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Learning material with different difficulty: 
When is testing more beneficial than study? 

 
Sara Vilhelmsson 

 

 
Repeated testing is known to promote more lasting memories than repeated 

study of the same material. This thesis tested the hypothesis that the benefit of 

repeated testing, compared to repeated study, should be more evident for 

difficult than for easy material. This effect should be due to the potential 

demand for more effortful retrieval of difficult material, and thus, following 

the “retrieval effort hypothesis”, difficult material should lead to better 

memory. A test-group and a study-group encountered easy related word-pairs 

and difficult unrelated word-pairs under different learning conditions. 

Afterwards, participants did one test directly after training and one after a one 

week delay. Repeated measurement ANOVA was used to investigate 

differences in number of correct recalls within categories and between groups 

with 18 participants in each condition. The results replicate results from 

previous studies, indicating that testing is better than study for long-term 

retention. Interestingly, the test-group benefitted on both easy and difficult 

material compared to the study-group, but on average forgot more word-pairs 

within the difficult category than in the easy category. This is in contrast to 

what might be predicted by the “retrieval difficulty hypothesis” and suggests 

that the effect of testing on difficult material is more fragile than the effect on 

easy material.  

 

A desirable effect of learning is for it to be long-lasting and not vanish shortly after 

encoding. Common beliefs among both scientists and commoners have been that you 

learn by studying a material repeated times and take tests to assess if the encoding 

has been effective or not. The purpose of taking tests in this view is essentially to 

have a measurement of what was learned. In contradiction to this belief, taking tests 

during encoding-phases is demonstrated not to merely be a neutral way to diagnose 

learning, but it actually boosts learning. The effect usually lasts over longer periods 

of time compared to using only „cramming‟ (study-restudy) (see e.g. Roediger & 

Karpicke, 2006; Karpicke & Roediger, 2008; Glover, 1989). This effect is called the 

testing-effect (Glover, 1989).  

Why might testing be such a strong method of learning? The most influential 

hypotheses points to the importance of memory retrieval that is necessary during 

testing (e.g. Roediger & Butler, 2010). One hypothesis states that when using testing 

as a tool for learning, repeated retrieval creates stronger memory traces which you 

can recall more efficiently over longer periods of time than when using study-restudy 

(e.g., Bjork & Bjork, 1992; Karpicke & Roediger, 2010). Another theoretical account 

suggests that active retrieval of knowledge creates more elaborated memory traces 

than when only studying a material (e.g., Pyc & Rawson, 2010).  
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But so far, very little is known about how the testing-effect generalizes to material of 

different difficulty. From the outset, we can identify three different scenarios. First, if 

testing creates stronger memory traces because of repeated retrieval, testing should 

benefit learning of both easy and difficult material to the same extent, as long as the 

material is retrieved during testing (Karpicke & Roediger, 2010). On the other hand, 

if testing creates more elaborated memory traces as a function of repeated retrieval, 

there are reasons to expect that the effect should be more pronounced for easy 

material. For easy material, the creation of such elaborated memory traces should be 

more practical than for difficult material (Pyc & Rawson, 2010). The third possibility 

follows from the retrieval effort hypothesis (Pyc & Rawson, 2009). The retrieval 

effort hypothesis suggests that more difficult retrievals from memory creates stronger 

long-term retention of the material and thus, we would expect repeated testing to be 

extra beneficial for difficult material.  

In this study, the question of how the testing-effect generalizes to differently 

difficult material will be investigated with a cued-recall paradigm of word-pairs, 

popular in previous studies of the testing-effect (e.g. Roediger & Karpicke, 2006a). 

The number of correctly recalled words, but also reaction times and metacognitive 

insight will be used to try to converge on a first answer.  

 

What is the testing-effect? 
The testing-effect is known to boost learning and to cause much better long-term 

retention compared to cramming (see e.g. Roediger & Karpicke, 2006; Karpicke & 

Roediger, 2008; Glover, 1989). The testing-effect is especially pronounced when 

using free recall and cued recall tests (e.g. Brewer, Marsh, Meeks, Clark-Foos & 

Hicks, 2010) and have been replicated in various circumstances, for example in 

learning and recall of cued words and remembering pictures (e.g. Carpenter & 

DeLosh, 2006). The benefit of testing is not a new phenomenon. The benefits of 

using this technique was already known 1890 when William James argued about 

testing and the benefits of using it. ”A curious peculiarity of our memory is that 

things are impressed better by active than by passive repetition. I mean that in 

learning (by heart, for example), when we almost know the piece, it pays the book 

again. If we recover the words in the former way, we shall probably know them the 

next time; if in the latter way, we shall very likely need the book once more. (p. 646)”  

A common way of studying the testing-effect is to manipulate how material is 

learned by dividing people into two learning categories when encoding: testing vs. 

cramming (e.g. Roediger, Agarwal, Kang & Marsh, 2010). An example of how the 

testing-effect has been investigated is in an experiment by Roediger and Karpicke 

(2006a) where they tested how important retrieval, or taking tests, actually is for 

learning. Roediger and Karpicke (2006a) used a foreign language vocabulary with 40 

english-swahili word pairs and examined the contributions of repeated study vs. 

testing by using flash cards and drop card conditions.  When an item was recalled 

correctly, the item was dropped from study but still tested in all conditions, dropped 

from study periods but still tested in one condition or dropped from test periods but 
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still studied. The results demonstrated that testing, and not studying, is beneficial for 

long-term retention.  

 

Why is it important to understand the testing-effect? 
The testing-effect has been studied sporadically over the years, but today there is a 

renewed effort to learn and understand more about it, especially to be able to apply 

testing in educational settings and to improve our school system (e.g. Roediger & 

Karpicke, 2006a). By understanding why testing enhance learning, we get insight 

into how we learn and process information in our daily life. Also, we get a powerful 

tool which can potentially improve our school system and give students and people 

with impaired cognitive abilities a more effective way of learning (e.g. Kornell & 

Bjork, 2009). Today, most teachers use testing to assess student‟s knowledge after 

repeated study of a material; perhaps unaware of that they could use testing as a 

technique to boost faster learning (Kornell & Bjork, 2007). 

Several studies have investigated how students perceive their learning and how 

they study (Kornell & Son, 2009). As mentioned above, a common belief is that the 

correct way of encoding new information is to simply study it over and over again 

and take a test in the end to see if you have learned well enough. Although the effect 

of testing is known among scientist, few use it in everyday life. Testing has got a 

negative tone in the world of education and few appreciate how useful it is (Roediger 

& Karpicke, 2006a). This is a problem; people tend to use cramming strategies to 

gain information even though at least some of them recognize the importance on 

using testing as a technique of learning (Kornell & Son, 2009).   

 

Explanations of the testing-effect 
Even though there are numerous demonstrations of the testing-effect, it is not yet 

fully understood exactly why it occurs. Hypothesises about why testing enhance 

learning beyond additional exposure are currently tested in various ways. A few 

different explanations have been offered (Carpenter & DeLosh, 2006).  

An early explanation, which for a long time was considered the most likely 

explanation, is the transfer appropriate processing hypothesis (Brewer et. al, 2010). 

This hypothesis states that the benefits of testing stems from the fact that when 

retrieving items at the delayed test occasion, the test-group have already experienced 

a similar situation compared to the study-group. According to this, it might be the 

similarity between different testing occasions that creates the testing-effect. If the 

tests are very similar, it would in accordance to this theory lead to a larger effect 

(Brewer et. al, 2010). However, a study by Carpenter and DeLosh (2006) tested this 

by giving an initial test that included free recall or cued recall conditions. The follow-

up test was designed so that some of the retested items were similar to the previous 

test and some were not. Results showed that it was likely not similarities with 

previous tests that benefitted learning; instead, items which were learned from free 

recall had the highest scores, regardless of test condition. Carpenter (2009) argues 

that this suggests that the testing-effect arise from retrieval while learning and not 

from similarities between testing opportunities.  
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More relevant explanations about the testing-effect mainly focus on the processing 

that takes place during the intervening test, suggesting that the effect is caused during 

active retrieval. There are three main explanations with different focus on the process 

taking place during the intervening test.  

One hypothesis states that when using testing as a tool for learning, repeated 

retrieval strengthen memory traces and/or the retrieval routes so that memories can 

be recalled over longer periods of time compared to cramming (Bjork & Bjork, 

1992). This theory address this issue by claiming that retrieval practice is the most 

important factor of the testing-effect, suggesting that it is the retrieval itself that cause 

the effect (Bjork, 1992). The retrieval strength hypothesis has often been connected 

with expanding retrieval, suggesting that the time between retentions is what 

strengthens routes. Karpicke and Roediger (2010) tested this by manipulating 

expansion-time between retrievals by letting participants study text passages and 

retrieve information with expanding time between retrievals and equal time between 

retrieval. Results however indicate that retrieval routes strengthen the most when 

retrieving information with equal spacing between retrievals. Karpicke and Roediger 

(2010) argue that retrieval routes strengthens when using repeated study and test with 

equally spaced  retrievals more because when using expanding retrievals, the first 

occasions take place before a stimuli has been properly encoded, suggesting that 

retrieval need time to be strengthened. Therefore, not all retrievals get the same 

strength when using expanding retrieval and therefore a stronger effect is created 

with equal spacing. After repeated retrievals, the retrieval routes become stronger 

which causes better accuracy during retention. The effect is persistent over longer 

periods of time compared to repeated study (Karpicke & Roediger, 2010).     

Another hypothesis suggests that testing improve memory by supporting the use of 

more-effective cue-elaborations or mediators during encoding, the elaborative-trace 

hypothesis. A mediator is a word, a phrase or a concept that link a cue to a target (Pyc 

& Rawson, 2010). Testing reveals which items that already have strong mediators 

and which ones that requires further encoding, providing support to distinguish 

between items that are well learned and those who are not. Therefore cue-

elaborations become stronger when testing because it provides the possibility to 

replace weak cues whereas when restudying the same material, you do not(see 

e.g.Pyc & Rawson, 2010; Roediger & Butler, 2010). A recent study highlights the 

Mediator effectiveness hypothesis (MEH) which assumes that mediators created 

during testing are more subsequently retrieved and decoded which increase target 

responses compared to mediators created during repeated study (Pyc & Rawson, 

2010). After delay, target responses are therefore much higher when learning through 

tests compared to cramming. Pyc and Rawson (2010) recently tested this theory and 

found some support for this hypothesis when testing retrieval of mediators and 

retrieval of targets at a final test. Results support this hypothesis, indicating that both 

a study-group and a test-group benefit from using mediators but the effect is more 

pronounced when using active retrievals. 

A third hypothesis suggests that not all retrievals from memory are created equal. 

Bjork (1994) highlights the desirable difficulty framework which states that difficult 
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and successful processing from memory will cause better learning than difficult but 

unsuccessful processing. Pyc and Rawson (2009) discuss this in a more provocative 

sense; difficult and successful retrieval from memory should be more effective than 

easy and successful retrieval from memory and highlights the retrieval effort 

hypothesis to explain this phenomenon. The basic claim of this hypothesis is that not 

all successful retrievals are created equal. More difficult retrievals are better for 

memory than less difficult retrieval. Pyc and Rawson (2009) recently tested this by 

manipulating the interstimulus interval (ISI): the number of items between each next 

practice trial, and criterion level: amount of correct retrievals on different retrieval 

difficulty. The prediction that the final test performance would be greater for items 

correctly retrieved after longer ISI compared to shorter ISI due to more effortful 

processing and that the number of times an item was correctly retrieved also would 

affect the outcome of final performance. Participants practiced seventy english-

swahili word-pairs until all items could be recalled correctly a specific amount times 

(1, 3, 5, 6, 7, 8, or 10 correct retrievals per item during practice) with short vs. long 

ISI as between subject‟s manipulation. After delay, participants returned and did a 

follow-up test. Result confirmed this hypothesis, in essence showing positive effects 

on retrieval if there was a long ISI. If items were retrieved many times, the gain in 

correct recalls declined the more often items were retrieved. They interpreted the 

results as that difficult retrieval is more desirable than easy retrievals (Pyc & 

Rawson, 2009). 

 

Explanations of the testing-effect in relation to stimulus difficulty 
What do the main theoretical accounts of the testing-effect predict in terms of 

stimulus difficulty? Studies about the testing-effect have investigated different 

frameworks about how a material is most effectively encoded and therefore better 

retained after delay (e.g., Carpenter, 2009; Bjork & Bjork, 1992; Bjork, 1994; Pyc & 

Rawson, 2009).   

The retrieval strength hypothesis highlights that the effect of testing is created 

during retrieval from memory. Repeated retrievals strengthen memory routes and 

cause stronger retention after delay compared to cramming (Karpicke & Roediger, 

2010; Bjork, 1992).  This theory suggests that if a material is retrieved the same 

number of times, the power of testing should be equal independent of item difficulty 

since all retrievals strengthens retrieval routes in the same way (Karpicke & 

Roediger, 2010). A prediction following from this hypothesis is that within a test-

group, retrievals are equally pronounced independent of whether the material is easy 

or difficult.    

The elaborative-trace hypothesis on the other hand suggests that when learning 

related, semantic material (e.g., honey - bee) people establish strong elaborations to a 

specific cue which cause stronger retrievals from memory (Bartlett, 1977). Anderson 

(1976) describe how the unrelated cue-target chair-dog can be learned in a semantic 

way by thinking about how the dog love his master, but also love to rest in his 

masters chair. His master has a particular chair he likes, a black velvet chair, and one 

day when his master is out, he climbs up to it. When his master later comes home and 
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looks at the chair, the dog is scolded for leaving white hairs all over it. Because of the 

various connections between dog-chair, future recall is now spread to any of the 

words that are now connected to various different concepts (e.g., dog -love -master -

chair; dog-scold master- chair; dog-sit- chair; dog-climb-chair) which results in 

multiple pathways of activation and the creation of a more semantic relationship. 

Generating this kind of elaboration is beneficial for future recall because it provide 

more information to activate the target (Anderson, 1976; Bartlett, 1977). Koriat 

(2008) further explains this as an effect of outside world influence where simple, 

familiar and probable targets exists in your surrounding and work like cues, which 

are used during retrieval of a specific target. Koriat (2008) argue that easy-

remembered items provide a feeling of easier access that affect the retrieval rate. 

Predictions made from this hypothesis points toward that easy material should benefit 

more from testing since the creation of cue-elaborations should be more successful 

when the material is easy and related.  

Pyc and Rawson (2009) discuss the retrieval effort hypothesis and highlight that 

difficult retrieval from memory benefits learning more than easy retrieval from 

memory. This hypothesis stems from the desirable difficulty framework which states 

that successful but difficult processing will be more beneficial than any kind of 

unsuccessful processing for memory (1994). Studies which have investigated these 

hypotheses (Pyc & Rawson, (2009); Bjork 1994) have mainly focused on 

manipulating the difficulty of retrieval as a consequence of how information is 

learned (see page 4), not specifying retrieval difficulty in terms of material difficulty. 

However, taking the predictions made from the retrieval effort hypothesis a step 

further, this hypothesis suggests that learning material of different difficulty might 

cause the same effect due to effortful processing when learning difficult material.  

In sum, there are (at least) three potential scenarios when it comes to 

understanding the testing-effect and its relation to stimulus difficulty. According to 

the retrieval strength hypothesis, material difficulty shouldn‟t matter as long as all 

items are retrieved the same amount of time, causing the same retrieval rate 

independent of difficulty (Karpicke & Roediger, 2010). The elaborative-trace 

hypothesis indicates that there seems to be a better elaborative effect when learning 

easy and already related semantic material which causes better long-term retention 

(Pyc & Rawson, 2010). A final framework suggests that retrieval effort creates 

stronger memory traces when processing is difficult and weaker memory traces when 

processing is easy, suggesting that difficult material should have a similar positive 

effect as difficult retrieval (Pyc & Rawson, 2009).  

In the current study, it is hypothesized that when learning a material with different 

difficulty, the most likely outcome of testing would follow from the retrieval effort 

hypothesis, suggesting that processing of difficult material requires more effort and 

therefore is better encoded than easy material. This assumption is made on the basis 

of the recent evidence that testing benefit difficult retrieval from memory more than 

easy retrieval from memory (Pyc & Rawson, 2009).  
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Retrieval times, stimulus difficulty and the testing-effect 
We know that practice is generally known to shorten reaction times (Logan, 1992).  

During recall of a specific target, it takes a certain amount of time to react and recall. 

Reaction times on a retrieval task should be a good proxy for retrieval time. 

Therefore, one might assume that testing enhance reaction times more than only 

studying a material since testing provides more practice of retrieval. These times 

should differ because of many different factors, for example how difficult it is to 

retrieve something from memory (Bentin & Muschovitc, 1988). The improved 

identification of a stimulus, or faster reaction times, is known as the repetition effect. 

A common interpretation of the repetition effect is that the initial presentation of an 

item or stimuli temporarily activates a representation in memory which is easier to 

access if it has been repeated and reactivated than if it hasn‟t been repeated (Morton 

& Clarke, 1983).  

When looking at retrieval times and the repetition effect in light of the different 

explanations of the testing-effect, the predictions of how retrieval times are affected 

might differ.  

Predictions made from the retrieval strength hypothesis would mean that retrieval 

times would be affected in the same way regardless of difficulty due to that retrieval 

strengthens memory of retention (Karpicke & Roediger, 2010; Bjork, 1992). 

Predictions made from the elaborative-trace hypothesis would expect faster retrieval 

times when retrieving easy items and slower retrieval times when retrieving difficult 

items due to stronger cue-elaborations for easy material (Pyc & Rawson, 2010). 

Predictions made from the retrieval effort hypothesis on the other hand suggest that 

retrieval times would benefit more from difficult material compared to retrieval  of 

easy items due to the benefit of more effortful processing (Pyc & Rawson, 2009; 

Carpenter, 2009). Given that learning material with different difficulty benefit from 

testing and follow the retrieval effort hypothesis, (Pyc & Rawson, 2009) retrieval 

times of difficult material should benefit more from testing compared to retrieval 

times of easy material.  

 

Metacognition and the testing-effect 
It has been demonstrated that, depending on which technique used when learning, 

people judge their own state of learning differently (Kornell & Bjork, 2009). Those 

who are overconfident tend to choose to study less than those who are 

underconfident, causing better encoding for those who are underconfident and worse 

encoding for those who are overconfident (Metcalfe & Finn, 2008). Judgements of 

learning (JOL‟s) and judgements of performance (JOP‟s) are often used as a 

measurement of people‟s metacognitive insight because they are very much related to 

decisions made in everyday life (Kornell & Bjork, 2009).  

There is a lot of evidence supporting that metacognitive insight is not based on 

direct access to memory traces, but instead is dependent on inferential processes 

which occur in internal and external cues. This is called the cue-utilization 

framework of metacognition (Koriat, 1997). In a more recent study, Kornell and 

Bjork (2009) found that people who have learned from repeated testing tend to be 
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very underconfident about their learning after delay compared to those who have 

learned from cramming. Participants become under-confident because their memory 

improves between previous tests and the upcoming test, but they fail to adjust their 

knowledge accordingly. This is referred to as the under-confidence with practice 

effect (Koriat, Sheffer, & ma‟ayam, 2002).  Kornell & Bjork (2009) provides further 

explanations to this hypothesis and suggests that people do not use internal and 

external cues when making metacognitive judgments about learning. Instead, people 

rely on standardized JOL- and JOP-type judgments which lead them to the prediction 

that they can do only as well on future recalls as they anticipated doing on the 

upcoming test as well as their memory state would allow, causing under-confidence.  

Testing is generally known to cause underconfidence when making metacognitive 

judgments. Less is known about how metacognition is affected by learning a material 

containing different item difficulty. However, by investigating how metacognitive 

insight is affected by different item difficulty, further insight in how people 

appreciate their knowledge when learning through taking tests becomes necessary 

which provides better insight in how the testing-effect may occur.  

When testing items with different difficulty, predictions of metacognitive insight 

should follow the explanation given by Koriat, (1997) and Kornell and Bjork (2009) 

about how people use internal and external cues. This should cause the under-

confidence with practice effect, making people in a test-group more underconfident 

about learning and performance after delay compared to a study-group.  

 

Purpose 
From the retrieval effort hypothesis, it is suggested that difficult retrieval from 

memory results in a stronger testing-effect compared to less difficult retrieval (Pyc & 

Rawson, 2009). Previous research have mainly focused on answering the question 

whether testing benefits retrieval difficulty, but there seems to be insignificant 

documentation regarding if testing enhance learning and long-term retention of 

difficult material compared to learning easy material. The aim of this study is to 

clarify to which extent testing benefits learning and recall when learning a material 

with different difficulty compared to cramming to understand what causes the 

testing-effect. To investigate this, the indications of the retrieval effort hypothesis are 

taken a step further: testing should have a more pronounced benefit on difficult 

material compared to learning easy material. This is investigated in light of retention 

rate, retrieval times and (partly) metacognition. However, cognitive abilities might 

influence this effect, especially working memory (WM) capacity (Eysenck & Keane, 

2005). Therefore, when testing this effect, one has to make sure that the cognitive 

abilities of the subjects in the two groups are at equal levels, otherwise learning and 

recall can be affected by the fact that some subjects are simply better or worse at 

holding information in working-memory and therefore get more effective training 

because of higher working-memory capacity (Eysenck & Keane, 2005). 
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Issue at question 

1. The first question aims to answer whether testing yield more long-lasting 

learning of very difficult material compared to a study-group. 

2. The second question aims to answer whether testing affects retrieval times 

when correctly recalling a target.  If testing indeed affects memory and 

learning, does testing also give faster retrieval times during test compared to 

retrieval times within a study-group? And furthermore, if testing especially 

affects learning of very difficult material, do participants in a testing 

condition recall difficult material faster from memory than participants within 

a study condition, compared to recalling easy material? 

3. The third question aims to answer how JOL and JOP are affected by testing 

and by studying, and to some extent when testing material with different item 

difficulty. 

 

Hypothesis 

1. Repeated testing should be more beneficial for long-term retention than 

repeated study. 

2. This effect should be more pronounced for difficult than easy material. 

 

a. Number of correct words recalled in both word-categories should be 

higher in the test-group compared to the study-group after delay. This 

effect should be especially pronounced on number of correct word-pairs 

of difficult material. 

b. Retrieval times are decreased by testing due to active retention of 

information. Retrieval times of difficult material should be faster within 

the test-group compared to the study-group. 

c. JOL and JOP are affected of testing and cause under-confidence in the 

test-group after delay. 

Experiment 

To test this, two learning conditions, study-restudy vs. study-test, with 20 participants 

in each group, studied a list of word-pairs. Half of the word-pairs were „difficult‟, i.e. 

the words were long and unrelated to each other. Half of them were „easy‟ i.e. the 

words were short and related to each other. After repeated training, all participants 

took a test where they recalled as many targets of the word-pairs as possible, when 

only given one of them as a cue. After a one week delay, participants took another 

test to investigate whether the testing-effect was as strong as suggested. To 

investigate the influence testing has on learning, it was measured how many words 

that were correctly retained from both categories immediately after training and after 

a one week delay. Retrieval times during recall after training and after one week 

delay were also of interest. To further investigate the testing-effect of different 

stimulus difficulty, metacognitive insight was used as a measurement of how the 

different groups perceive their learning. To control if the study-group and the test-

group had equal working memory ability, an n-back test was used as a control 

measure to verify that participants working memory capacity was equal between 
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groups. N-back is generally known two influence performances negatively when 

updating strategy, creating a good measurement of a person‟s working-memory 

capacity. The effect of the n-back design used in this experiment have previously 

been tested by Erika Dahlin (2009). 

 

Method 
 

Participants and design 
The forty participants were mainly students at the Umeå University (19 women and 

21 men) between the ages of 19 and 38. They received a payment of 250 SKr for 

participating in the study. All participants, except three, were undergraduate students. 

All participants received information about the experiment beforehand and had given 

written consent before beginning. The experiment was a between-subjects design 

where participants were randomly assigned into a study-group (20 subjects) and a test 

group (20 subjects). Two different categories of word-pairs were used in a wordlist 

containing 60 words as within-subject manipulation. The study-group studied the 

words seven times (S-S-S-S-S-S-S) while the test group got a combined study-test 

seven times (S-T-S-T-S-T-S). See figure 1 for design. Participants received 

information about the task before both sessions. 

 
Figure 1.  Procedure of the experiment. Instructions were given to both groups before 

randomly assigning participants into two learning conditions (study-test and study-

restudy). After the learning phase, a short mask with a slideshow of pictures was 

presented before taking a cued-recall test on the word-pairs encoded during learning. 

After one week delay, participants did another cue-recalled test.  
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Stimulus 
Two different categories of English word pairs, related, short and easy word pairs, vs. 

unrelated, long and hard word pairs, were used in a word list containing 60 words 

pairs (see Appendix).  All word-pairs and requirements used in this study had been 

chosen and tested in a previous study about learning by Kornell and Bjork (2009). 

The requirement of the related word pairs had been set to at least 0.05 probability of 

correct associative answer (about 5% of the people tested in their study related the 

words, for example aircraft-helicopter) and at least four letter long. The requirements 

of the unrelated word pairs (for example cooperation-vanity) had been set to that 

each word had to have concreteness scores between 1 and 4 on a scale from 1 to 7 

(participants had ranked how concrete a word was) and then randomly paired 

together to form unrelated word-pair correlations. Both difficult and easy word-pairs 

consisted of both nouns and adjectives. 

The word-pairs were presented randomly. In the study phase, the word pairs were 

presented together for 5 seconds before moving on to the next, whereas in the test 

phase only a cue was presented on the screen and the participant had to write the 

missing word (target) and press enter to continue to the next word (see figure 2). 

Stimuli were presented in white text at the center of the screen with black 

background in courier new, font size 18-30 pt (18 pt for information text and 30 pt 

for presentation of word pairs).  

Ten classic paintings from various artists were shown as masking and pause 

entertainment between training and the final test. Each picture was presented 

centered on a white background with a resolution of 640x480 px for 15 seconds 

before moving on to the next. 

Sequences of the letters A-B-C-D-E-F-G-H was used as stimuli of the n-back 

design. One letter at the time was shown for one second in white text centered of the 

screen before moving on to the next letter. Ten letters were shown in each sequence 

with a total of 26 repetitions (see Dahlin, 2009). After each sequence, a new n-back 

task was given where participants were asked to continuously judge whether the 

present letter was the same as the one presented one letter back, two letters back or 

two letters back (1-2 or 3-back) and press J for yes and K for no. 

 

Apparatus 
E-prime 2.0 was used to create the experiment with a resolution of 1024x768 px. 

Stimuli were presented in E-run on 19 inches screen with 75 Hz in a lab environment 

using Windows XP. 

 

Procedure 
The participants were instructed that they would be studying 60 word-pairs on the 

screen in seven sequences before taking a test of how many word-pairs they could 

recall from memory.  Participants were naïve about the different categories (see 

figure 2). 
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Figure 2. Procedure of stimuli presentation. The squares to the left represent the 

encoding phase of the study-group. Sixty word-pairs were presented for five seconds 

each with seven repetitions. The squares to the right represent the learning phase of 

the test-group. The same word-pairs as in the study-group were presented until all 

had been studied. After the first repetition, the test-group was presented for a cue and 

asked to retrieve the missing word until all word-pairs had been presented. This was 

repeated until every word had been presented with seven repetitions. 

 

Session 1 

Participants were divided in to two different groups, a study-group and a test-group, 

with the same amount of people in each. Depending on which group subjects 

participated in, they got different instructions about how the training phase was 

designed. The study-group received the instructions that they were about to study a 

set of randomly presented word-pairs for 5 seconds before the program switched to 

the next word-pair and that their task was to continue studying the words seven times 

(S-S-S-S-S-S-S). The test-group received the same instructions about the study 

phase, but also that they would be studying the words by combining study and cued-

recalled tests. In the test phase, participants got the instructions that they were about 

to see only one word from a word-pair and that their task was to write the missing 

word on the screen. The upper limit for how long they were allowed to retain a 

specific target was 30 s before moving on to the next word-pair automatically. 

Training consisted of repeated study and test (S-T-S-T-S-T-S) and they got the 

instructions that they would repeat the pattern “study – test” until they had studied 

each word seven times. After finishing the training phase, participants were asked to 

estimate how many words between 1 to 100% they had learned during the training 

phase (JOL) by typing their estimation on the screen. Between training and test, 

participants had a short break lasting five minutes. During the break, they were 

presented  a slide show with 10 classic paintings for 15 seconds each.  

After the slide show, they got written instructions on the screen about the 

upcoming test. The purpose was to estimate how many words they remembered from 

training. The design of the test was the same as the test phase during the training – a 

cue word was randomly presented on the screen and the participant was supposed to 

type in the missing word which appeared on the screen. To submit the answer and 

continue to the next word they should press enter. If they didn‟t know the word, they 
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were instructed to type the answer “Do not know” and then submit the answer. There 

was no upper limit in how long they were allowed to retain a specific target before 

moving on to the next. This was repeated until the entire wordlist had been tested (60 

items). After finishing the test, all participants were asked to estimate their 

performance (JOP), how many words that had managed to answer correctly during 

the final test on a scale between 1 to 100 % and a survey with follow-up questions 

about the test and their knowledge about the English language. 

 

Session 2 

After a seven days delay, the participants did a follow-up test which was executed the 

same way as the final test during the first session. The purpose was to get insight in 

how many words they remembered from each category after a one week delay, 

Before starting the test, participants made a judgment of how many word pairs they 

think they would remember on a scale from 1 to 100 % (JOL) and after taking the 

test, they were asked to make a judgment how well they had performed on the test on 

a scale between 1 to100 % (JOP). 

     After taking the final test, the participants performed a short working memory 

test with n-back design. Participants were asked to memorize a sequence of the letters 

ABCDEFGH which were shown for one second each in correct order and recall them 

afterwards. Subjects had to do three different tasks in the same test – to determine if 

the letter presented was the same as one letter back, two letters back or three letters 

back. They answered by pressing J for yes and K for no. After a sequence of letters, a 

picture was presented on the screen to inform the participants which type of test the 

next sequence were following (1-back, 2-back or 3-back). This test was executed be 

able to distinguish if the groups had a similar spread in working memory skills. 

 

Statistical analysis 
Statistical analysis was conducted in SPSS 18. Significance level of all tests was 

0.05.  

Results from two participants, one from each learning condition, who didn‟t 

complete the second session were not used in the analysis. Two other participants had 

severe problems mastering the task. One only remembered 6 out of 60 words directly 

after study and one didn‟t remember any of the difficult items after study. These 

participants were considered outliers and removed from further analyses. As a control 

measure, results from the working memory test were analyzed to control working 

memory capacity between groups. Mean value calculations were conducted for all 

tests.  

 

Results 
 

The following section is divided into three different parts to present analyses of 

results in the order as presented in the hypotheses. The primary goal of these analyses 

was to answer whether testing positively affects learning and to answer whether 
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testing benefit learning of difficult material more compared to cramming with the 

retrieval effort hypothesis as foundation. To be able to converge on a first answer, the 

amount of correct recalls within each word-category and retrieval times when 

retrieving difficult and easy material are used as dependent measures. Moreover, how 

metacognitive insight about JOL and JOP is affected by testing compared to studying 

material with different difficulty was investigated.  Data of most interest were 

number of correct recalls within difficulty categories, mean of retention times within 

both categories of word-pairs and metacognitive judgments of JOL and JOP after 

delay. Results from 36 participants were analyzed with 18 participants in each study 

condition. Mean values of correct recalls in the study-group and the test-group of 

both word categories are presented in Table 1 and mean values of retrieval times 

within groups and categories are presented in Table 2 with 18 participants in each 

learning condition. 

 
 

Table 1. Mean of correct number of recalls within the easy and difficult category 

Test-group Study-group

Easydirect 27.28 (SD=3.64) 24.89 (SD=5.32)

Difficultdirect 14.78 (SD=9.52)   9.28 (SD=6.83)

Easydelay 23.05 (SD=6.01) 18.39 (SD=3.26)

Difficultdelay   6.89 (SD=5.32)   3.39 (SD=3.76)
 

Table 2.  Mean of retrieval times on easy and difficult material

Group RetrievaltimesEasy RetrievaltimesDifficult

Test 3369.1(SD=376.79) 5483.84(SD=405.13)

Study 4194.5(SD=497.49) 6197.47(SD=973.84)
 

 

 

Retrieval of different difficulty 
The two main hypotheses in this study were: 1) repeated testing should be more 

beneficial for long-term retention than repeated study and 2) this effect should be 

more pronounced for difficult than easy material. To test these, a repeated 

measurement ANOVA was performed with number of correctly recalled items on 

easy and difficult word pairs on the delayed test (easy vs. difficult) as within-subjects 

factor and learning group (study vs. study-test group) as between-subjects factor. A 

main effect of group is predicted with the first hypothesis and an interaction between 

group and performance on easy and difficult word pairs is predicted with the second 

hypothesis.  
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The results in terms of number of words recalled on the direct and the delayed test 

are shown in Figure 3. The results will not be analyzed separately on the direct test, 

because the main hypotheses of interest concern the delayed test. 

Regarding the first hypothesis, the results from the ANOVA support that the test-

group performed better than the study-group on the delayed test because the main 

effect of group was significant (F(1, 34)=8.2; p=.007; MSE=4.4;   
 =0.20) and the 

testing-effect was thus replicated. 

Regarding the second hypothesis, however, the results from the same ANOVA 

revealed that the interaction between group and item difficulty was not significant, 

i.e., the test-group did not benefit more on the difficult than on the easy material 

compared to the study-group (F(1, 34)=.75; p=.39; MSE=.36;   
 =.02).   

As a follow-up analysis, two one-way ANOVAs were used to investigate 

differences between the groups separately for each material type on the delayed test. 

Results show that the effect in favor of the test-group is stronger on easy material 

(F(1, 34)=8.38; p=.007; MSE=23.38) than on difficult material (F(1, 34)=5.19; 

p=.03; MSE=21.23). For completeness, there should be noted that there was also a 

main effect of item difficulty after delay, where more easy than difficult word-pairs 

were recalled (F(1, 34)=536; p=<.001; MSE=4.41;   
 =.94).  

To investigate these results further, the „drop‟ in number of items recalled on the 

delayed test compared to the direct test was calculated. Basically, to introduce delay 

as a second within-subjects variable in the ANOVA reported above accomplishes the 

same thing, but to calculate the drop renders the interpretation more straight-forward. 

The number of „drops‟ was calculated by subtracting the number of correct recalls 

within each category on the delayed test from the number of correct recalls on the 

direct test, for each participant. (Note: this was not done on item-level). A repeated 

measurement ANOVA on this variable revealed that participants in the test-group 

forgot more difficult items than easy items after delay, whereas the study-group 

forgot  about equally many difficult as easy items ([F(1, 34)=5.94; p=.02; MSE=0.07; 

  
 =0.15], see Figure 4). 

  



 16 

 

 

Figure 3. The number of correct recalls of easy and difficult words for the two 

groups. The left figure is the direct test and the right figure is after delay. Error bars 

represents 95 % CI around the mean. 

 

 
Figure 4. The amount of dropped items after delay in each category and the two 

groups. Error bars presented in each column represent 95% CI around the mean. 

 

Reaction times 
Regarding hypothesis 2a), reaction times should benefit from testing and, on the 

delayed test, they should be faster when retrieving difficult material due to the 

potential benefits of more effortful encoding. The results are shown in Figure 5. To 

analyze this, a second repeated measurements ANOVA was performed, where mean 

reaction times for each category (easy vs. difficult) served as within-subjects variable 

and group (study vs. test) served as between-subjects variable. Reaction times after 

delay were not faster after testing compared to re-studying (F(1, 34)= 2.53; p=.12; 

MSE>10000;   
 =0.08). Neither was the test-group faster on difficult than on easy 

items, compared to the study-group because the interaction was not significant (F(1, 
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34)= 1.6; p=.22; MSE>10000;   
 =0.05). However, there was a main effect of item 

difficulty, in that easy items were recalled faster than difficult items (F(1, 34)= 38; 

p<.001; MSE>10000;   
 =.57).  

As a follow-up analysis, two one-way ANOVAs investigated reaction time 

differences between the groups separately for each material type on the delayed test. 

Results show that the test-group was not retrieving items reliably faster on neither 

difficult material (p=.14) nor easy material (p=.19).  

 

 

 
Figure 5. Reaction times on retrieval of difficult and easy material after training and 

delay in milliseconds. Error Bars represent 95% CI. 

 

Metacognitive judgments 
To investigate the relation between metacognitive judgments and performance a 

Pearson correlation analysis was done separately for the two groups between 

metacognitive judgments (JOL and JOP) and actual performance of total retrievals 

(2-tailed, significance level p<.05.) 

The correlations on the delayed test occasion between “judgment of performance” 

and actual performance were larger for the test-group than for the study–group. For 

the study-group on the delayed test, the correlations didn‟t reach significance 

between neither “judgment of learning” and actual performance (r=.45; p=.061) nor 

“judgment of performance” and actual performance (r=.4; p=.094). For the test-group 

on the delayed test, correlations weren‟t significant between “judgment of learning” 

and actual performance (r=.44; p=.067) but reached a significant level between 

“judgment of performance” and performance (r=.71; p=.001). These results indicate 

that the test-group had a better meta-cognitive insight into their own performance 

than the study-group. 
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Figure 6. Predictions of JOL, JOP and actual performance after delay show higher 

correlation between meta-cognitive insights in the test-group compared to the study-

group. This contradicts the hypothesis that the test-group should have had worse 

metacognitive insights after delay compared to the study-group. 

 

n-back working memory test 
As a control measure, an independent t-test was used to measure average working-

memory performance on the n-back test. Data of interest were correct yes‟s and 

correct no‟s. Results show no significant difference between the test-group 

(M=81.94; SD=39.5) and the study-group (M=87; SD=36.66) t(36)=.29 p=.077) even 

though there was a tendency towards better working-memory capacity for the study-

group. 

 

   Discussion 
 

Perhaps counter-intuitively, in some circumstances, taking small tests can be more 

effective for promoting lasting memories than simply studying the same material. 

This is commonly referred to as the „testing-effect‟. However, few studies have 

aimed at investigating the generality of this effect, for example how it translates to 

material of different difficulty. This question should be of great practical concern 

because it might shed light on under which conditions the introduction of small tests 

in a didactic setting are likely to lead to enhanced learning. The aim of this study was 

to clarify if repeated testing benefits learning of material of different difficulty 

equally well compared to repeated study following the predictions of the retrieval 

effort hypothesis.  

The results replicate previous findings in demonstrating clear benefits of testing on 

memory retention after delay (e.g. Roediger & Karpicke, 2006b). Importantly, the 

results reveal that testing benefits long-term retention of both easy and difficult 

material more than when simply studying the same word-pairs. However, while the 

study-group forgot about equally many words from the two difficulty-categories, the 
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test group forgot more words from the difficult category than from the easy category. 

Note that the groups had similar levels of working-memory capacity with strong 

tendencies for better working-memory capacity in the study-group (as measured by 

the n-back task) ruling out capacity differences as an explanation for better memory 

performance in the test-group. 

Retrieval times, approximated by reaction times, were not faster for easy than 

difficult items between groups. This is a contradiction to the second hypothesis 

which predicted a more pronounced effect for retrieving difficult material within the 

test-group. Results of JOL and JOP didn‟t follow the prediction of the hypothesis. 

Instead, results indicate high correlation between metacognitive judgments of actual 

performance and JOP, causing more accurate prediction in the test-group than in the 

study-group.  

 

Item difficulty and the testing-effect 
Testing has been demonstrated to benefit long-term retention more than cramming 

(e.g. Roediger et.al, 2010) and results from this study support previous research. The 

difference between this study and previous studies is that participants from the test-

group recalled more items accurate from memory after delay compared to a study-

group independent of item difficulty. This  brings better understanding of the testing-

effect since the effect seem to occur independent of learning materials, which proves 

that the testing-effect is as strong as previously suggested. 

 A few different explanations about the testing-effect have been given over the 

years, but regarding different stimulus difficulty, three possible predictions can be 

given. The retrieval strength hypothesis (Karpicke & Roediger, 2010) which suggests 

that the testing-effect occur when retrieval strengthens retrieval routes and that item 

difficulty should provide equally strong testing-effect. The elaborative-trace 

hypothesis explain the testing-effect as creation of cue-elaborations (Pyc & Rawson, 

2010) during retention, suggesting that testing provides the chance to replace weak 

mediators with stronger ones. According to this theory, easy material should benefit 

more from testing than difficult material due to the creation of stronger cue-

elaborations. The retrieval effort hypothesis (Pyc & Rawson, 2009) suggests that 

learning and long-term retention should benefit more from difficult retrieval from 

memory since more effortful processing take place during retention compared to easy 

retrieval. Predictions made from this theory suggest that difficult material should 

benefit more from testing than easy retrieval due to more effortful processing.   

The prediction of this study was that learning difficult material should benefit 

more from testing on the basis of the retrieval effort hypothesis. Results indicate that 

the effect of testing very difficult material is fragile and not long-lasting to the same 

extent as easy material. This finding about the testing-effect shows another side of 

learning than previous studies and is a contradiction to the retrieval effort hypothesis.  

If results would have followed from this hypothesis, retrieval should have resulted in 

strong and accurate long-term retention which not seem to be the case in this study 

since the test-group forgot more words in the difficult category after long-term 

retention. Therefore, difficult material does not create the same processing as 
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difficult retrieval from memory, suggesting that encoding of difficult material depend 

on something else. Results also rule out the possibility of the retrieval strength 

hypothesis since there is a clear difference in how material with different stimulus 

difficulty are encoded and retrieved after delay.  

Results from this study rather support the elaborative-trace hypothesis (e.g. Pyc & 

Rawson, 2010; Carpenter, 2009) where an existing relationship is important for 

strong and accurate retrieval from memory in contradiction to the predictions of the 

retrieval effort hypothesis. Koriat (2008) explains that a material that you learn fast is 

easier to remember whereas difficult material is more troublesome. Results from the 

present study support these statements since they indicate that already semantic and 

easy material is much easier to encode than unrelated and difficult material based on 

the main effect seen on item difficulty. This suggests that material that is easy to 

learn causes stronger elaborations which are persistent over longer periods of time. 

This provide a more probable explanation of the effect seen in this experiment since 

retrieval rate was much higher on related, easy material than unrelated, difficult 

material, suggesting that cue-elaborations to memory routes are easier to create when 

material is already related. Participants from the test-group did recall more items 

accurate from memory after delay and recalled more items accurately immediately 

after training (see figure 3) which suggests that they initially had better elaborations 

of cues to retrieve the correct target independent of item difficulty. However, the 

retrieval effort hypothesis highlights that correct retrievals during encoding are 

crucial for difficult processing to be more beneficial than easy processing. No control 

measure of correct retrievals was made in this study. If correct retrievals are crucial 

for that difficult processing benefit more from testing than easy processing, there is a 

possibility that the easy material was retained accurately more times from memory 

than difficult material, resulting in better encoding for easy material than for difficult 

material. Therefore, there is still a possibility that the retrieval effort hypothesis is 

correct and learning difficult material benefit more from testing than easy material if 

the numbers of correct retrievals are equal between difficult and easy material. 

If the elaborative-trace hypothesis is the most likely to explain results seen here, 

why do learning difficult material still benefit from testing? A possible explanation is 

the mediator effectiveness hypothesis which state that testing provide opportunities to 

replace weak mediators with stronger ones (Pyc & Rawson, 2010). When learning a 

very difficult material, requirements of encoding increase. Instead of encoding 

already related material, new semantic relations have to be constructed. Cues made 

during learning benefit more from testing than cramming, suggesting that even 

though the testing-effect does not last, mediators are more elaborated when learning 

difficult material (see Anderson, 1976; 2009; Carpenter, 2009). This causes better 

retrieval immediately after training because of stronger mediators and better access to 

cue-elaborations. However, after delay, the mediators lose some of its power, causing 

higher losses and a more fragile testing-effect after long-term retention within the 

difficult category. According to this explanation, testing benefit learning regardless 

of item difficulty but create a stronger effect when learning easy material. However, 

Since the study-group did recall fewer difficult items to begin with, they could not 
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forget as many items as the test-group after delay. This could point towards that the 

study-group might have had weaker elaborative encoding already after delay and 

therefore didn‟t recall as many items which cause that they couldn‟t forget as many 

items as the test-group. 

Further investigation of this effect is needed to fully understand the fragile testing-

effect of item difficult. However, one can speculate whether there is a possibility that 

the fragile effect that occurs during learning of difficult material would have lower if 

active recall was followed by corrective feedback. Roediger, Agarwal, Kang and 

Marsh (2010) argue that for general recall, it seems like feedback is not necessary for 

a testing-effect to occur but that feedback enhances the effect even more. Since the 

test-group recalled more items after delay independent of stimulus difficulty 

compared to the study-group, it is difficult to say whether the transient effect on item 

difficulty occurred because no feedback was given during learning or if this 

phenomenon will occur even with feedback. Studies have shown that feedback create 

even stronger memory traces than when not providing feedback (Roediger et. al, 

2010) which suggests that creation of semantic cue-elaboration could have been 

stronger if feedback was provided even though the difficult material wasn‟t related to 

begin with. By investigating this further, we get an even better understanding of the 

testing-effect since we might be able to distinguish what make testing powerful when 

learning material with different difficulty.  

 

Stimulus difficulty and retrieval times 

Results indicate that there was no difference in retrieval times between groups in 

neither when retrieving easy items nor when retrieving difficult items. This is a 

contradiction to the hypothesis, suggesting that testing does not benefit retrieval more 

than repeated study does. Therefore, it seems like testing does not benefit retrieval 

times and cause a repetition effect of a specific stimulus (Morton & Clarke, 1983).  

However, there seem to be a higher correlation between faster retrieval times on 

easy material than on difficult material. This is a contradiction to the predictions 

made from the retrieval effort hypothesis since difficult retrieval does not seem to 

benefit from testing (Pyc & Rawson). Since retrieval times weren‟t faster within the 

test-group compared to the study-group when retrieving difficult material but faster 

for both groups when retrieving easy material, this perhaps provide further support 

for the elaborative-trace hypothesis. Due to speculations, this effect might suggest 

that cue-elaborations made when learning easy material are stronger and easier to 

retrieve compared to difficult cue-elaborations, causing faster retrieval times. 

However, since testing didn‟t benefit retrieval times of easy more than cramming, a 

more probable explanation of this phenomenon is that the easy material used in this 

study was simply „shorter‟ and the difficult material was generally „longer‟. 

Therefore, reading and understanding a cue, retrieving a specific item and responding 

to it might have caused a shorter process when retrieving an easy target than a 

difficult target.  
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If there is a correlation between active retrieval from memory and faster retrieval 

times is still worth investigating to establish whether retrieval times benefit from 

testing. 

 

Metacognitive insight and the testing-effect 

The second hypothesis of this study predicted that results of metacognitive 

“judgments of learning and “judgments of performance” should follow from the 

underconfidence with practice effect (e.g Koriat et.al, 2002). Previous studies 

indicate that learning through repeated study-test causes overconfidence after training 

but shifts to underconfidence after delay (Koriat et.al, 2002). Results however do not 

support previous research. Instead, results indicate the opposite effect of predictions 

made from the hypothesis with higher correlations of metacognitive insight between 

learning and performance within the test-group after delay compared to the study-

group. 

There were no significant correlations between metacognitive insight and 

performance or between judgment of learning and actual performance in the study-

group. Results indicate a trend where the study-group misjudges their level of 

performance more compared to the test-group, but also indicate that the study-group 

made better “judgments of learning” after delay compared to the test-group. After 

taking the test again, the test-group reached a significant correlation between 

“judgment of performance” and actual performance whereas the correlation was 

somewhat lower within the study-group after taking the test again.  

According to the cue-utilization framework (Koriat, 1997) people heavily rely on 

internal and external cues when making a metacognitive judgment. Kornell and Bjork 

(2009) conclude and suggest that misjudgements of learning are caused by relying on 

standardized judgments of learning and performance instead of internal and external 

cues about the current state of knowledge. The study-group might on the assumption 

of these proposals have used more standardized judgements resulting in somewhat 

poorer metacognitive insight both before and after taking the test again, resulting in 

poorer metacognitive insight after taking the test again. Since judgments of learning 

didn‟t reach a significant level within the test-group after delay, participants might 

have used standardized judgments instead of internal and external cues, resulting in 

lack of metacognitive insight. After taking the test again however, internal cues 

might have been used updated, causing better metacognitive insight.  

These results contradicts results from previous studies and further support that 

learning a material with different difficulty benefit more from testing than from 

cramming (see Kornell & Bjork, 2009). Further research with focus on different 

measurements is needed to investigate whereas the test-group had better 

metacognitive insight when learning a material with different difficulty or if learning 

a material with different difficulty benefits more from testing than from repeated 

study. 
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Limitations and future studies 
Very difficult material was used in this study to further investigate to which extent 

testing affect learning. Material had been tested for native English speakers to create 

word-pairs that were difficult to learn. Even though most participants ranked their 

knowledge of the English language very high (5 on a scale between 1 and 7), the 

word-pairs might have been too abstract and difficult for native Swedish speakers. It 

is possible that some participants had more previous contact with the difficult words 

and therefore advantage in creating cue-elaborations and put targets in an 

understandable context which might have affected the outcome of results. Two of the 

difficult word-pairs contained the same word. In one word-pair, the word was the cue 

and in the other, the word was the target (origin-eccentricity and eccentricity-

memory) possibly causing confusion about which word to retrieve. There is also a 

possibility that some of the words in the easy category should have belonged in the 

difficult category due to less semantic relation between words. The same could be 

applied on the difficult word-pairs; maybe some of them should have been placed in 

the easy category instead. There is also a possibility that other factors than the ones 

considered in this study affected learning of different item difficulty, for example 

phonetic correlations to the Swedish language. To better control implications of 

stimulus used in this study, a pilot test should have been conducted.  

It is very difficult to ensure that all participants actually focus on every word or if 

they take a break in the middle of the training phase because of lack of focus. This 

means that some participants from the study-group perhaps didn‟t study all words the 

correct amount of time and therefore didn‟t get the correct amount of encoding. This 

can be resolved by forcing participants to press a key to continue studying the next 

word-pair, but this hasn‟t been resolved in the present study. 

Due to loss of data of JOL and JOP in the study-group with six less JOL‟s and two 

less JOP‟s compared to the test-group, there is a risk that results are misleading since 

there were more data from predictions made of the test-group.  

Background of participants in this study was very similar; most participants 

studied at the cognitive science programme or at the programme of psychology. This 

is of course not optimal, the results only reflects the capacity of learning within a 

very limited group of people. Many of participants in this study were aware of what 

the testing-effect is and how metacognition is affected by testing compared to 

cramming. Therefore, results might have been affected. 

Future studies should be conducted to investigate the fragile effect of learning very 

difficult material. To further understand this effect, it is important to distinguish 

between what is difficult material and what is easy material. To control whether the 

transient effect is consistent when learning very difficult material, other kinds of 

difficult material should be investigated as well to exclude that these results appeared 

by coincidence.  Also, investing if the effect is consistent when using feedback and 

free-recalled tests is also important to further understand why this effect occurred. It 

would also be of great interest to investigate the neural activations in a fMRI scanner 

while learning to get further understanding about how the testing-effect actually 

occur with focus on different difficulty. 
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Practical implications 
These findings can essentially be used in educational settings, suggesting that 

students would gain more knowledge if learning through tests. Small tests would 

improve learning and long-term retention of both difficult and easy material. Testing 

should be extended to be a tool of learning in school and not only be a way of 

assessing knowledge but to secure better learning among students for example when 

learning a new language and mathematics. By doing so, people get better insight 

what-to study and how-to study (Kornell & Bjork, 2007) in addition to the positive 

effect of testing. This study suggests that testing is a very powerful tool for learning, 

independent of item difficulty. Whether the effect when learning difficult material is 

consistent or not is very important to settle, especially to be able to use testing as a 

tool for better education. There is a possibility that other kinds of difficult material 

would benefit even more from testing than this study indicates. Therefore it is 

important to further investigate this effect. 

 

Conclusion 
Results indicate that learning of different item difficulty benefit more from testing 

than from cramming. However, very difficult material seems to be more demanding 

to retain after delay compared to easy material. This finding contradicts the retrieval 

effort hypothesis and instead rather supports the elaborative-trace hypothesis. A 

possible explanation for the effect seen in this study is that cue-elaborations created 

during learning of difficult material are more difficult to retrieve compared to cue-

elaborations of easy material. Cue-elaborations for difficult material become weaker 

after delay whereas they do not to the same extent for easy material, causing higher 

drops of items in difficult material compared to easy material after delay. Results 

show that retrieval times do not benefit from testing compared to cramming. 

Metacognitive insights about performance seem to be more accurate within a test-

group after delay in contradiction to previous research (e.g. Kornell & Bjok, 2009). 

This suggests that testing provides better metacognitive insight when learning a 

material with different difficulty compared to learning a material of similar difficulty. 

In conclusion, learning a material with different difficulty show a general testing-

effect and importantly seems to benefit more from learning easy material than 

difficult material, suggesting that testing is not equally strong when learning different 

material.  
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Appendix 
 

Easy, related word pairs 
 

Cue Target 

mouse hole  

ceremony marriage  

angle curve  

golf sport  

sparrow robin  

reason think  

hive hitch  

factory plant  

hill valley  

antler horn  

helmet head  

pond frog  

jelly bread  

nurse white  

cloak cape  

grow shrink  

aspirin drug  

routine standard  

doll child  

peaceful tranquil  

cord plug  

constitution government  

envy like  
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scare fear  

cane able  

cinnamon roll  

linen towel  

graduation college  

plot theme  

stadium concert  

Difficult, unrelated word pairs 
 

Cue  Target 

unreality intellect  

diffusion hope  

forethought betrayal  

blandness pact  

criterion attitude  

immunity miracle  

cost hatred  

sensation length  

irony aptitude  

origin eccentricity  

banality rating  

feudalism creator  

advice boredom  

subtraction crisis  

episode majority  

upkeep expression  

disconnection semester  

eccentricity memory  

excuse mercy  

hypothesis chance  

confident instance  

replacement ownership  

causality adversity  

heridity prestige  

improperty competence  

impulse jeopardy  

comparison increment  

pledge attribute  

supplication violation  

cooperation vanity  

 


