and age (M=24.76, SD=2.67
and M=24.56, SD=3.99) between Institutions 1 and 2,
respectively.

Measures

We tested the psychometric properties of two sets of
single items. First, the project team selected 29 single
items from the WLI’s 29 full scales [9]. The project team
comprised one professor, three senior scientists, two
clinical teachers, and two students, all working in health
science education and/or educational psychology. Single
items were selected based on content and factor loadings
(using the data of the study at hand). We preferred items
couched in broader terms and considered face validity
according to the project team’s ratings as well as those of
nine researchers in the field of health sciences education
and/or SRL who were not part of the project team. Fur-
thermore, we chose items with high factor loadings (see
Steinberg et al. [9] for details on factor loadings). Second,
we tested the psychometric properties for four generally
formulated single items representing cognition, motiva-
tion, emotion, and context on the learning process level.
The project team developed these items using established
instruments/scales and experiences with the SRL ques-
tionnaire and diary items, as well as theoretical assump-
tions. Table 2 provides an overview of the items.

To validate the single items, we used the WLI, as well
as measures of external criteria within the nomological
network, which have also been used to validate the WLI
[34-42]. A nomological network is a system of related
constructs [43]. We excluded external criteria for emo-
tions at the learning process level and context at the met-
alevel because none were available in German. Table 3
provides an overview of the measures.

Procedure

At Institution 1, the students completed the question-
naires as part of the course, as it was an exercise that
supported the course’s learning goal of “reflecting on
one’s own learning and practice” Due to the large num-
ber of items, we spread data collection over a week, and
students completed the questionnaires in the period
December 6-10, 2021, or December 13-17, 2021, using
the online survey tool unipark® [44]. Each item was
answered once. Every morning during the survey period,
the participants received an email with an invitation link
to the questionnaire and were encouraged to complete it
in the workplace.
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At Institution 2, the rectorate invited all students in
their practical year to participate in the study via an email
with a link to the online questionnaire. Students were
allowed to pause at any time and continue completing
the questionnaire later within the aforementioned period
using the online survey tool unipark® [44]. To improve
the response rate at Institution 2, participants who com-
pleted the questionnaire were entered into a raffle to win
a €50 voucher.

To avoid survey fatigue, the following steps were taken
in addition to spreading the data collection over a week:
Students were provided with targeted information about
the study’s aims and benefits; teachers gave students time
to complete the survey at their workplace; and students
received individual feedback on their results, with tips
and tricks for further developing their SRL skills.

Data analysis

We analyzed the first set of single items, which were
selected from existing scales, according to Gogol et al’s
[29] recommendations for single-item measures in psy-
chological science [27]. Accordingly, we assessed (1) the
items’ reliability by computing the coefficient o reflect-
ing the proportion of item variance accounted for by the
latent construct (Note that the items’ reliability is the
square of the standardized factor loading, see Brown (,
p.115) [45], (2) the amount of reproduced information by
computing the product—-moment correlation between the
scores obtained by the full scales and the scores for every
single item, while accounting for the overlapping error
variance, [46] and (3) relationships within the nomologi-
cal network by computing product-moment correlations
between the single-item measures and measures of exter-
nal criteria within the nomological network. Similarly,
we examined the second set of single items, which were
generally formulated, by assessing their relationships
with the full WLI scales and their relationships within the
nomological network. These items’ reliability could not
be assessed because they were not derived from a scale;
their w could not be calculated, and test—retest reliability
is inappropriate for measures of states. Note that there is
no clear cut-off separating good and poor reliability, but
it has been suggested that 0.70 is an acceptable lower
bound [47], with values between 0.65 and 0.70 consid-
ered minimally acceptable [48]. For correlations, r=.10 is
considered as small, r=.30 as medium and r=.50 as large
[49]. Analyses were conducted in Mplus 8.6 (Muthén and
Muthén, Los Angeles, California) and R 4.3.1 (R Core
Team, Vienna, Austria) [50, 51]. All analyses are based on
the significance level o =0.05.
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Table 2 Overview of single-items

Name of single  Single-item - English Single-item - German Item
item (back- and forth translation) (original) label

Cognition
general
Preparation

Attention
Rehearsal

Elaboration

Clarification

Consolidation

Planning

Reviewing

Reflection

Motivation
general

Expectancy of
success

Situational
interest

Mastery goal
approach
Performance
goal approach

Effort

Attention
control

Proactive
attitude

Emotion general
Context general

Organizational
framework
conditions

Supervisory
quality
Staff support

Peer support

Equal treatment

I am learning and practicing today in a way that will allow

me to take away as much as possible.*

Before | came to the workplace, | worked to acquaint
myself with relevant topics.

At the workplace, | stayed concentrated while conduct-
ing practical medical tasks.

At the workplace, | consciously committed important
information to memory.

At the workplace, | tried to connect the practical medical
tasks to what | had previously learned.

At the workplace, | asked for advice when something was

unclear.

After leaving the workplace (no matter if e.g., 10 min

or 2 h afterwards), | further deepened what | had learned
and practiced.

Before | came to the workplace, | thought about what
medical cases | could expect.

At the workplace, | recapitulated what | had practiced or

learned in order to determine whether everything is clear

to me.

After leaving the workplace (no matter if e.g,, 10 min
or 2 h afterwards), | reflected on what | would do differ-
ently next time.

| am motivated today.*

| am confident that this week | will be able to do what is
asked of me.

This week | found the tasks interesting.

This week it was important to me to expand my
knowledge.

This week it was important to me to practice exactly
what the instructors are looking for when evaluating my
performance.

This week | made an effort.

This week | was not concentrated while practicing and
studying.+

This week | took advantage of opportunities to gain
hands-on practice.

| am feeling good while learning and practicing today.*
I have good contextual conditions® for studying and
practicing in the clinic / workplace today.
%(organisational conditions, instructors, other students,
on-site staff, equity concerns) *

I had the impression that the clinic / facility was well-
organized, so that students encountered good contex-
tual conditions.

The instructors offered me opportunities to further
develop.

I'was supported by members of the staff working here.

| had the impression that the students support each
other.

All students were treated equally regardless of gender.

Ich lerne und Ube heute in einer Art und Weise, dass ich
maoglichst viel mitnehmen kann.*

Bevor ich in die Klinik bzw. in den Betrieb kam, habe ich mich
in relevante Themen eingearbeitet.

Vor Ort in der Klinik bzw. im Betrieb war ich bei der Durchftih-
rung von medizinisch-praktischen Tatigkeiten konzentriert.
Vor Ort in der Klinik bzw. im Betrieb habe ich mir Wichtiges
bewusst eingepragt.

Vor Ort in der Klinik bzw. im Betrieb habe ich versucht, die
medizinisch-praktischen Tatigkeiten mit dem, was ich bisher
gelernt habe, zu verbinden.

Vor Ort in der Klinik bzw. im Betrieb habe ich bei Unklarheiten
um Rat gefragt.

Nach Verlassen der Klinik bzw. des Betriebes (egal ob z.B.

10 min oder 2 h danach), habe ich das, was ich gelernt und
gelbt habe, nochmals vertieft.

Bevor ich in die Klinik bzw. in den Betrieb kam, habe ich tber-
legt, welche medizinischen Félle mich erwarten.

Vor Ort in der Klinik bzw. im Betrieb, habe ich das Gelbte oder
Gelernte rekapituliert, um festzustellen, ob mir alles klar ist.

Nach Verlassen der Klinik bzw. des Betriebes (egal ob z.B.
10 min oder 2 h danach), habe ich nachgedacht, was ich nach-
stes Mal anders machen wurde.

Ich bin heute motiviert.*

Ich bin zuversichtlich, dass ich diese Woche das, was gefordert
wird, umsetzen kann.

Diese Woche habe ich die Aufgaben interessant gefunden.
Diese Woche war es mir wichtig, mein Wissen zu erweitern.

Diese Woche war es mir wichtig, genau das zu Uben, worauf es
Lehrenden bei der Beurteilung meiner Leistung ankommt.

Diese Woche habe ich mich angestrengt.
Diese Woche war ich beim Uben und Lernen unkonzentriert.+

Diese Woche habe ich Méglichkeiten zum praktischen Uben
genutzt.

Ich fuhle mich heute gut beim Lernen und Uben.*

Ich habe heute in der Klinik bzw. im Betrieb gute Rahmen-
bedingungen? fiir das Lernen und Uben. #(Organisatorische
Rahmenbedingungen, Lehrende, Mitstudierende, Team vor
Ort, Gleichbehandlung)*

Ich hatte den Eindruck, dass die Klinik bzw. der Betrieb gut
organisiert war, so dass Studierende gute Rahmenbedingun-
gen vorfanden.

Die Lehrenden boten mir Gelegenheiten, mich
weiterzuentwickeln.

Ich hatte Unterstitzung von Personen aus dem Team, das hier
arbeitet.

Ich hatte den Eindruck, dass sich die Studierenden gegenseitig
unterstttzen.

Alle Studierenden wurden unabhangig von ihrem Geschlecht
gleich behandelt.

Pre1

Att1

Reh1

Elal

Cla1

Con1

Plal

Rev1

Ref1

EoS1

Sil1

MaA1

PeA3

Eff1

AtC1

PrA1

Ofc1

SuQ1

StS1

PeS1

EqT1
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Table 2 (continued)
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Name of single Single-item — English Single-item - German Item
item (back- and forth translation) (original) label
Monitoring This week | paid attention to whether my studying and Diese Woche habe ich darauf geachtet, ob mein Lern- und CoM1
cognition practicing behavior would help me reach my goal. Ubungsverhalten zielfihrend ist.
Control This week | changed the way | study or practice when | Diese Woche habe ich die Art und Weise, wie ich lerne oder CoC1
cognition noticed that | was not getting better. Ube, gedndert, wenn ich bemerkt habe, dass ich nicht besser
werde.

Monitoring This week | paid attention to how motivated | am. Diese Woche habe ich darauf geachtet, wie motiviert ich bin. ~ MoM1
motivation
Control This week | changed something when | noticed that | was Diese Woche habe ich etwas gedndert, wenn ich gemerkt MoC1
motivation not motivated. habe, dass ich nicht motiviert bin.
Monitoring This week | reflected on my feelings while studying and Diese Woche habe ich tber meine Gefiihle beim Lernen und EmM1
emotion practicing. Uben nachgedacht.
Control emotion  This week | changed something when | noticed that my ~ Diese Woche habe ich etwas gedndert, wenn ich gemerkt EmC1

feelings (e.g., fear or anger) were impeding me while habe, dass mich meine Gefiihle (z.B. Angst oder Arger) beim

studying or practicing. Lernen oder Uben beeintréchtigen.
Monitoring This week | reflected on what contextual conditions®ac-  Diese Woche habe ich dariber nachgedacht, welche Rahmen-  CnM1
context company my studying and practicing. bedingungen® mein Lernen und Uben begleiten.

4(organisational conditions, instructors, other students, 4(organisatorische Rahmenbedingungen, Lehrende, Mitstudie-

on-site staff, equity concerns) rende, Team vor Ort, Gleichbehandlung)
Control context  This week | changed how | study or practice in order to Diese Woche habe ich die Art und Weise, wie ich lerne oder CnC1

better adapt to contextual conditions®.
%(organisational conditions, instructors, other students,
on-site staff, equity concerns)

be, gedndert, um mich an die Rahmenbedingungen?® besser
anzupassen. %(organisatorische Rahmenbedingungen, Leh-
rende, Mitstudierende, Team vor Ort, Gleichbehandlung)

All items were administered using a unipolar 5-point Likert-type response format where 1=Does not apply at all, 2=Does not apply, 3="Partly applies, 4=Applies, and
5=Fully applies, for the control scales at the metalevel, 6=This case did not occur was also included. *Set 2: Generally formulated items. +Reverse coded. The English
translation is based on back- and forth translation performed by two different translators, as is recommended for translating questionnaires. The table is based on

Steinberg et al., to whose work the item labels also refer [9]

Results

Table 4 provides an overview of the detailed results, after
which we summarized the results for the 29 single items
selected from the full WLI [9] scales, as well as those for
the four generally formulated single items.

Single items selected from full scales

The following paragraphs summarize the results for the
29 single items selected from full scales. Twenty items
showed acceptable reliability (©>0.70), seven showed
minimally acceptable reliability (#=0.65 to ®=0.70), and
two showed unacceptable reliability (w<0.65) [48]. Of
the 29 reliability values for the single items, eight differed
significantly from the corresponding full-scale value but
showed minimally acceptable to relatively high values
(ranging from w=0.67 to =0.83).

Regarding information reproduction, the single items
showed low to substantial correlations (corrected for
shared error variance) [34] with the corresponding full
scales, with r ranging from 0.20 for reviewing to 0.79 for
monitoring on the emotion metalevel. Of the 29 correla-
tions, 27 values were below 0.70, indicating insufficient
information reproduction (we considered less than 50%
information reproduction to be insufficient; information
reproduction expressed as a percentage is the square of
the correlation values); two values were above 0.70, indi-
cating substantial information reproduction.

Regarding the relationships of the selected single items
within the nomological network, the items showed pat-
terns that were similar to those of the full scales in terms
of their correlations with the external criteria, but the
correlations were significant less often. A similar pat-
tern was reflected in the small mean absolute differences
between the correlations obtained for the full scales and
single items (between —0.03 for all cognition metalevel
aspects and 0.09 for all contextual aspects). The respec-
tive differences in the correlations ranged from —0.25 to
0.28, but only 7 of the 124 correlations between the single
items and the external criteria differed significantly from
the correlations between the corresponding full scales
and these external variables. See Table 5 for an overview
of the results.

Generally formulated single items

The following paragraphs summarize the results for the
four general single items shown in Table 4 (cognition
general, motivation general, emotion general and context
general). The correlations between the generally formu-
lated single items (see lines “correlation with ... general”)
and their respective full scales (see columns “FS”) ranged
between 0.16 and 0.51 for general cognition, —0.51 and
0.67 for general motivation, —0.54 and 0.66 for general
emotion and 0.21 and 0.74 for general context.
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Component Set 1 - single-item
measures selected

from full WLI scales

Set 2 - generally
formulated single-
item measures
(newly developed)

Full WLI scales (num-
ber of items)

Scales measuring external criteria (number of items)

Cognition
Cognitive Preparation
learning Attention
strategies Rehearsal
Elaboration
Clarification
Consolidation
Proximal meta-  Planning
cognitive learn-  Reviewing
ing strategies Reflection

Motivation Expectancy of success
Situational interest
Mastery goal approach
Performance goal
approach
Effort
Attention control
Proactive attitude

Emotion

Context Organizational frame-
work conditions
Supervisory quality
Staff support
Peer support
Equal treatment

Cognition Monitoring

metalevel Control

Motivation Monitoring

metalevel Control

Emotion Monitoring

metalevel Control

Context Monitoring

metalevel Control

Cognition general

Motivation general

Emotion general

Context general

Preparation (4)
Attention (5)
Rehearsal (5)
Elaboration (5)
Clarification (5)
Consolidation (5)
Planning (5)
Reviewing (5)
Reflection (5)
Expectancy of success
(5)

Situational interest (5)
Mastery goal approach
(5)

Performance goal ap-
proach (5)

Effort (3)

Attention control (3)
Proactive attitude (5)
Negative emotions (4)
Positive emotions (4)
Organizational frame-
work conditions (5)
Supervisory quality (6)
Staff support (5)

Peer support (5)

Equal treatment (4)
Monitoring (5)
Control (5)

Monitoring (5)
Control (5)

Monitoring (5)
Control (5)

Monitoring (5)
Control (5)

Organization (3)
Elaboration (3)

Critical review (3)
Rehearsal (3)

Literature research (3) [34]

Goalsetting/Planning (6)

Control (6)

Regulation (8) [35]

Self-efficacy (4) [35]

Learning goal approach (4)
Performance goal approach (4)
Performance goal avoidance (4) [36]
Attention control (3) [35]

Perception of teachers (11)
Perception of atmosphere (12) [38, 39]

Goalsetting/Planning (6)

Control (6)

Regulation (8) [35]

Increasing situational interest (5)

Increasing personal value (3)
Performance-goal-approach oriented self-instruction (5)
Self-rewarding (4)

Mastery-goal-approach oriented self-instruction (4)
Controlling learning environment (3)
Performance-goal-avoidance oriented self-instruction (3)
Setting subgoals (3) [40]

Self-incrimination (Self-blame) (3)

Acceptance (3)

Rumination (3)

Positive refocusing (3)

Refocus(ing) on planning (3)

Positive reevaluation (reappraisal) (3)

Relativize (putting into perspective) (3)

Catastrophize(3)

Accusing (blaming) others (3) [41, 42]

2Items and response formats for external criteria were slightly adapted from the original questionnaires, where necessary (e.g., “At school” was replaced by “In my

studies”)

bTo avoid overextending the students, all scales were administered using the same 5-point Likert scale, where 1=Does not apply at all, 2=Does not apply, 3=Partly
applies, 4=Applies, and 5=Fully applies, except for the emotion component, for which 1=Not at all, 2=A little, 3=Moderately, 4=Fairly, and 5=Very much
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Reliability? Recommendation for interpreta- Relationship
tion of results based on information within the
reproduction® nomological

network

Name of the single item

Cognition (general) - - Acceptable
Preparation Acceptable Single item wording Acceptable
Attention Acceptable Single item wording Acceptable
Rehearsal Minimally acceptable Single item wording Acceptable
Elaboration Acceptable Single item wording Acceptable
Clarification Acceptable Single item wording Acceptable
Consolidation Minimally acceptable Single item wording Acceptable
Planning Acceptable Single item wording Acceptable
Reviewing Not acceptable Single item wording Acceptable
Reflection Acceptable Single item wording Acceptable
Motivation (general) - - Acceptable
Expectancy of success Acceptable Single item wording Acceptable
Situational interest Acceptable Single item wording Acceptable
Mastery goal approach Acceptable Single item wording Acceptable
Performance goal approach Acceptable Single item wording Acceptable
Effort Acceptable Single item wording Acceptable
Attention control Acceptable Single item wording Acceptable
Proactive attitude Acceptable Single item wording Acceptable
Emotion (general) - - Acceptable
Context (general) - - Acceptable
Organizational framework conditions Sufficient Single item wording Acceptable
Supervisory quality Minimally acceptable Single item wording Acceptable
Staff support Acceptable Single item wording Acceptable
Peer support Minimally acceptable Single item wording Acceptable
Equal treatment Acceptable Single item wording Acceptable
Monitoring cognition Sufficient Single item wording Acceptable
Control cognition Not acceptable Single item wording Acceptable
Monitoring motivation Acceptable Single item wording Acceptable
Control motivation Minimally acceptable Single item wording Acceptable
Monitoring emotion Acceptable Construct definition Acceptable
Control emotion Minimally acceptable Single item wording Acceptable
Monitoring context Acceptable Construct definition Acceptable
Control context Minimally acceptable Single item wording Acceptable

2A reliability value of 0.70 is considered an acceptable lower bound, and values between 0.65 and 0.70 can be considered minimally acceptable. Reliability and
information reproduction values cannot be calculated for general items

BIn cases of limited information reproduction, the recommendation is to refer to the narrower formulation of the single item rather than to the broader formulation
of the construct definition for study design and interpretation of the results

Regarding the general single items’ (see column “.. gen-
eral”) relationships within the nomological network (see
lines below “correlation with external criteria”), the items
showed low to substantial correlations with external cri-
teria. Analyses showed significant correlations between
the general cognition single item and the external crite-
rion elaboration (r=.22), single-item general motivation
and the external criterion learning goal approach, and
single-item general context and the external criteria per-
ception of teachers (r=.61) and perception of atmosphere
(r=.68). See Table 5 for an overview of the results.

Discussion

In this study, we analyzed the psychometric properties
of single items measuring different aspects of under-
graduate health sciences students’ self-regulated learning
(SRL) in the workplace. First, we assessed the psychomet-
ric properties of 29 single items selected from full WLI
scales [29], of which 27 items showed sufficient reliabil-
ity; however, the results regarding validity were heteroge-
neous. Second, we assessed the psychometric properties
of four generally formulated single items [28], which
showed acceptable validity, although their reliability
could not be assessed. Consequently, this study provides
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evidence to inform decision-making regarding whether
to use single-item measures rather than full scales when
investigating the various aspects of workplace learning.

Single items’ psychometric properties

Reliability was acceptable for most of the 29 single items
selected from the WLI. The broad range of reliability
results is in line with Gogol et al. [29], who found low-
reliability values for different types of academic anxi-
ety and low- to acceptable-reliability values for different
types of self-concept. If higher reliability is desired, single
items can be used as daily measures aggregated to weekly
measures in diary studies.

Regarding the items’ validity in terms of information
reproduction, 27 of the 29 selected single items showed
limited validity. This result aligns with Gogol et al. [29],
who also found low correlations of their anxiety single
items with the corresponding full scales (but acceptable
correlations of their self-concept single items with the
corresponding full scales). The possible reasons for low
information reproduction are manifold [52]. For exam-
ple, the constructs might be too complex [27, 52], and the
items may not be representative [28, 29]. That could be
the case for the single-item of the construct ‘reviewing,
whose information reproduction was particularly low.
Additionally, the response format might not have enough
categories and might, therefore, lack sufficient sensitiv-
ity [27]. We recommend cautious interpretation of such
items, particularly if the items used do not represent the
construct, as defined above. For example, although plan-
ning, as defined in Table 1, includes both anticipation and
planning, the corresponding single item only addresses
anticipation, necessitating a narrow interpretation using
the single item’s wording.

The 29 single items selected from the WLI showed
acceptable validity in terms of similar relationships with
external criteria of the nomological network compared to
the full scales. Similarly, the absolute differences between
the correlations obtained for the full scales and those for
the single items were small. The range of mean absolute
differences is similar to Gogol et al’s [29].

For the four newly developed single items, we ana-
lyzed how well they correlated with their correspond-
ing WLI full scales and with the external criteria within
the nomological network. In summary, the correlations
were as expected. For example, the correlations of ‘cog-
nition general’ or ‘motivation general’ with their respec-
tive full scales were significant while the correlation with
external criteria were not always. This is plausible as the
respective full scales were developed for the workplace
setting while the scales that measured external criteria
were developed for the classroom setting. In contrast, the
correlations of ‘context general’ with both respective full
scales and external criteria were significant as both were
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developed for the workplace setting. This study’s results
should be used to interpret future studies’ results derived
from the newly developed single-item measures. For
example, the generally formulated single item “I am moti-
vated today” showed a high correlation with situational
interest and the mastery goal approach but a low correla-
tion with the expectancy of success. Hence, the item rep-
resents the value rather than the expectancy component
of motivation.

For constructs where the single items’ psychometric
properties are insufficient, we recommend the use of
full scales, such as for ‘reviewing’ and ‘control cognition’
which have low reliability or for further constructs if it
is important to include multiple facets of the construct.
However, researchers often need to balance the number
of constructs measured with ethical standards to avoid
overburdening participants, as well as to obtain complete
and valid data. Several scenarios might justify the use of
single items with limited information reproduction: (1)
when the single item represents a control or modera-
tor variable [30], (2) when a narrower definition of the
construct is justified and the item represents the study’s
aspect of interest [27], or (3) when the measure’s desired
precision is low [28, 30].

Strengths, limitations, and implications

Our study’s strength is its rigorous methodology to test
the psychometric properties of 33 single items [28, 29].
Furthermore, our data represent students’ heterogeneity
in terms of cognition, motivation, and emotions, as we
collected the data from an almost full cohort of students
at one institution. The data also represent heterogeneous
learning environments, as the students were in very dif-
ferent workplace settings.

A limitation is that our respondents were from two
institutions only. This was necessary because we aimed
to collect high-quality data using rigorous implemen-
tation management, such as ensuring support from all
stakeholders and adequate time for the respondents to
complete the questionnaires at the workplace. Further-
more, although preliminary analysis showed measure-
ment invariance regarding gender, this result is limited
due to the limited number of male participants. Future
studies need sufficient participants to test for measure-
ment invariance. Another limitation is the self-report
aspect of our measurement instrument, as the reported
information can sometimes differ from actual lived expe-
riences [53, 54]. This study was an important first step
in assessing the psychometric properties of single items
for measuring different aspects of health sciences under-
graduates’ SRL at the workplace. Further research should
validate the items using alternative measures for compar-
ison. Furthermore, items with different wording should
be tested to improve the quality of the single items [28].
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The scientific implication of our study lies in its pro-
vision of evidence to inform decision-making regard-
ing whether to use scales versus single-item measures to
investigate undergraduates’ workplace learning in health
sciences education. This study took a very differentiated
view of SRL by providing items on its various aspects.
Such a differentiated view with corresponding single
items enables future researchers to investigate SRL sub-
processes. However, the use of single items also makes
it possible to consider several aspects of SRL simulta-
neously and thus take a more holistic view of SRL. This
allows researchers to be more economical in their data
collection and to include more constructs. It also sup-
ports multivariate longitudinal and diary studies of work-
place learning.

The research’s practical implication is its contribution
to building scientific evidence that can serve as a founda-
tion for developing interventions to enhance workplace
learning. The single items can be used for screenings to
further probe cognition, motivation, emotions, and con-
texts in workplace learning within a particular cohort
toward the evaluation of different workplace learn-
ing curricula. The items can also be used for learning
analytics.

Conclusion

The present study has enhanced knowledge of the psy-
chometric properties of single items measuring different
aspects of undergraduates’ self-regulated learning (SRL)
at the workplace. Most single-items showed acceptable
reliability but the results regarding validity were mixed.
While the single-items reproduced the relationships with
external criteria in the nomological network that the full
scales obtain, most single-items insufficiently reproduced
the information that the full scales obtained. The results
provide evidence for health sciences education research-
ers to decide between using full scales and single items.
The present study supports further investigation of health
sciences undergraduates’ SRL at the workplace.
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