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Spacing techniques in 
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acquisition: Short-term gains 
vs. long-term memory

Ulf Schuetze
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Abstract
This article reports the results of two experiments using the spacing technique (Leitner, 1972; 
Landauer & Bjork, 1978) in second language vocabulary acquisition. In the past, studies in this area 
have produced mixed results attempting to differentiate between massed, uniform and expanded 
intervals of spacing (Balota, Duchek, & Logan, 2007). A particular problem has been the point of 
testing that did not draw a clear line between short-term gains and long-term retention (Roediger 
& Karpicke, 2010). The experiments presented in this article addressed this issue. In the first 
experiment, 76 university students enrolled in a Beginning German class learned 24 content 
and 15 function words during a practice phase with a ‘one plus three’ design followed by three 
delayed post-tests. Results showed that in regards to short-term gains, the expanded group 
obtained higher mean scores than the uniform group, whereas in the long-term test it was the 
other way round. The second experiment used the same methodology with one exception: the 
practice phase was increased to a ‘one plus four’ design. Results confirmed those of the first 
experiment; in addition it was shown that function words are particularly difficult to recall for 
students using the expanded interval.

Keywords
Lexical processing, second language acquisition, spacing techniques, vocabulary learning

I Introduction

The study of vocabulary acquisition is often concerned with researching in what way 
associations, word-trees, and word-fields can be utilized to maximize the number of 
words students learn. Although most European languages have a repertoire of over 
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100,000 words, knowing 2,500 words will give a student the ability to communicate 
effectively by either speaking or writing, as 2,500 words represent about 80 percent of 
the words used in everyday interaction (Schmitt, 2010). Therefore, in the context of 
teaching a second or foreign language at a college or university, the goal could be that 
students learn about 2,500 words. Judging by the way many textbooks are designed, this 
goal should be accomplished in the first two years of studying the target language. 
However, as some researchers report, it is surprising how little students remember at the 
end of a two-year university language program when it comes to vocabulary (Milton, 
2009). Many of the words that had been learned in the textbook are forgotten quickly. For 
one, textbooks usually don’t recycle words very well; that is, if they are introduced in one 
chapter they are not necessarily used again in subsequent chapters (Tschichold, 2012). In 
addition, little attention is paid to repeating words at the point of introduction (Nation, 
2009; Zimmerman, 2010).

The last point is particularly interesting as the technique of ‘spaced repetition’ has 
been used to develop tools for teaching vocabulary as early as the 1970s (Leitner, 1972), 
even though the technique was not tested at the time but based on experience rather than 
experiments. However, around the same time, experiments testing memory were carried 
out in cognitive psychology. The first landmark study came from Landauer and Bjork 
(1978) who had students try to remember names of faces on prearranged cards. The same 
cards were repeated in a certain order with distraction cards in between, testing three 
intervals: massed spacing (no break in between each repetition), uniform spacing (regu-
lar break in between each repetition, for example two distraction cards), and expanded 
spacing (increasing break between each repetition, for example no distraction card, 3 
distraction cards, 5 distraction cards). They found that the expanded schedule led to 
higher retention rates. That finding was accepted for a long time despite other studies in 
cognitive psychology (Balota, Duchek, Sergent-Marshall, & Roediger, 2006; Cull, 2000; 
Carpenter & DeLosch, 2005; Logan & Balota, 2008) that did not confirm those results. 
Reviewing studies using the spacing technique, Balota, Duchek and Logan (2007) as 
well as Roediger and Karpicke (2010) pointed out that the point of testing had varied 
from study to study, not drawing a clear line between short-term gains and long-term 
retention. This is a distinction that is being made by the model of working memory 
(Baddeley,1999, 2007; Baddeley & Hitch, 1974; Gathercole & Alloway, 2008), a model 
that has contributed much to our understanding of how phonemes and lexemes of words 
are processed in order to recall them at a later stage. In the context of that model, recall-
ing words is seen as actively using them minutes (short-term gains) and days or weeks 
(long-term memory) after they have initially been processed. In second language acqui-
sition, the need to recall words goes even further. The learner’s goal is to recall words 
months after they have been learned. The question is how to accomplish that task; that is, 
to find out what spacing interval actually leads to long-term learning. Another question 
is if one interval works best for all words or if there is a difference as to how content and 
function words need to be treated.

II Context

Research on spacing has been trying to determine what type of intervals lead to the high-
est retention rates. This is an important question for second language learners as they can 
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study more efficiently if they know what interval to use in what time frame when study-
ing vocabulary. Most of the studies carried out in cognitive psychology that I described 
in the previous section investigated ‘spacing techniques’ within one learning session, 
usually a single session of about 30 minutes. In second language acquisition, however, 
the pedagogy is often based on recycling material over longer periods of time. Therefore, 
analysing ‘spaced repetition’ over multiple learning sessions spread out over a week or 
two is of great interest.

As early as 1972, Leitner developed a prominent learning device called ‘die Lernkartei’ 
using the concept of structured cyclical repetition. Essentially, this was a memorization 
device consisting of flash cards and a box with 5–6 sections of progressively larger sizes. 
It was based on the principle of forgetting, using ideas from Pimsleur (1967), who in turn 
had used research by Ebbinghaus (1913), although neither of them carried out large-scale 
experiments. In self-experiments memorizing nonsense words in the first trial, 
Ebbinghaus measured the seconds he saved when relearning the words in each subse-
quent trial, which took place after 20 minutes, 1 hour, 9 hours, 1 day, 2 days, 6 days, and 
31 days. He concluded that forgetting occurs within a few minutes after the first trial. The 
flash card boxes have been in use in the German school system for many years and their 
usefulness is promoted in teacher training programs. English as a second language text-
books publish sets of flash cards to match their corpora or create multimedia vocabulary 
learning environments based on cyclical learning. A general problem is that there is no 
control as to how much time a student spends reviewing a flashcard. Sometime in the 
1990s, Mondria and Mondria-de Vries (1994) developed a computer-assisted learning 
program that was based on a textbook and incorporated the learning system of Leitner. 
Essentially, the program was a more modern version of the flash-card system featuring 
sound files and images. Yet again, no research was carried out. In particular, students had 
to decide for themselves if they had learned the words. Around the same time, Oxford 
(1990) promoted a staggered processing of learning material in her renowned textbook. 
Based on experience, she suggested seven encounters with optimal intervals of 15 min-
utes, 1 hour, 2 hours, 1 day, 4 days, 1 week, and 2 weeks.

In order to address the issue, Schuetze and Weimer-Stuckmann (2010) developed a 
study using an online platform called ViVo© (Virtual Vocabulary). The platform had sev-
eral features. First, it used several modalities (illustration, audio, sample sentences, defini-
tion, L1 equivalents) to cater to the preferred learning style of each student (Kim & 
Gilman, 2008; Oxford, 2003; Rimrott, 2010). Second, prompted by the illustration, stu-
dents had to type in a word learned every time they practiced, thereby fostering produc-
tion in addition to comprehension. This feature was based on research by Hulstijn and 
Laufer (2001) as well as Webb (2005), who carried out many experiments on vocabulary 
learning arguing that words need to be actively practiced to get the attention they need. 
Third, students received immediate feedback (Nation, 2001). If they typed the word into 
the program incorrectly (correct spelling was checked by the program), they were asked 
to review all of the information for the word previously given, thereby receiving positive 
reinforcement. Fourth, words were systematically repeated via algorithms that had been 
programmed into the platform, testing a uniform as well as an expanded interval using a 
‘one plus four’ design (initial encounter plus four practice sessions). Overall, 117 students 
of four sections of ‘Beginning German I’ at the University of Victoria, Canada partici-
pated in the study, divided into two groups. Results (Schuetze & Weimer-Stuckmann, 
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2011) showed that there were no statistically significant differences among students using 
the uniform or expanded interval on short-term gains (tests carried out four days as well 
as several weeks after the last practice). However, in a long-term test carried out several 
months after the last practice students using the uniform interval did obtain significantly 
higher scores than students using the expanded interval. The study showed that a clear 
distinction between short-term gains and long-term memory should be taken into account 
(Balota, Duchek, & Logan, 2007; Roediger & Karpicke, 2010) when testing spacing in 
vocabulary acquisition. Moreover, if second language learners are not to forget many 
words as soon as the semester is finished, as Milton (2009) reported they do, a uniform 
interval might be preferred. That, in turn, goes contrary to the common design of flashcard 
systems used today being based on Leitner (1972), which seems to be aiming at short-
term gains.

In order to understand the differences between short-term gains and long-term mem-
ory, it is helpful to look at how words are processed when first encountered. Word pro-
cessing takes place in working memory where two components are particularly important: 
the central executive that directs attention, and the phonological loop that codes, stores 
and rehearses incoming information (Baddeley,1999, 2007; Baddeley & Hitch, 1974; 
Gathercole & Alloway, 2008). The loop can code auditory as well as visual information. 
When a word is encountered and gets enough attention, its phonemes are processed and 
matched to a lexeme in Wernicke’s area of speech comprehension. Additionally, its 
bound or system morphemes, if it has any, need to be identified. If the phonemes are 
matched to a lexeme, a record of the word is created. Another component of working 
memory is the so-called visual-spatial sketchpad that processes non-language informa-
tion; for example, shapes we see, colors, location of objects, or movement. This informa-
tion can also become part of the record of a word. When a word needs to be recalled, the 
record of the word is called up into Broca’s area of speech production. The previously 
recorded information about the word assists in the process of matching phonemes to a 
lexeme by tagging the correct combination. Another component is the episodic buffer 
that provides a link between the executive, the loop and the sketchpad. The link is impor-
tant as it allows information to be fast-tracked. Understanding this process, it becomes 
clear how the timing point of testing influences the retention. If words are tested minutes 
after the encounter, the loop is still active. At that point, it is difficult to say if a record 
has been created yet. In fact, that might depend on the word category, for example distin-
guishing between content and function words, as the processing of some words might be 
fast-tracked. What is then tested is if the loop is still active, but not if words have been 
committed to long-term memory. Therefore, studies using that type of testing have pro-
duced mixed results.

The study presented here served two purposes. First, it was designed to distinguish 
between short-term gains and long-term retention in the context of second language 
vocabulary acquisition using a uniform and expanded interval. Although Schuetze and 
Weimer-Stuckmann (2011) showed that the uniform interval might be preferred for long-
term learning, these type of results need to be replicated in order to regard those results 
as reliable. Second, the study was designed to cater to the needs of students learning 
another language at the beginner’s level. At that level, words are usually grouped by 
theme or grammatical category in textbooks or learning programs but no consideration is 
given to how words are actually processed in the brain.
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A general distinction can be made between content and function words. This distinc-
tion is important in the everyday learning of a second language. Content and function 
words differ in the frequency of their occurrence (Aitchison, 2003; Milton, 2009), with 
content words being seemingly unlimited in number as they can be combined to make 
new words. Function words, on the contrary, are limited in number. Therefore, function 
words occur more often in any given written or spoken text because they bind content 
words into a meaningful sentence. In regards to processing, the main difference is that 
the lexeme of a content word (nouns, verbs, adjectives, some adverbs) expresses a rich 
concept and the word has bound or system morphemes. Function words, on the other 
hand, such as prepositions, conjunctions, fillers, articles and some adverbs have a sim-
pler lexeme. Therefore, the lexeme is more difficult to distinguish from other lexemes 
because there are not as many unique features. This implies that function words need to 
be repeated more often in order to be processed to long-term memory than content words. 
Interestingly enough, as Schmitt (2010) points out, second language learners, in particu-
lar at the beginner’s level, often report having difficulties learning function words.

Two other factors are important when it comes to processing words. If we come back 
to the model of working memory, several experiments going back to the 1960s and 1970s 
have shown that longer words (Baddeley, Thomson, & Buchanan, 1975) and phonologi-
cally similar words (Baddeley, 1966) are difficult to process. Every phoneme has a mem-
ory trace; that is, a time limit by which it has to be identified in the phonological loop in 
order to make room for other phonemes that need to be processed. When rehearsing the 
many phonemes of a longer word there might not be enough time for processing in the 
loop before all of them are identified, while rehearsing phonemes in similar sounding 
words makes it difficult to discriminate them sufficiently in the time available.

The study described in this article took those factors of processing into account. It was 
constructed to analyse how content and function words are processed when learning 
second language vocabulary and if that is related to the type of spacing. Furthermore, it 
distinguished between shorter and longer words as well as between phonologically simi-
lar and phonologically different words. It was hypothesized that due to the nature of 
word processing, participants who encountered these words for the first time would be 
able to recall more content words than function words and would have difficulties recall-
ing longer and phonologically similar words. It was also hypothesized that the uniform 
interval would provide an advantage over the expanded interval when participants had to 
recall words in delayed post-tests on long-term retention.

Two experiments were carried out, both using the same methodology including the same 
number of words to be practiced and tested. However, the first experiment used a ‘one plus 
three’ design in terms of repeating words whereas the second experiment increased the rep-
etition by one to a ‘one plus four’ design. The rationale was to investigate if the increase had 
an impact on the results. The ‘one plus three’ design was born out of necessity to accom-
modate the class schedule that term. The ‘one plus four’ design was in line with the previous 
study (Schuetze & Weimer-Stuckmann, 2011) to be able to compare results.

III Method

The first experiment was carried out in the fall of 2011 and the second experiment in the 
fall of 2012. In both experiments students who participated were enrolled in a course 
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called ‘Beginning German I’ at the University of Victoria, Canada. Each time, students 
were divided into two groups with one group using a uniform interval to acquire 24 con-
tent and 15 function words and one group using an expanded interval. Students listened 
and watched words on a screen. Their task was to copy each word on a piece of paper. 
This reflects how words are sometimes introduced by a teacher in class or how students 
are informed by a teacher how to study words at home.

1 Participants

Students were undergraduates age 17 to 24. Students taking ‘Beginning German I’ are 
supposed to have no or very little knowledge of German. However, in order to ensure 
that the students participating in the study were indeed beginners, students had to fill out 
a background questionnaire identifying previous knowledge of German, previous 
instruction in German, German heritage, proficiency in other languages, and providing 
demographic data on faculty, major, and years of study.

In the first experiment, of the 119 students enrolled in all four sections, 7 were 
excluded after the questionnaire had been analysed. Students used a ‘one plus three’ 
design, the schedule of which being tight. In addition, participants had their regular 
assignments to attend to. Those two factors contributed to the fact that of those 112 
remaining students, only 76 participated in the experiment from start to finish. Students 
of sections one and two formed group number one using the uniform interval (33 under-
graduates), and students of sections three and four formed group number two using the 
expanded interval (43 undergraduates).

In the second experiment students used a ‘one plus four’ design. Therefore only two 
of the four sections participated because the design did not fit into every section’s sched-
ule. Of 67 students, 5 were excluded (questionnaire) and of the remaining 62 students, 48 
participated from start to finish, with section one using the uniform interval (24 under-
graduates) and section four using the expanded interval (24 undergraduates).

2 Material

Thirty-nine words were selected for the study as this number of words is similar to what 
students have to learn actively in a time period of 8–10 days when enrolled in a German 
as a second language class at the University of Victoria. With active learning, I am refer-
ring to being able to use those words when speaking. At the beginning level, it is impor-
tant to learn function and content words alike, even though there are many more content 
words in a language, in order to formulate complete sentences. In order to reflect the 
ratio of content and function words introduced in most German textbooks, 24 words 
were content words (subdivided into 8 nouns, 8 verbs and 8 adjectives) and 15 words 
were function words (subdivided into 5 prepositions, 5 conjunctions and 5 adverbs). In 
order to reflect the multiplicity of nouns, verbs and adjectives, two each were shorter 
words (two syllables or less), two were longer words (three syllables or more), two words 
that were not phonologically similar and two which were (for a complete list, see 
Appendix I). Word selection was based on frequency using Jones and Tschirner’s dic-
tionary (2006), although it should be mentioned that selection was not frequency driven 
but frequency informed. Word selection was also based on the textbook used for 
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‘Beginning German I.’ Only words not occurring in the first five chapters of that text-
book were used to ensure that hearing and seeing the words with the PowerPoint slides 
was the only contact to the words participants had. This was particularly important for 
function words as they are limited in number.

3 Procedure

For each word a PowerPoint slide was created using the same font and same background 
color for all slides. On each slide the English word was presented on the left side of the 
screen. After two seconds the German equivalent word was presented on the right side 
and appeared for 6 seconds while the English word remained on the screen. The German 
word that appeared was also spoken. Each slide was shown for 8 seconds. The reason to 
include sound was to reflect the situation of how a learner often encounters a word in 
another language. The English word was presented first. There were two reasons to do 
so. One, in a learning environment where the target language is not predominantly spo-
ken this is a commonly used approach. Two, in each of the three delayed post-tests, stu-
dents were shown the English word and had to write down the German equivalent. 
Testing production is more challenging than simply identifying words, for example, 
showing the German word and asking for the English equivalent. However, to actively 
produce a word in a second language is what a learner is usually asked to do based on the 
assumption that learners want to communicate in that language.

Participants were asked to copy down the German word they saw and heard on a piece 
of paper. This was done as they had to write down the German words in the tests that fol-
lowed so the activity of writing needed to be practiced. Each PowerPoint was presented in 
the last fifteen minutes of class time. Those students not participating in the study left the 
classroom at that point. At the end of class, all paper was collected by the research assis-
tant to make sure that participants would not secretly study the words at home.

In experiment one, group one (sections one and two) followed a uniform spacing 
schedule: the PowerPoint was shown in a two–three–two interval; that is, it was shown 
on day 1, 4, 8 and 11. Ideally, a uniform schedule is 100 percent uniform, for example a 
two–two–two interval. However, the class schedule did not permit for that. Group two 
(sections three and four) followed an expanded spacing schedule: the PowerPoint was 
shown in a zero–one–three (PowerPoint on day 1, 2, 4 and 8) interval. Both groups saw 
and heard the words of the PowerPoint four times using the ‘one plus three’ design. Each 
time the order of the words was different to avoid testing effects; that is, the order of 
words primes the next word.

In experiment two in the following year, the uniform group (section one) viewed 
the PowerPoint on day 1, 4, 8, 11 and 15 whereas the expanded group (section four) 
viewed it on day 1, 2, 4, 8 and 15. Both groups saw and heard the words of the 
PowerPoint five times using the ‘one plus four’ design and each time the order of 
words was different.

4 Tests

Three post-tests were carried out after each experiment, one the day after the last practice 
(test 1), one four weeks after the last practice (test 2), and one 8 weeks after the last 
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practice (test 3). In all tests, the English word was given and participants had to write 
down the German word.

5 Limitations

In a classroom study it is difficult to control all factors that might influence how stu-
dents perform. Although great care was taken in the selection of words for this study 
as well as in the procedure, such as collecting the lists of words students had written 
down after each session, there was the possibility that some students would be exposed 
to some of these words when studying at home. In my experience, having carried out 
similar studies in the past, the effect is balanced, that is, there are one or two students 
like that in each group. Since the study compared groups, this effect of extra exposure 
to the words acquired should not have had a major impact on the results.

Another limitation was that the uniform interval was not truly uniform due to schedul-
ing issues as outlined above. However, the length of the study, in particular the second 
experiment where students had five encounters over 15 days, should have minimized this 
problem.

IV Results

A multivariate analysis of variances was carried out on the 39 words practiced comparing 
the word categories (content words vs. function words) in relation to the interval (uni-
form vs. expanded). This was done for each test.

1 Experiment one

Test 1 was carried out one day after the last repetition. The average score of participants 
using the expanded interval was higher than of those participants using the uniform inter-
val, although differences were not statistically significant (F(1,74) = 1.784, p > .05). In test 
2, the average scores of students in both groups were similar, indicating that retention 
scores of the expanded group dropped more compared to the uniform group (F(1,74) = 
1.221, p > .05). In test 3, both groups continued to drop their average scores, the expanded 
group a bit more than the uniform group, thereby widening the gap between them but again 
differences were not statistically significant (F(1,74) = 1.000, p > .05). In both groups the 
standard deviations were large, in particular in test 3, in relation to the average scores, 
indicating that some students did not remember any or only very few words (Table 1).

In all three tests of the uniform group, differences between content and function words 
were statistically significant (Test 1: F(1,37) = 3.573, p < .05) / Test 2: F(1,37) = 3.058, 
p < .05) / Test 3: F(1,37) = 2.965, p < .05). Students recalled content words significantly 
more than function words. The decreases in the group’s scores from test 1 to test 2, as 
well as from test 2 to test 3, were similar across content and function words (Table 2).

In all three tests of the expanded group, differences between content and function 
words were also statistically significant (Test 1: F(1,37) = 2.870, p < .05) / Test 2: F(1,37) 
= 2.676 p < .05) / Test 3: F(1,37) = 2.068, p < .05). It was interesting to note that decreases 
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in the group’s scores from test to test were particularly high for function words. Logically, 
the decreases are more substantial because on short-term gains (test 1) the expanded 
group obtained higher mean scores than the uniform group. However, the long-term test 
(test 3) scores for content and function words were also both lower compared to the uni-
form group. The students using the uniform interval had lower scores on short-term gains 
to begin with, but then did not forget as many words in the long-run as those students 
using the expanded interval (Table 3).

Overall, it should to be noted that retention rates on long-term retention were in line 
with Milton’s (2009) observation that many words are forgotten indeed. A possible 
explanation lies in the ‘one plus three’ design that was one repetition less than what had 
been shown in a previous study (Schuetze & Weimer-Stuckmann, 2011), which had 
revealed higher retention rates. The second experiment therefore increased the number 
of repetitions by one to a ‘one plus four’ design.

Table 1. Experiment 1: Tests 1, 2, 3 all words retention scores.

U mean SD E mean SD F Significance

Test 1 14.20 9.80 18.50 11.61 1.784 .189
Test 2 13.97 11.00 13.91 12.12 1.221 .641
Test 3 12.12 9.38 10.83 8.34 1.000 .386

Note. The Mean refers to the average score of all participants in each group (U = uniform interval group, 33 
participants; E = expanded interval group, 43 participants).

Table 2. Experiment 1: Tests 1, 2, 3 uniform group content vs. function words.

Content mean SD Function mean SD F Significance

Test 1 17.66 10.16 8.44 5.98 3.573 .039
Test 2 16.80 10.42 7.44 5.10 3.058 .030
Test 3 15.66 10.12 6.22 4.56 2.965 .020

Note. In all tests, the number of participants was 33 in the group using the uniform interval. The Mean refers 
to the average score of all participants in the uniform group.

Table 3. Experiment 1: Tests 1, 2, 3 expanded group content vs. function words.

Content mean SD Function mean SD F Significance

Test 1 21.33 12.17 10.11 7.42 2.870 .040
Test 2 17.00 10.42 7.11 5.10 2.676 .019
Test 3 14.13 10.82 4.66 2.90 2.068 .015

Note. In all tests, the number of participants was 43 in the group using the expanded interval. The Mean 
refers to the average score of all participants in the expanded group.
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2 Experiment two

The pattern the analysis brought to light in experiment two was similar to that in experi-
ment one. The expanded group had higher retention rates in test 1 (F(1,46) = 1.840, p > 
.05) but the uniform group in test 3 (F(1,46) = 1.206, p > .05). Interestingly, in test 2 the 
participants using the expanded interval obtained higher mean scores than participants 
using the uniform interval (F(1,46) = 1.154, p > .05). In experiment 1, test 2 scores had 
been similar. In both groups, standard deviations were not large indicating that there 
were not great fluctuations within the group as had been the case in experiment 1. In 
comparison to experiment 1, scores in all tests by both groups were higher. The extra 
repetition in the ‘one plus four’ design was beneficial to students in both groups. Taking 
into account the standard deviations in both experiments, it seems that having one more 
practice particularly helped students with lower scores to catch up. Furthermore, on 
short-term retention, students working with the expanded interval were able to recall 
words for several weeks before eventually the scores of these students dropped when 
tested 8 weeks after the last practice (Table 4).

In all three tests of the uniform group, differences between content and function words 
were statistically significant (Test 1: F(1,37) = 5.605, p < .05) / Test 2: F(1,37) = 3.145, 
p < .05) / Test 3: F(1,37) = 3.954, p < .05). Students recalled content words significantly 
more than function words. As in experiment 1, the decreases in the group’s scores from 
test 1 to test 2, as well as from test 2 to test 3, were similar across content and function 
words (Table 5).

As in experiment 1, differences between content and function words were statistically 
significant across tests (Test 1: F(1,37) = 5.915, p < .05) / Test 2: F(1,37) = 5.721, p < .05) 

Table 4. Experiment 2: Tests 1, 2, 3 all words retention scores.

U mean SD E mean SD F Significance

Test 1 17.43 7.05 21.90 7.49 1.840 .183
Test 2 15.97 6.88 18.01 6.70 1.206 .653
Test 3 14.42 6.43 12.01 6.12 1.154 .296

Note. The Mean refers to the average score of all participants in each group (U = uniform interval group, 24 
participants; E = expanded interval group, 24 participants).

Table 5. Experiment 2: Tests 1, 2, 3 uniform group content vs. function words.

Content mean SD Function mean SD F Significance

Test 1 22.16 7.87 10.01 4.21 5.605 .022
Test 2 20.50 7.72 9.14 3.57 3.145 .013
Test 3 18.83 7.15 7.77 4.56 3.954 .008

Note. In all tests, the number of participants was 24 in the group using the uniform interval. The Mean refers 
to the average score of all participants in the uniform group.
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/ Test 3: F(1,37) = 3.870, p < .05). A closer look at function words indicated that students 
using the expanded interval seemed to forget those types of words quickly (Table 6).

In summary, repeating words four times (one plus four) led to higher recall rates than 
repeating them three times. In both experiments students using the expanded interval to 
repeat words for learning were more successful on short-term gains than students using the 
uniform interval, but on long-term retention, the uniform group obtained higher mean 
scores than the expanded group. This was consistent for content and function words. 
Overall, students of both groups recalled content words more successfully than function 
words. Retaining function words seem to be particularly difficult for learners using the 
expanded interval.

It also needs to be mentioned that within the content word category, longer and pho-
nologically similar words were recalled the least, although the small number of words 
used did not allow for a statistical analysis. Although this indicates that processing these 
types of words is not only difficult in first-language acquisition, something Baddeley 
(1966) and Baddeley, Thomson, and Buchanan (1975) found a long time ago, but also in 
second language acquisition.

V Discussion

The results showed how important it is to distinguish between short-term gains and long-
term memory, and to carefully choose the point of testing (Balota, Duchek, & Logan, 
2007; Roediger & Karpicke, 2010). In both experiments, the expanded group did well on 
test 1 but eventually their scores started to drop. The uniform group was more consistent, 
starting with lower scores in test 1, but not forgetting as many words in the long-run as 
the expanded group and consequently having slightly higher scores in test 3.

It needs to be noted that none of the differences regarding the retention rates compar-
ing both groups directly were statistically significant. Using a ‘one plus four’ design 
improved the rates, in particular for the expanded group, on short-term gains. In the lit-
erature on second language vocabulary there is some discussion about how often a word 
needs to be repeated. A survey by Schmitt (2008) showed that suggestions range from 
3–20 repetitions. Naturally this depends on the word itself, as this study has shown, as 
well as on the learning situation, for example the level of proficiency and the learning 
environment. In the context of undergraduate students speaking English as an L1 acquir-
ing a Germanic language at college or university at the beginner’s level it seems that five 
encounters would be a good way to start.

Table 6. Experiment 2: Tests 1, 2, 3 expanded group content vs. function words.

Content Mean SD Function Mean SD F Significance

Test 1 23.13 8.34 13.76 6.63 5.915 .039
Test 2 21.96 8.40 9.11 3.92 5.721 .025
Test 3 18.00 7.79 6.26 2.84 3.870 .011

Note. In all tests, the number of participants was 24 in the group using the expanded interval. The Mean 
refers to the average score of all participants in the expanded group.
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In regards to processing, the results supported the hypothesis that learners recall more 
content words than function words and have difficulties recalling longer and phonological 
similar words. This was consistent using both, the uniform and the expanded interval. The 
results support our understanding of the phonological loop (Baddeley, 1999, 2007; 
Baddeley & Hitch, 1974; Gathercole & Alloway, 2008), as content words carry more 
information in terms of their lexemes and can therefore be discriminated using less repeti-
tions than function words. The results give support to Schmitt’s (2010) observation that 
second language learners report having difficulties learning function words. For teaching 
and learning, it might be helpful to not just follow suggestions made in textbooks or lan-
guage programs that group words by theme or grammatical category, but to pay attention 
to the underlying factors of processing a word, such as the division between content and 
function words. If words are presented in textbooks or language programs by theme or 
grammatical category, the ones that are more difficult to process could be marked which 
might give students a better chance to acquire words in the long-run, repeating those 
marked words more often and using a uniform interval.

Furthermore, the results of the previous spacing study by Schuetze and Weimer-
Stuckmann (2011) using the online platform ViVo© (Virtual Vocabulary) that provided a 
context for each word using a ‘one plus four’ design, were replicated with some varia-
tion. On short-term retention, there were no statistically significant differences between 
the uniform and the expanded group, but the expanded group did outperform the uniform 
group. On long-term retention, tests being carried out 8 weeks after the last practice, did 
not show statistically significant differences, either, although the trend favored the uni-
form group. The statistically significant differences that had been found in the 2011 
study had occurred several months after the last practice.

The question then is what these results imply for the learner. When choosing one 
interval over the other, one might want to think about the learning goal when acquir-
ing all these new words. If the goal is to learn words quickly in order to go on a vaca-
tion, for example, the expanded interval might lead to some success. If the goal is to 
study a language for a longer period of time, taking another course the following 
semester, it might be worth thinking about embracing the uniform interval. Most 
interesting in this context were the differences between content and function words. 
It seems that function words in particular are subject to a high rate of forgetting using 
the expanded interval, and are not retained all that much to begin with using either 
interval. At the same time, knowing those function words to formulate complete sen-
tences is an important feature when learning another language. It might be helpful to 
use the uniform interval when acquiring these types of words and extending the num-
ber of repetitions beyond five. In addition, those words might be studied in the con-
text of a phrase. As function words bind content words to a sentence, sometimes 
function words are presented in textbooks or learning programs by providing example 
sentences. The preposition ‘to’, for example, has several equivalents in German such 
as zu, nach, bis, an or auf. If an example sentence for each of those equivalents is 
provided, the process of acquiring that preposition is different than that of a content 
word, as the meaning of the preposition changes with the context. Although content 
words are also subject to having multiple meanings, they are perceived as independ-
ent due to the rich lexeme they carry (Aitchison, 2003). As a practical application it 
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might then be helpful to develop flashcard systems that are somewhat more sophisti-
cated than the standard design that is based on expanding intervals providing discrete 
lexical items. These modified types of flashcard systems would apply both intervals, 
depending on the learner’s goal as well as the type of word to be acquired. As an 
option they would provide sample sentences where necessary. Naturally, in view of 
the task of learning many new words in a relatively short period of time in a beginning 
second language class, the challenge is always to find a balance between number of 
words acquired and time spent to do so.

There are more questions to be answered in future research. One of them is to find 
out more about the rate of forgetting, as it was more evident in the expanded than the 
uniform group. A study could be designed to have students learn words until all of 
them have been acquired and then measure the rate of attrition in a series of post-tests. 
However, this type of study would likely have to be carried out outside the classroom 
as it poses some challenges to fit into a teaching schedule. A variation of that kind of 
study could be to use the methodology presented here but with less words. Having to 
practice less words might increase the recall rates on short-term gains, and if subse-
quently those rates are high, there is a possibility that long-term rates are higher as well 
as learners have a larger pool of words to draw from and consequently to forget.
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Appendix I

Word list

Part 1: Content words (nouns / verbs / adjectives): 24 total

Nouns:
der Turm, das Dach [the tower, the roof]
der Staatsangehörige, das Sonnenschutzmittel [the national, the sunscreen lotion]
die Liebe, die Niederlage [the love, the defeat]
der Berg, die Burg [the mountain, the fortress]

Verbs:
malen, trocknen [to paint, to dry]
beabsichtigen, vervollständigen [to intend, to complete]
freuen, weinen [to be happy, to cry]
rauchen, saufen [to smoke, to drink]

Adjectives:
schnell, tief [fast, deep]
rätselhaft, notwendig [mysterious, necessary]
elend, verrückt [miserable, crazy]
kühl, schwül [cool, humid]

Part 2: Function words (adverbs / conjunctions / prepositions): 15 total

Adverbs:
vielleicht, eigentlich, schon, wirklich, meist [perhaps, actually, already, really, mostly]

Conjunctions:
sondern, nachdem, deshalb, denn, obwohl [but, after, thus, because, although]

Prepositions:
seit, zwischen, mit, auf, jenseits [since, between, with, on, beyond]
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