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Spaced [ti] Learning [ti] Spaced learning [tw] Health professions 

education [tw]

Spaced AND Learning OR Spaced training AND Education, 

Professional 

[Mesh]

Spacing Memory Spacing training Medical educat*

Retriev* Training Spaced learning Professional 

educat*

Repetition* Educat* Spacing learning Teach*

Recall Spaced interval 

training

Medical student*

Mental 

recall 

[Mesh]

Spaced interval 

learning

Biomedical 

student*

Memory training Pharmacy 

student*

Spaced retrieval Biology student*

Spaced retrieving Dental student*

Retrieval practic* Nursing student*

Mass learning Undergraduate*

Massed learning Graduat*

Spacing effect Intern*

Distributed practic* University

Spacing efficacy Universities

Spacing practice 

sessions

Resident*

Spacing of learning Health 

professional*

Spacing repetition

Spacing and 

repetition

Spaced educat*

Spaced test*

Test-enhaned 

learning

Testing effect*

Supplementary A | The used literature search term combinations.

Within each column all terms are searched with the Boolean operator “OR”. 
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Supplementary B | Frequency distribution of research articles on spaced learning included 

in this scoping review (N = 120). Articles are sorted by year. 
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Characteristic No. (%)

Study location

United States 
Europe
Canada
Australia
Asia
South America

76 (63)
25 (20)
8 (7)
7 (6)
2 (2)
2 (2)

Study population*

Medical students
Residents
Other healthcare majors
pharmacy, dental, biomedical sciences, health sciences and 
prehealthcare
Other healthcare professions
fellows, physician assistants, nurses, flight paramedics, family 
doctors, clinicians, program faculty and program directors
Physicians

38 (32)
27 (23)
18 (15)

18 (15)

9 (8)

Educational content

Knowledge 
factual, conceptual, procedural
Skills
N.A.

74 (72)

27 (26)
4 (4)

Domain

Clinical
Basic sciences
Miscellaneous

66 (64)

9 (9)

28 (27)

Subject

Medical specialties
Guidelines, principles, quality control
Anatomy
Physiology
Molecular biology
Dental education
Miscellaneous 
Teaching, Statistics, Nutrition, Resuscitation, Pain-assessment, 
Physical examination, Sex, Cognitive Behaviour Therapy

60 (58)
11 (11)
7 (7)
5 (5)
3 (3)
2 (2)
15 (15)

Supplementary C | Characteristics of included research articles. Except for study location, 

characteristics were described for original research articles only (n = 103). 

*Some studies included multiple study populations. 
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Terms used without definitions

Spaced testing

Spaced instruction

Spaced training

Dispersed learning

Distributed learning

Spaced retrieval practice

Spaced studying

Repeated retrieval practice

Terms with single definition Definitions

Spaced distribution Educational encounters that are repeated over spaced 

time intervals.

Repeated practice Practice is distributed over several sessions rather than 

massed as a single block of training.

Spaced approach Distribution of a fixed amount of teaching hours over a 

longer time period.

Spaced repetition A learning approach that focuses on reviewing content 

multiple times over optimized time intervals.

Automated spaced repetition The observation that it is easier to remember 

information when it is studied multiple times over a long 

time span, rather than studied once or a few times in a 

short time span.

Structured spaced training Spaced training; in which training is undertaken with 

breaks. 

Interleaved practice to structure the acquisition of multiple learning sets such 

that learning alternates between sets. 

Distributed training A practice schedule in which periods of training are 

interspersed with rest periods.

Distributed method of 

learning

instead of learning a French word by continuously 

reading it off a flashcard, one could memorize it over 

days or weeks from different sources, for example, by 

reading newspapers, perusing restaurant menus, and 

hearing it in conversation.

Space repetition learning Providing small modules of information to learners over 

time to overcome the normal forgetting that occurs.

Supplementary D | Extended overview of spaced learning terms. 
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Repeated testing People learn and retain information better through 

repeated exposure. Actively retrieving content during a 

test strengthens retention even more.

Distributed study Break the material up into smaller portions that are 

studied over a period of days. A distributed study 

strategy is more effective when it includes repetition, 

with topics being re-visited, so as to reinforce learning.

Interactive spaced education Interactive spaced education (ISE) is an online education 

system which harnesses the spacing effect, the 

psychological finding that educational material which is 

repeatedly presented over spaced intervals is learned 

and retained more efficiently.

Spaced training Spaced training involves distributing learning tasks 

and skill acquisition practice sessions over a specified 

time interval, whereas massed practice occurs over the 

course of 1 or 2 intense and content-heavy sessions.

Interval learning Learning over time. Seeing the presentation of new 

materials over time, in bite-sized chunks, and then 

seeing them again at a later time, particularly as a test. 

Interval training Learners practice multiple times for shorter periods in 

interval training.

Terms with plural 

definitions

Definitions

#1 Spaced practice Distributing practice over time

#2 Spaced practice Creating a study schedule that spreads study activities 

out over time. The same amount of repeated studying 

of the same information spaced out over time will lead 

to greater retention of that information in the long 

run, compared with repeated studying of the same 

information for the same amount of time in one study 

session.

#1 Spaced learning delivery of brief morsels of information repeated over 

time intervals, in contrast to massed learning, a bolus of 

information delivered all at once without breaks

#2 Spaced learning Spaced learning is based on the temporal pattern of 

stimuli for creating long-term memories. It consists of 

blocks with highly condensed content that is repeated 

three times and interrupted by 10–20 min breaks during 

which distractor activities such as physical activity are 

performed.
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#3 Spaced learning Learning encounters that are ‘‘spaced’’ and ‘‘repeated 

over time’’. Spaced learning differs significantly from 

other pedagogies because it ‘‘pushes’’ short clinical 

casebased scenarios that take less than 5 minutes to 

consider to participants’ e-mail or hand-held mobile 

device.

#4 Spaced learning Spaced learning fosters retention effects by a careful 

adjustment (increasing) of time-intervals between test 

repetitions.

#5 Spaced learning The insertion of distinct temporal gaps between learning 

episodes. This is in contrast to massed learning, which 

refers to learning with little or no time between learning 

sessions.

#1 Retrieval practice Retrieval practice involves internally recalling previously 

learned information as opposed to rereading or 

relistening to information that was previously seen or 

heard.

#2 Retrieval practice Being tested, pimped, or otherwise asked to exhibit 

knowledge to which one has been previously exposed.

#3 Retrieval practice In retrieval practice, testing is used as a method of 

teaching rather than a method of assessment.

#4 Retrieval practice Testing. There are greater gains to be realized with 

repetition of retrieval practice distributed over longer 

intervals and interleaved with demands for recall of 

other concepts or skills.

#5 Retrieval practice “how” one spends time while learning is relevant to 

the learning science strategy, in contrast to “when” 

(distributed learning).

#6 Retrieval practice Bringing learned information to mind from long-term 

memory.

#1 Distributed practice Practice sessions spaced in time.

#2 Distributed practice Practice is distributed over several sessions rather than 

massed as a single block of training.

#3 Distributed practice Scheduled educational sessions of learning and training 

interspersed with rest periods. Massed practice refers to 

a continuous block of training without rest.

#4 Distributed practice Refers to a schedule where periods of practice are 

interspersed with periods of rest.

#5 Distributed practice Study activities with intervals.
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#6 Distributed practice Distributed practice refers to spacing out ones’ practice 

or relearning materials intermittently over time, 

whereas massed practice refers to learning materials in 

one long session that often occurs immediately prior to a 

learning assessment, e.g. cramming.

#7 Distributed practice Practice interspersed with periods of rest.

#8 Distributed practice Content and understanding of concepts is improved 

when study is spaced or distributed over a period of 

time, compared to cramming or massed practice.

#9 Distributed practice A practice regime in which periods of training are 

interspersed with rest periods.

#10 Distributed practice Knowledge or a skill is taught in multiple sessions 

separated in time.

#11 Distributed practice Material learnt in brief training workshops decays 

quickly over time, whereas repetition on many occasions 

ensures greater retention.

#12 Distributed practice Training in multiple sessions with different intervals.

#13 Distributed practice Several training sessions.

#14 Distributed practice Practice sessions being distributed in time with each 

session consisting of repeated practice of the exact same 

procedure. Distribution of practice can refer both to 

distribution of content into several lessons and to practice 

sessions being spaced by time, often days or weeks, and is 

also termed (time) spaced or interval training. 

#15 Distributed practice Learning spread over a period of time. Theoretically, 

teaching in small proportions dispersed over time is 

better with respect to knowledge and skill retention 

compared with massed delivery.

#16 Distributed practice Practice sessions are distributed, either as massed or 

regular teaching sessions.

#17 Distributed practice Involving smaller practice sessions with large interspersed 

rest periods.

#18 Distributed practice Spacing out of multiple study or practice sessions over an 

extended period of time.

#19 Distributed practice Creating a study schedule that spreads study activities 

out over time. The same amount of repeated studying 

of the same information spaced out over time will lead 

to greater retention of that information in the long run, 

compared with repeated studying of the same information 

for the same amount of time in one study session.

#1 Spaced education The planned repeating of educational encounters over 

time to enhance knowledge retention.
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#2 Spaced education Spaced education involves spaced repetition of question 

based educational content, but also includes an adaptive 

rescheduling algorithm combined with compelling game 

mechanics.

#3 Spaced education Spaced education is a teaching strategy that delivers 

educational content electronically over several weeks or 

months (spaced in time) in a case-based or quiz format.

#4 Spaced education Improved knowledge retention when material is repeated 

at spaced intervals. 

#5 Spaced education The spacing effect is based on the idea of repeating 

information over spaced intervals of time compared with 

complete presentation at one time. 

#6 Spaced education Online learning that has been demonstrated to increase 

knowledge retention and impact on behaviour. SE 

involves participants receiving short multiple-choice 

questions and feedback via e-mail in a repeating pattern 

over a number of weeks.

#7 Spaced education Online educational programs that are structured to take 

advantage of the pedagogical benefits of the spacing effect

#8 Spaced education On-line spaced education programs attempt to improve 

knowledge retention by harnessing the pedagogical 

merits of the spacing effect.

#9 Spaced education SPACED education is a novel form of online education 

based on the 2 core psychology research findings of 

spacing and testing effects.

#10 Spaced education Online educational programs that are structured to take 

advantage of the pedagogical benefits of the ‘spacing 

effect’.

#11 Spaced education Educational programs that are constructed to take 

advantage of the pedagogical merits of the spacing effect

#12 Spaced education The psychologic finding that training or educational 

material that is spaced and repeated over time (spaced 

distribution) results in greater knowledge acquisition 

and retention of content than when the same material is 

presented at a single time point (mass distribution).

#13 Spaced education Educational content delivered in small quantities and 

repeated over time, through electronic distribution

#14 Spaced education A conceptual educational framework that relies on the 

delivery of succinct pieces of information related to a 

specific content area spaced out over time.
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#15 Spaced education Involves participants’ receiving short multiple-choice 

questions and feedback via e-mail in a repeating pattern 

over a number of weeks.

#16 Spaced education Online educational programs that are structured to take 

advantage of the pedagogical benefits of the spacing effect, 

in which periodically repeated, educational encounters 

lead to improved knowledge attainment and retention 

compared with a single “bolus” educational opportunity.

#17 Spaced education An elearning platform in which “information” is presented 

and repeated over spaced intervals and is learned and 

retained more effectively.

#18 Spaced education Educational encounters are spaced and repeated over a 

defined period.

#19 Spaced education A web-based, student-directed learning tool.
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  Mean SD

Total score (points) 9.55 3.82

Total score (%) 32.94 13.18

KR-20 alpha 0.74

Question nr. p-value Rir

Question 1 0.00 0.00

Question 2 0.11 0.46

Question 3 0.65 0.20

Question 4 NA NA

Question 5 0.88 0.33

Question 6 0.88 0.17

Question 7 0.61 0.27

Question 8 0.34 0.38

Question 9 0.04 0.16

Question 10 0.07 0.07

Question 11 0.05 0.36

Question 12 0.88 0.22

Question 13 0.28 0.36

Question 14 0.03 0.27

Question 15 0.06 0.11

Question 16 0.36 0.25

Question 17 0.19 0.25

Question 18 0.66 0.27

Question 19 0.52 0.39

Question 20 0.28 0.28

Question 21 0.11 0.40

Question 22 0.05 0.32

Question 23 0.89 0.34

Question 24 0.14 0.24

Question 25 0.36 0.27

Question 26 0.43 0.33

Question 27 0.22 0.07

Question 28 0.04 -0.09

Question 29 0.50 0.30

Question 30 0.25 0.23

Supplementary E | Retention-test test analyses.
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Supplementary F | Information sheet included in the study protocol (Dutch).
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Supplementary I | Pre-test scores on conceptual problems in seminars 1 and 2. Pre-post 

scores were examined separately for all four questions (two concepts in two seminars) 

to assess if efficacy of active learning was consistent among these exercises. Average pre 

scores are shown for PI and SE groups (left panel). Lowest scores were found for exercise 

B
s2

. The relative change in scores was positive for all exercises in both SE and PI groups, 

with higher gains for PI in all cases (right panel). Accordingly, a significant increase of 

0.17 was found on exercise B
s2

 scores in the second seminar between PI and SE groups 

(t(151)=3.206, p = .023). The highest performance gains for single exercises were observed 

in the PI condition, showing the largest increase of 0.52±0.09 for A
s2

. 
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Supplementary J | Students’ individual scores on conceptual problems before and after 

intervention. The conceptual problems consisted of two related questions each yielding 1 

point, thus a maximal score of 2. This scheme shows the distribution of total scores pre and 

post intervention for all students participating in the protocol. The total scores (0, 1 or 2 

points) are indicated in the circles. The white, grey and dark areas indicate, respectively, 

students with a pre-test score of 0, 1 or 2 points. The numbers in the bars indicate the 

number of students with a specific score. Data for both seminars is depicted separately 

to illustrate the difference in difficulty level between the seminars. Seminar 2 had more 

students with score 0 and fewer with scores 1 or 2, but similar shifts towards higher scores 

post intervention. 
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Supplementary K | Multi-tier question (in Dutch) with 3-tiers: Yes/No, Explanation, and 

Confidence. 
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Supplementary L | Refutation text (in Dutch) with a refutation element, correct answer, 

and explanation.

215

SUPPLEMENTARY

201019_Proefschrift_naproefdruk.indd   215 23-10-2020   07:41:56



Evaluating the thinking aloud assignments

What was your experience with doing these assignments? 

	 o How come?

	 o How did you feel?

	 o Which parts did you find easy/difficult?

	 o How did you estimate your confidence after finishing an assignment?

Metacognitive knowledge

Where do you start when you get such conceptual assignments? 

	 o What do you do when you do not understand the assignment, or part of 

the assignment? 

	 o Is the assignment finished the moment you write down your answer?

	 o Can you tell me what you do afterwards? 

Do you use specific strategies while solving this type of assignments?

	 o Does such a strategy depend on the type of question? How?  

	 o Did you ever change strategies for different types of questions? Why?

Can you tell me what you strenghts and weaknesses are regarding solving this 

type of conceptual assignments? 

Metacognition in the curriculum

Can you describe any situations or name ways through which you obtain insight in 

how well you understand something? 

If we would improve the curriculum in such a way that it becomes easier for you 

to estimate how well you understanding something, does that have added value 

for you?

	 o How do you think we should improve the curriculum?

Supplementary M | Interview guide. 
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MAIN THEME SUB THEME EXAMPLE

Feeling of knowing ‘Eureka.’ 

‘I do not think so, but I do not know why.’ 

‘Intuitively, or based on my feeling it has to be.. 

maybe I have the feeling I am making a mistake.’

Feeling of familiarity ‘Yes, I recognise this image. I think I have seen 

this before.’ 

‘I recognise this from year 1.’

Feeling of confidence Sure ‘I am quite sure about this.’ 

Unsure ‘Yes. No. I am not quite sure.’

Doubting ‘Yes, now I start doubting.’

Feeling of difficulty ‘O god, this is difficult.’

‘O yes, I was afraid of this [type of exercise] 

already.’

Metacognitive experiences

Metacognitive skills

MAIN THEME SUB THEME EXAMPLE

Planning Allocating 

resources

‘I will start by reading the formulas.’

Identifying 

problem

‘OK, so it is about…’ 

Creating 

overview

‘I will write that down for now.. so I have an 

overview.’

Monitoring Rereading Rereading a paragraph.

Summarising ‘I will write summarise this because I might 

need it later.’ 

Supplementary N | Template thinking aloud and interview. 
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Eliminating ‘So then we have the option left..’ 

‘So this one can be eliminated for sure..’ 

Selecting 

new source

Allocates a new resourse, e.g. formula sheet, 

halfway through the assignment. 

Using 

mnemonic 

Using a mnemonic to explain the situation in 

layman language.

Using 

numbers

‘OK, so for example, we fill in numbers here..’

Using visuals ‘Let’s have a look. There is an image here.’

 

Using answer 

options

‘OK, I will read the answer options, because 

that might help me figure it out..’ 

Switching 

strategy

‘I now see that..’ 

Identifying 

adequacy of 

information

‘ Hm, this formula is not useful at the moment.’

Self-

questioning

‘Is this right what I am saying?’

Goal-

checking

‘What was the problem again?’ 

Self-

explanation

Explaining to him/herself why the answer is 

incorrect/correct before committing to an 

answer.

Goal-free 

search

‘Maybe it has something to do with..’ 

Goal-directed 

search

‘I will search in the formula sheet for resistance, 

flow and pressure difference.’
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Judgement of 

learning

 ‘These [the answer options] are all not the 

same compared to my answer. Then I have to 

look again. Maybe I am wrong.’

‘I will just make a decision based on what 

sounds logical.. and based on what I 

remembered, not based on the reasoning and 

the process behind it’.

 

Evaluation Checking 

answer

‘ I will just check everything again, because..’ 

Elaborating 

on 

confidence

‘So if the resistance decreases, so.. yes I am 

very sure about my answer.’ 

Metacognitive knowledge

MAIN THEME SUBTHEME

Of self Formulas/numbers

Visual representation

Speed of reasoning

Not thinking ‘straight’

Insecurity

Lack of knowledge/brainpower

Compensating weaknesses

Influence of environment

Easy

Overview of the stiutation

Abstract thinking

Estimating

Of Task Different strategies for figures/formulas

Different strategies for facts/cooncepts

Of Strategy Not aware of strategy

Eliminating options

Using visual representation

Highliting

Thinking out loud
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Identifying the problem

Goal-checking

Checking previous assumptions

Good reading

Using numbers

Creating overview

Filling in formulas

Tackle the problem from different angles

Evaluating

Cues for confidence Feeling

Time

Familiarity/previous experiences

Reasoning

Deduction

Representation (figures/formulas)

Combination of reasoning and feelings
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