
This document is downloaded from DR‑NTU (https://dr.ntu.edu.sg)
Nanyang Technological University, Singapore.

Assessing How Students Learn in Team‑Based
Learning: Validation of the Knowledge
Re‑Consolidation Inventory

Ahn, Hyun Seon; Rotgans, Jerome Ingmar; Rajalingam, Preman; Lee, Rebekah Jian Jia; Koh,
Juliana Ying Yun; Low‑Beer, Naomi

2017

Ahn, H. S., Rotgans, J. I., Rajalingam, P., Lee, R. J. J., Koh, J. Y. Y., & Low‑Beer, N. (2017).
Assessing How Students Learn in Team‑Based Learning: Validation of the Knowledge
Re‑Consolidation Inventory. Health Professions Education, 3(2), 118‑127.

https://hdl.handle.net/10356/87042

https://doi.org/10.1016/j.hpe.2017.10.001

© 2017 King Saud bin Abdulaziz University for Health Sciences. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY‑NC‑ND license
(http://creativecommons.org/licenses/by‑nc‑nd/4.0/).

Downloaded on 23 May 2023 10:27:43 SGT



Available online at www.sciencedirect.com

Health Professions Education 3 (2017) 118–127
http://dx.doi.org
2452-3011/& 20
article under the

⁎Correspondin
E-mail addre

☆Peer review
for Medical Edu
www.elsevier.com/locate/hpe
Assessing How Students Learn in Team-Based Learning: Validation
of the Knowledge Re-Consolidation Inventory$

Hyun Seon Ahn⁎, Jerome I. Rotgans, Preman Rajalingam, Jian Jia Rebekah Lee,
Ying Yun Juliana Koh, Naomi Low-Beer

Lee Kong Chian School of Medicine, Nanyang Technological University, Novena Campus HQ, 11 Mandalay Road, Singapore 308232, Singapore

Received 29 September 2017; received in revised form 10 October 2017; accepted 10 October 2017
Available online 17 October 2017
Abstract
Purpose: The purpose of the present study was to establish the construct validity of a new instrument to measure psychological
learning processes associated with Team-based learning (TBL), the Knowledge Re-Consolidation Inventory (KRCI). The
instrument was designed to measure six factors: (1) self-guided preparation, (2) knowledge consolidation, (3) retrieval practice,
(4) peer elaboration, (5) feedback, and (6) transfer of knowledge.
Method: Two samples were taken, consisting in total of 197 first- and second-year medical students from Singapore. To establish
the construct validity of the KRCI, two confirmatory factor analyses were conducted (CFA). First, an exploration sample (N¼90)
was taken from the second-year medical students to conduct a preliminary CFA, and it resulted in elimination of items with poor
psychometric properties. A confirmatory sample (N¼107) was then taken from the first-year medical students to conduct a second
CFA to cross-validate the KRCI with reduced items.
Results: From the original 38 items, 16 remained. The resulting model fitted the data well. The second CFA with the cross-
validation sample replicated the findings of the first analysis and supported the factorial structure of the hypothesised six-factor
model. Tests of factorial invariance demonstrate that the factorial structure of the KRCI was stable across measurements.
Discussion: The results of the study suggest that the KRCI is a valid and reliable instrument capable of measuring the six
psychological mechanisms underlying TBL.
& 2017 King Saud bin Abdulaziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Since the early 2000s, an increasing number of
educational institutions worldwide have adopted Team-
based learning (TBL) as their instructional strategy, 1–3
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phases.5 The first phase is the preparation phase and
it occurs before the actual TBL session. During this
phase, students study the assigned learning resources to
prepare themselves for the topic to be discussed during
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phase which allows students to test their knowledge and
understanding; first individually by means of an iRAT
(individual readiness assurance test, where students
attempt the multiple-choice questions individually) and
then within the team by means of the tRAT (team
readiness assurance test, which is the same as the iRAT
but it is discussed within the team). During the tRAT,
teams receive immediate computer-based feedback on
the correctness of the answers chosen, and the teams
engage in a class discussion to clarify the most difficult
questions and seek clarification from the teacher. The
teacher also provides elaborative feedback to the
students. The third phase is the application phase.
During this phase, students are presented with case
studies or vignettes that deal with real-world problems
faced by professionals in the field. Students in their
teams have to apply what they have learnt during the
first two phases. Answers are then discussed in class
and the teacher provides additional explanations and/or
a summary of what was learnt.

Studies suggest that this instructional approach is
capable of expanding students’ conceptual and proce-
dural knowledge,6–8 which contributes to better perfor-
mance,2,4,9,10 better critical thinking and problem-
solving skills,6–8,11,12 and at the same time, improves
their interpersonal skills such as communication,
teamwork, and leadership skills.8,12,13 Despite the
growing popularity of TBL and the emerging evidence
that it is an effective instructional approach, little is
known about its inner workings. What are the
psychological mechanisms that govern TBL and which
particular mechanism is conducive for learning? These
are questions that have not been empirically addressed.

Schmidt and colleagues14 have recently proposed a
theoretical framework describing the underlying psycho-
logical mechanisms of TBL. They suggest that there are
six distinct psychological mechanisms, which coincide
with the distinctive phases and features of TBL. These
mechanisms are: (1) Guided self-preparation, which
corresponds to the preparation for a TBL session (similar
to the flipped classroom concept15). Preparation occurs
prior to classroom time, where students are provided
with pre-reading materials for initial self-directed
acquisition of knowledge. The second mechanism is
(2)Memory consolidation. Memory consolidation occurs
after knowledge encoding, mainly during sleep, whereby
the newly acquired memory is stabilised, enhanced, and
integrated with pre-existing long-term knowledge net-
works.16–18 In TBL, students typically have at least
24 hours between preparation and the TBL session and it
is assumed that a good night's sleep will allow for
memory consolidation at the synaptic level. The third
mechanism is (3) Retrieval practice, which corresponds
to the iRAT. Retrieval practice is the act of retrieving
information from long-term memory,19 which occurs
when students attempt the iRAT during TBL as they
have to retrieve what they have learnt previously when
they prepared for the session. Research has shown that
having an opportunity to retrieve knowledge from
memory enhances learning because it enhances the
extent to which knowledge is embedded (and re-
embedded) in memory.19–21 The fourth mechanism is
(4) Peer elaboration, which corresponds to the tRAT.
Peer elaboration refers to “collaborative and co-opera-
tive” learning in which students’ engage in mutual
teaching and learning within peer groups,22,23 discern-
ibly improving learning and understanding.24 This
occurs during tRAT when students in TBL discuss the
answer options to the iRAT. The fifth is (5) Feedback,
which corresponds to burning questions after tRAT (also
referred to as “written team appeal”). Receiving feedback
that is specific and timely has been shown to have a
positive effect on learning because it helps to clarify
misconceptions and stimulate deeper processing of
information.25 It also encompasses positive reinforce-
ment.26 The sixth mechanism is (6) Transfer of knowl-
edge, which corresponds to the application exercises.
Transfer is broadly referred to as applying one's
knowledge to new, unfamiliar contexts.27,28 This is
encouraged during TBL when students engage with the
application exercises. During these exercises, students
have to apply what they have learnt to new contexts and
situations to solve novel problems.

Although Schmidt et al.14 provide a first account of
the psychological basis for TBL, it should be noted that
their proposal is theoretical in nature; currently there is
only limited empirical evidence available for the
knowledge re-consolidation theory that stems directly
from TBL research. What is needed at this point is an
instrument that is capable of adequately measuring
these six psychological mechanisms. This would not
only enable testing the knowledge re-consolidation
theory, but also provide deeper insights into the inner
workings of TBL.

Reviewing the TBL literature in search of suitable
instruments, it becomes apparent that there are not
many instruments available. We were only able to find
two validated instruments in the Web of Science
database. Vasan and his colleagues29 developed a 15-
item questionnaire to measure medical undergraduate
students’ perceptions of TBL and teamwork. Eight of
the items assess perceptions of TBL, (e.g., TBL helped
me prepare for course examinations) and the other
seven items assess perceptions of teamwork (e.g., I
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contributed meaningfully to the TBL discussions). This
questionnaire was recently cross-validated with a
different sample of medical students.30 In addition,
Mennenga31 also developed a questionnaire for use in
nursing education, known as the Team-Based Learning
Student Assessment Instrument. This instrument was
designed to measure students’ preference for TBL, their
satisfaction with TBL, and accountability to prepare for
and participate in TBL.31,32 This instrument consists of
33 items (e.g., I enjoy team-based learning activities;
During traditional lectures, I often find myself thinking
of nonrelated things; and Team-based learning makes
me accountable).

Examining the sub-scales and items of these instru-
ments, it becomes apparent that they were designed, not
to measure specific psychological processes underlying
TBL, but rather to measure generic attitudes towards
TBL, such as students’ satisfaction with TBL and how
they feel accountable for learning in TBL. None of these
questionnaires and their sub-scales measure relevant
psychological mechanisms that we are interested in, such
as retrieval practice or transfer of learning. Therefore,
these questionnaires cannot be used as measures of the
knowledge re-consolidation theory.

To address this issue, the objective of the present
study was to devise a new rating scale, the Knowledge
Re-Consolidation Inventory (KRCI), and to validate it
for use in TBL. We chose a top-down approach, which
required generating items from the six psychological
mechanisms proposed by the knowledge re-consolida-
tion theory. Subsequent construct validity of the KRCI
was established in two stages involving two cohorts of
medical students. The first stage involved conducting a
confirmatory factor analysis (CFA) with all items that
had been generated for the KRCI (n¼38). The intent of
this stage was to identify and exclude items with poor
Fig. 1. An overview of the TBL and KRCI ad
psychometric properties (Study 1). The objective of the
second stage was to cross-validate the derived factor
structure of the KRCI during phase 1 by means of a
second CFA with a different sample (Study 2). For
Study 1 and 2, the KRCI was administered during
actual TBL sessions. More precisely, each subscale was
administered after a distinctive TBL activity (e.g.,
retrieval practice after the iRAT, see Fig. 1 for details).
The purpose of this was to adequately capture the
psychological mechanisms as they happen. For Study 2,
we also administered the KRCI retrospectively, at the
end of the TBL session. This enabled us to explore if
the factorial structure of the KRCI is invariate between
these types of administrations, which adds to the
validity of the instrument.

2. Study 1: exploration study

In the present study, we applied a top-down approach
to questionnaire construction.33–35 This entailed using
the knowledge re-consolidation theory to generate
items that are intended to measure each of the six
factors. As the main objective of Study 1 was to find the
best items and the best fitting measurement model for
KRCI, substantially more items were generated for the
scale in this study as it would allow for elimination of
items with poor psychometric properties.

2.1. Method

2.1.1. Participants
Ninety second-year medical students from the Lee

Kong Chian School of Medicine in Singapore partici-
pated (57 male, 33 female). Ages ranged between 19 and
22 years, with an average age of 20 years (SD¼ .90).
This particular medical school uses TBL as its main
ministration processes for Study 1 and 2.
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pedagogical approach for the year 1 and year 2 medical
students. On average, students had to attend two TBL
sessions per week. All students were required to use a
tablet or laptop during the TBL session.

2.1.2. Knowledge Re-Consolidation Inventory (KRCI)
The KRCI was derived from the knowledge re-

consolidation hypothesis and resulted in an initial pool
of 38 items. There were six guided self-preparation
items, six knowledge consolidation items, six retrieval
practice items, seven peer elaboration items, seven
feedback items, and six transfer of knowledge items.
See Appendix A. Students responded to the survey
items on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree).

2.2. Procedure

All participants were informed about the purpose of
the study. Participation was voluntary and responses
were anonymous. The survey was administered during
a regular TBL class over the duration of one day. As
shown in Fig. 1, participants were instructed to
complete the sub-scales of the KRCI at critical points
during the TBL class and not at the end, as it is
typically done. The reasoning behind this approach was
that we wanted to measure the psychological mechan-
isms as they unfold in the situation and not retro-
spectively. For instance, the retrieval practice subscale
was administrated to students after they had completed
the individual readiness assessment test (iRAT). By
doing so, it was expected to increase accuracy for the
measurement. All survey items were written in English
and were administered online via Qualtrics. The
institutional review board of Nanyang Technological
University had approved the study.

2.3. Analysis

A confirmatory factor analysis (CFA) was conducted
to examine whether the data fitted the hypothesised
factor structure, which consisted of six latent variables
with its indicator variables. To determine the model fit,
Tucker-Lewis index (TLI) and comparative fit index
(CFI) values greater than .90, and a root mean square
error of approximation (RMSEA) less than .06 were
taken as indicators of adequate model fit.36 Values from
the Akaike information criterion (AIC) and chi-square
difference test were also used to compare the relative fit
of the different models. These values are used especially
in comparisons of factor structure between six-factor and
single-factor solution. A lower AIC value indicates a
better trade-off between fit and complexity.37 The
analysis was conducted using IBM SPSS AMOS 21.0.
The reliability of the measure was determined by
calculating Hancock's coefficient H.38

The coefficient H is a construct reliability measure
for latent variable systems that represents a relevant
alternative to the conventional Cronbach's alpha.
According to Hancock and Mueller,38 the usefulness
of Cronbach's alpha and related reliability measure is
limited to assessing composite scales formed from a
construct's indicators, rather than assessing the relia-
bility of the latent construct itself as reflected by its
indicators. The coefficient H is the squared correlation
between a latent construct and the optimum linear
composite formed by its indicators. Unlike other
reliability measure, the coefficient H is never less than
the best indicator's reliability. In other words, a factor
inferred from multiple indicator variables should never
be less reliable than the best single indicator alone.
Hancock and Mueller38 recommended a cut-off value
for the coefficient H of .70.

In addition to conducting the CFA, we examined to
which extent the six latent variables were correlated.
The correlations provide important information because
if the correlations are low, it indicates that there are six
distinct factors with little conceptual overlap. A more
advanced statistical test is to examine whether the six-
factor model results in a significantly better model fit as
compared to a one-factor model in which all remaining
items load on one single factor. If the six-factor solution
results in a significantly better model fit, it is supportive
evidence that the instrument and its items measure six
distinct constructs.

2.4. Results and discussion

An initial six-factor CFA model with all 38 items
produced a poor model fit, χ2 (650, N¼90)¼1154.47,
po .001 (CFI¼ .68, TLI¼ .65, RMSEA¼ .09). Items
with large modification index, non-significant factor
loadings, or factor loadings of less than .70 were
removed. After deleting the initial set of items, the CFA
model with the remaining 16 items produced acceptable
fit indices: χ2 (90, N¼90)¼129.22, po .01 (CFI¼ .94,
TLI¼ .92, RMSEA¼ .07). The 16-item model resulted
in a significantly better fitting model as compared with
the initial 38-item model: Δχ2 (560, N¼90)¼1025.25,
po .001. See Appendix A for more details about the
standardized factor loadings for the final set of items in
the six-factor model.

To test the reliability of the KRCI, we generated the
coefficient H for each subscale. The coefficients H were
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.81 for guided self-preparation, .90 for knowledge
consolidation, .88 for retrieval practice, .81 for peer
elaboration, .91 for feedback, and .72 for transfer of
knowledge. Overall, these values suggest that the KRCI
is a reliable instrument.

Next, we explored the correlations between the six
KRCI sub-scales. See Table 1 for details. Except for the
guided self-preparation and knowledge consolidation,
all psychological mechanisms of KRCI sub-scales had
weak to moderate correlational relationships with each
other (.28rrr .76). The low to moderate correlation
between six KRCI sub-scales indicate that six sub-
scales are distinguishable and measure different con-
structs.
Table 2
Model fit and model comparison for Study 1 and Study 2.

Model Description χ2

Study 1 (N¼90)
1 Six-factor modela 129.221
2 Single factor model 460.336

Study 2: Administration during TBL (N¼107)
1 Six-factor model 164.358
2 Single factor model 511.563

Study 2: Administration after TBL (N¼107)
1 Six-factor model 142.120
2 Single factor model 350.496

Measurement invariance comparison

Study 2: During TBL vs. After TBL
Baseline 2-group model, no constraints 306.477
Factor loadings constrained to be equal across occasions 322.632

aError variance of the item indicator (e.g., “I prepare well for this sessio
***po .001

Table 1
Descriptive statistics and correlation coefficients among latent vari-
ables for Study 1.

1 2 3 4 5 6

1 Guided self-preparation –

2 Knowledge consolidation −.05 –

3 Retrieval practice .08 −.10 –

4 Peer elaboration .07 −.19 .28 –

5 Feedback .11 .12 .21 .44 –

6 Transfer of knowledge .01 .09 .37 .76 .51 –

M 3.45 2.86 4.04 4.13 3.79 3.92
SD .64 .88 .54 .53 .58 .55
Hancock's coefficient H .81 . 90 .88 .81 .91 .72

Note. Correlation coefficients greater than .21 in absolute value are
significant at the .05 level. Response scales ranged between 1 and
5 for the six psychological mechanisms of TBL.
To further test whether there are six distinct factors,
we compared the model fit between a six-factor and the
single-factor model (see Table 2). Using the chi-square
difference test, the single-factor model in which all 16
items loaded on one factor was compared to the initial
six factors model. The results of the difference in chi-
square test revealed that the six-factor solution resulted
in a significantly better model fit than the one-factor
model χ2 (14, N¼90)¼331.12, po .001. This suggests
that the six factors are distinguishable and measure
different psychological mechanisms.

Taken together, the results suggest that the 16-item
KRCI is a valid and reliable instrument to measure the
six psychological mechanisms as proposed by the
knowledge re-consolidation theory.
3. Study 2: confirmation study

In Study 1, we used an explorative approach to find
the best factor structure for the measurement model of
the KRCI. However, it is not sufficient to merely
establish an adequate model fit, by means of a CFA,
with the same data used for the exploration. Instead,
one has to cross-validate the derived factor structure
with an independent sample.39 This comes down to
conducting a second CFA with a new set of data to
examine if equally good model fit statistics can be
generated. Conducting this confirmation study was the
objective of Study 2.
df CFI TLI RMSEA [90% CI] AIC Δχ2 (Δdf)

90 .94 .92 .07 [.04, .10] 221.22
104 .50 .36 .20 [.18, .22] 524.34 331.12(14)***

89 .91 .88 .09 [.07, .11] 258.36
104 .52 .44 .19 [.18, .21] 575.56 347.21(15)***

89 .94 .92 .08 [.05, .09] 236.12
104 .73 .69 .15 [.13, .17] 414.50 208.38(15)***

178 .93 .90 .06 [.05, .07] –

188 .92 .90 .06 [.05, .07] – 16.16(10)

n.”) was fixed to .10 for the six-factor model in Study 1.
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3.1. Method

3.1.1. Participants
One hundred and seven first-year medical students

participated (70 male, 36 female, 1 unknown). Age
ranged between 18 and 21 years, with an average of
19 years (SD¼ .94).
3.1.2. KRCI scale
The 16-item KRCI scale, which was validated in

Study 1, was used in this study. The final items for each
sub-scale were as follows: (1) Self-guided preparation
(2 items; “I prepare well for this session”, “I was
thorough in my preparation for this session”); (2) Knowl-
edge consolidation (3 items; “I was well-rested when I
came to this session”, “I did not get enough sleep”, “I feel
tired going into this session”); (3) Retrieval practice (2
items; “I had regular opportunities to test my knowledge
during this session”, “I was quizzed regularly during this
session”); (4) Peer elaboration (3 items; “I regularly
engaged in discussions with my peers during this
session”, “I had opportunities to discuss difficult concepts
with other students”, “I could ask other students
questions about the topics we learnt”); (5) Feedback
(4 items; “The teacher provided feedback that was useful
for my understanding”, “The teacher reinforced important
concepts”, “Feedback from the teacher helped me learn”,
“The teacher clarified misconceptions”); and (6) Transfer
of knowledge (2 items; “My knowledge was often
stretched to solve novel problems”, “I used my acquired
knowledge to solve complex problems”). Students
responded to the survey items on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree).
Table 3
Descriptive statistics and correlation coefficients among latent variables for

1 2 3 4

1 Guided self-preparation – .32 .35 .30
2 Knowledge consolidation .38 – .15 .19
3 Retrieval practice .55 .42 – .40
4 Peer elaboration .47 .25 .77 –

5 Feedback .45 .33 .86 .77
6 Transfer of knowledge .59 .49 .93 .78

M 3.60 3.01 4.17 4.40
SD .91 .97 .56 .54
Hancock's coefficient H .85 .83 .88 .86

Note. Correlation coefficients for after TBL administration are presented be
above the diagonal. Means, standard deviations, and Hancock's coefficients
those for during TBL administration are presented in the vertical columns. C
absolute value are significant at the .05 level. Response scales ranged betw
3.2. Procedure

The same procedure as in Study 1 was applied to
participants in Study 2 (see Fig. 1). The survey was
administered at a regular TBL class via Qualtrics.
However, different to the administration in Study1 was
that we administered one additional KRCI at the end of
the TBL session with the instruction to think back of
their experiences during this session when responding
to the questionnaire. This was done to explore if the
factor structure of the KRCI is consistent during
different administrations (i.e., during and after TBL).
If it is invariate, it demonstrates that the KRCI is a valid
instrument that can be administered both during or after
TBL.
3.3. Analyses

We first conducted a CFA with IBM SPSS AMOS
21.0 to cross-validate the KRCI with a different sample.
Hancock's coefficient H was also generated to test the
reliably of the sub-scales. In addition, multi-group
confirmatory factor analysis was conducted to test the
measurement invariance of the KRCI scale across the
two different times of scale administration (i.e., during
and after TBL). The invariance test was conducted by
comparing the difference in chi-square value between
an unconstrained and constrained model in relation to
the difference in degrees of freedom. Models are
constrained by equating the factor loadings between the
KRCI during TBL and KRCI after TBL. If the chi-
square test is not significant, it suggests that the
factorial structure between both measurements is
invariate.39
Study 2.

5 6 M SD Hancock's coefficient H

.10 .46 3.46 .87 .80

.27 .13 2.83 .99 .82

.44 .53 4.29 .60 .83

.56 .60 4.44 .62 .91
– .63 4.21 .56 .91
.83 – 4.32 .56 .80
4.15 4.17
.60 .61
.89 .64

low the diagonal; those for during TBL administration are presented
H for after TBL administration are presented in the horizontal rows;
orrelation coefficients for both TBL administrations greater than .24 in
een 1 and 5 for the six psychological mechanisms of TBL.
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3.4. Results and discussion

In order to cross-validate the KRCI, we conducted a
second CFA with the new data set (see Table 2).
Consistent with findings of Study 1, the CFA produced
acceptable fit indices: χ2 (89, N¼107)¼164.36,
po .01 (CFI¼ .91, TLI¼ .88, RMSEA¼ .09) and χ2

(89, N¼107)¼142.12, po .01 (CFI¼ .94, TLI¼ .92,
RMSEA¼ .08). Also, the reliability was within accep-
table levels (average coefficient H¼ .83), see Table 3
for details.

The correlations between the six sub-scales of the
KRCI were weak to moderate (.27rrr .63 and
.25rrr .93, see Table 3 for details). Analogous to
Study 1, we conducted a chi-square difference test to
examine if a six-factor model resulted in a significantly
better model fit than a one-factor model that had all
items loaded on one factor. The results confirmed that a
six-factor model showed better fit indices than a single-
factor model, Δχ2 (15, N¼107)¼347.21, po .01. See
Table 2 for details. Similar to our findings in Study 1,
this outcome suggests that the six factors are distin-
guishable and measure different psychological mechan-
isms.

As a next step in our analysis, we tested whether the
factorial structure of the KRCI administered during and
after TBL was invariate. See Tables 2 and 3 for details.
The outcome of the factorial invariance test revealed
that this was the case, the chi-square test was not
significant: Δχ2 (10, N¼107)¼16.16, p¼ .10. This
outcome suggests that the factorial structure of the
KRCI did not significantly differ between the admin-
istration during and after TBL. Thus, the KRCI can
reliably be used during a TBL session or after, when
students respond to it retrospectively.
4. General discussion

The objective of the present study was to develop
and validate a questionnaire, the Knowledge Re-
Consolidation Inventory (KRCI), which is capable of
measuring six psychological mechanisms of TBL that
were proposed by the knowledge re-consolidation
theory put forward by Schmidt and colleagues.14 The
six mechanisms are: (1) Guided self-preparation (TBL
preparation); (2) Memory consolidation (rest period
between preparation and TBL); (3) Retrieval practice
(iRAT); (4) Peer elaboration (tRAT); (5) Feedback
(burning questions/appeal); and (6) Transfer of learning
(application exercises).
For each proposed mechanism, a corresponding sub-
scale was devised with items. Two studies were
conducted. The first constituted a CFA and had the
purpose of trimming items that had poorer psycho-
metric characteristics. The aim was to retain a
questionnaire with the least possible number of items,
yet yielding high validity and reliability. This resulted
in an item-reduction from 38 to 16 items. In Study 2,
the questionnaire consisting of 16 items, was then
cross-validated by means of a CFA with an independent
sample. In both studies, the data fitted the model well.
The outcomes of the CFAs, together with relatively
high reliability values for each subscale, suggest that
the KRCI is a valid and reliable instrument to measure
the six psychological mechanisms underpinning TBL.

As mentioned before, we administered the sub-
scales of the KRCI during critical moments of a TBL
session. For instance, retrieval practice after the iRAT.
This was done with the intent to better capture the
psychological mechanism that was expected to unfold
at that point in time and to explore if each sub-scale
can be used independently. However, if the KRCI is to
be used routinely in TBL, it can be impractical
administering sub-scales of the questionnaire through-
out a session. It is often preferred to administer a
questionnaire only once, say at the end of a TBL. To
explore if a single administration yielded similar
results, we administered the KRCI in its entirety at
the end of the TBL session of Study 2. It was then
compared, by means of a factorial invariance test,
whether the KRCI administered during and after the
TBL session was identical in factorial structure. The
results of the test revealed that this was indeed the
case; the factorial structure between the two KRCI
administrations was identical. In fact, an additional
factorial invariance test was carried out to compare the
factorial structure between Study 1 and Study 2.
Results suggest that the factorial structure was
invariate across these measurements as well: Δχ2

(10)¼12.24, p¼ .27. The fact that the factorial
structure of the KRCI was invariate across the data
sets is testimony to the robustness and versatility of
the KRCI.

The study has also limitations that need to be
highlighted. First, the samples used for the analyses
were rather small. Typically, CFAs should be con-
ducted with larger samples.39 However, our access to
participants was restricted since there are a relatively
small number of students who are admitted to medical
school each year. This is different in other disciplines,
where typically larger numbers of students enrol.
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Related to this, our findings are limited to TBL in the
medical context. Further research is needed to explore
whether the KRCI is equally valid for TBL in other
domains, such as engineering or business administra-
tion. Lastly, the present study constituted an internal
validation procedure, exploring model-fit statistics and
factorial structures. Although this is an essential and
necessary step in every line of survey research, only the
future studies that use the KRCI will provide more
informative insights in the inner workings of TBL. As a
next step, it is important to explore how the sub-scales
of the KRCI are related to external measures and other
constructs. Only then, it can be explored how the
underlying psychological mechanisms of TBL influ-
ence each other and predict outcomes.
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Appendix A. Items and factor loadings of the knowledge Re-Consolidation Inventory (KRCI)
Standardized
Factor Loading
Self-guided preparation

1
 I prepare well for this session.*
 .88
 /
 .74/ .82

2
 I could have done more to prepare myself for this session.
 –
 /
 – / –

3
 The preparation materials provided were relevant for this session.
 –
 /
 – / –

4
 I did not have adequate time to prepare for this session.
 –
 /
 – / –

5
 I was thorough in my preparation for this session.*
 .67
 /
 .86/ .89

6
 I studied for this session.
 –
 /
 – / –

Knowledge consolidation

1
 I was well-rested when I came to this session.*
 .89
 /
 .72/ .75

2
 I did not get enough sleep.*
 –.90
 /
 –.82/ –.60

3
 I feel drowsy or sleepy during the day.
 –
 /
 – / –

4
 My concentration in the day suffers because of sleepiness.
 –
 /
 – / –

5
 I feel tired going into this session.*
 –.66
 /
 –.76/ –.87

6
 I feel energetic going into this session.
 –
 /
 – / –

Retrieval practice

1
 I had regular opportunities to test my knowledge during this session.*
 .83
 /
 .76/ .93

2
 I was quizzed regularly during this session.*
 .89
 /
 .89/ .70

3
 My knowledge was not regularly tested during this session.
 –
 /
 – / –

4
 I was tested appropriately on content covered in the preparation materials.
 –
 /
 – / –

5
 The questions were inappropriate for the preparation materials I was given.
 –
 /
 – / –

6
 I was able to remember the important concepts that was presented earlier.
 –
 /
 – / –

Peer elaboration

1
 I had regular opportunities to elaborate with my peers during this session.
 –
 /
 – / –

2
 I regularly engaged in discussions with my peers during this session.*
 .61
 /
 .71/ .75

3
 I explained my understanding of concepts to other students.
 /
 – / –
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4
 Other students explained their ideas to me.
 /
 – / –

5
 I had opportunities to discuss difficult concepts with other students.*
 .85
 /
 .94/ .88

6
 I could ask other students questions about the topics we learnt.*
 .74
 /
 .80/ .75

7
 There was a high level of engagement in my group discussions.
 /
 – / –

Feedback

1
 I received feedback from the teacher to clarify my understanding during this

session.

–
 /
 – / –
2
 During this session, I did not receive feedback from the teacher that helped me
clarify my understanding.
–
 /
 – / –
3
 The teacher provided feedback that was useful for my understanding.*
 .82
 /
 .84/ .84

4
 The teacher reinforced important concepts.*
 .84
 /
 .78/ .72

5
 Feedback from the teacher helped me learn.*
 .90
 /
 .91/ .79

6
 I think feedback from the teacher about my learning is important.
 –
 /
 – / –

7
 The teacher clarified misconceptions.*
 .78
 /
 .68/ .85

Transfer of knowledge

1
 I had many opportunities to apply what I had learnt to different contexts.
 –
 /
 – / –

2
 My knowledge was often stretched to solve novel problems.*
 .61
 /
 .68/ .72

3
 I did not have many opportunities to apply my knowledge to novel problems

during this session.

–
 /
 – / –
4
 I used my acquired knowledge to solve complex problems.*
 .82
 /
 .87/ .65

5
 The problems were not relevant to the knowledge I had acquired.
 –
 /
 – / –

6
 I appreciate the applicability of the knowledge I have learnt.
 –
 /
 – / –
Note. Standardized factor loadings from the CFA in Study 1 are
presented first, followed by standardized factor loadings from during
and after TBL administration CFA of Study 2. For clarify of
presentation, the CFA of the 16 final items of KRCI were performed.
Items marked with an asterisk (*) indicate the final set of items.
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