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CAN THE TESTING EFFECT, IN PART, BE EXPLAINED BY ORGANIZATIONAL 

BENEFITS? 

Andreas Jemstedt 

 

The testing effect refers to the phenomenon that, relative to 

restudying, being tested on a previously learned material leads to 

better retention. The present study investigated the hypothesis that part 

of the testing effect in free recall, can be explained by increased 

memory organization due to testing. Forty-one participants learned 

either semantically related or unrelated words. The words were either 

repeatedly studied six times, or recalled from memory three times and 

studied three times, with each test trial following a study trial. 

Following the learning session, all participants conducted two free 

recall tests, one after five minutes and one after seven days. The study 

did not replicate the testing effect and therefore no conclusions could 

be drawn about the hypothesis. The results did, however, indicate that 

the related material facilitated later retrieval, relative to the unrelated 

material. Furthermore, opposite to what was predicted, restudying lead 

to higher rates of category clustering compared to testing.  

 

Retrieving information from memory seems to facilitate later retrieval more than only 

being re-exposed to the same information for an equal amount of time. This 

phenomenon is known as the testing effect (for review, see Roediger & Karpicke, 2006). 

The testing effect has been replicated over and over, in both laboratory (e.g., Carrier & 

Pashler, 1992; Glover, 1989; Karpicke & Blunt, 2011; Kornell, Björk & Garcia, 2011; 

Roediger & Karpicke, 2006) and school settings (e.g., Butler & Roediger, 2007; Gates, 

1917; Spitzer, 1939). The testing effect has also been found using a wide range of test 

formats and study materials (e.g., Butler & Roediger, 2007; Carrier & Pashler, 1992; 

Gates, 1917; Glover, 1989; Mulligan, 2005; Spitzer, 1939). Furthermore, the effect has 

also proven to be both robust (Roediger & Karpicke, 2006) and strong; not only 

exceeding restudying, but also much more elaborative learning techniques, such as 

using concept mapping (Karpicke & Blunt, 2011).   

It is, however, well documented that being tested on a material exceeds restudying 

the same material; this is not the case in all conditions. One interesting boundary 

condition of the testing effect is that, without feedback, testing is usually exceeded by 

restudying in memory tests taken close after the learning session (Roediger, Agarwal, 

Kang, & Marsh, 2010). However, if the final test is delayed for some time, testing 

usually exceeds restudying. Although the effect has been replicated a number of times, 

explaining what causes the benefits of testing has proven hard. There are however, some 

hypotheses on what drives the testing phenomenon. One of these, the retrieval 

hypothesis (Dempster, 1996), has received a lot of empirical support. According to the 

hypothesis, testing leads to retrieving information from memory, and retrieving 

information from memory strengthens memory (Roediger & Karpicke, 2006). The 

retrieval hypothesis consists of several different ideas, explaining why memory retrieval 
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promotes retention. One suggestion has been that retrieval is effortful, and that the effort 

somehow strengthens the memory (e.g., Gardiner, Craik, & Bleasdale, 1973). This 

suggestion has received support from findings that show that increased effort of 

retrieving a memory seems to lead to better retention (e.g., Auble & Franks, 1978; 

Jacoby, 1978). Another suggestion is that retrieving information from memory leads to 

more elaborative processing of the memory, which in turn is argued to strengthen 

existing memory routes and perhaps even increase the number of available retrieval 

routes (e.g., Bartlett, 1977; Bartlett & Tulving, 1974; McDaniel & Masson, 1985). In 

support of this notion, McDaniel and Masson (1985) found that if participants learned a 

word pair with one cue word and one target word, and then either restudied the pair or 

were tested on it, the size of the testing effect was bigger on a final test; that is, if the 

cue had been presented both visually and then later auditory, relative to using the same 

modality in both cues. This is thought to reflect that the size of the testing effect can 

increase with additional retrieval routes (McDaniel & Masson, 1985). It is important to 

note, that neither of these explanations to why retrieval increases later retention, 

necessarily excludes the other explanation (Roediger & Karpicke, 2006). Rather, there 

is ample evidence supporting both accounts. 

 Although the processes mentioned in relation to the retrieval hypothesis can 

explain the memory benefits that come with testing, there are several other mental 

processes that benefits memory. One of these is the finding that organizational 

processes are linked to better memory. Studies have shown that organizing in a studied 

material, and mentally organizing learned items, benefits memory and leads to better 

retention (e.g., Mulligan, 2005; Tulving, 1962). These benefits have both been found in 

studies where the participants learned a categorized material (Mulligan, 2005), and also 

when the material was seemingly unrelated (Tulving, 1962). In a recent study, Zaromb 

and Roediger (2010) investigated whether the benefits of testing could to some degree 

be linked to, the previously mentioned, organizational benefits to memory.  

In two experiments, Zaromb and Roediger (2010) showed that participants tested 

on a material, consisting of categorized words, not only forgot less, but also recalled 

items in a more organized fashion. Over the experiments they found that two different 

measurements of organization were higher, when each participant tested themselves on 

the previously learned material, relative to restudying it. In the first experiment, all 

participants learned three word lists, each consisting of fifty words from ten different 

categories. Each list was learned using one of three different learning techniques. The 

lists were either studied four times and recalled from memory four times, studied six 

times and recalled two, or studied eight times without any recall tests. Each list was 

presented in three different ways. The first list was always presented in green text in the 

upper left part of a computer screen, the second list was presented in yellow in the upper 

right part of the screen, and the last list was presented red text in the lower right side of 

the screen. The order or the lists and under which condition they would be learned were 

counter balanced between participants. This way of presentation was used so when the 

participants returned for a final test two days later, they could be asked to remember 

each list separately. When the participants returned after two days they performed four 

tests, one on each list where they were asked to remember, in any order, all the words 

presented in one corner and color, then the second corner and color, and then the third. 

After this, all participants were asked to recall all the words at once, but this time, they 

were presented with names of all the categories as a help to remember the words.  
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The experiment showed that the more tests that were used to learn a list of words 

the more words were recalled on a final test. Furthermore, the more tests that were used, 

the higher the participants also scored on a measurement of subjective organization. 

This experiment did, however, not show any difference between conditions in category 

clustering. The latter result was argued to be explained by a ceiling effect in the 

category clustering measure. Both the measurement of category clustering and 

subjective organization will be explained later in this text. In the second experiment 

Zaromb and Roediger (2010) compared the recalls from groups of participants that 

learned thirty words from six categories, by either study them once and then recall them 

from memory, or by study the words once or twice. All participants returned for a final 

test after one day. In a first recall test, all participants were asked to recall all words in 

any order, and after this they had a second test were they once again were asked to 

recall all the words, but this time they were given all the category names. The results 

from their second experiment showed once again that testing lead to higher recall 

performance than only studying. It also showed that category organization increased 

with testing, compared to only restudying. The results from these two experiments lead 

Zaromb and Roediger (2010) to conclude that a part of the testing effect, in free recall 

tests, may be attributed to organizational benefits. 

One thing Zaromb and Roediger’s (2010) experiment did not show, was that the 

increase in organization due to testing, actually caused part of the testing effect. There is 

a possibility that testing increases both number of recalled items and organization, and 

that the two do not affect each other (i.e., that testing leads to better organization, but it 

does not in itself contribute to the testing effect); or that the more elaborative encoding 

that has been suggested to come with memory retrieval (McDaniel & Masson, 1985), 

also increases organization.  

On these grounds, the present study intended to examine Zaromb and Roediger’s 

(2010) suggestion further. We predicted that the testing effect would be smaller between 

a study-test condition and a study-only condition, when participants in both conditions 

could benefit equally much from mentally organizing the learned material, compared to 

participants in two equal conditions where the participants could not benefit equally 

much. We predicted this because if participants in a study-only condition and a study-

test condition both learned the same categorized material with easily accessed semantic 

relations between the words, then the increase in recalled words due to mental 

organization due to the testing should only have small impact on the size of the testing 

effect. If participants instead learned a material without any obvious categories or 

semantic relations between the words, the increase in recalled words due to mental 

organization due to testing, should have larger impact on the size of the testing effect. 

The prediction was investigated by presenting participants in one study-test condition 

and one study-only condition with a material consisting of semantically related words 

(30 words from 6 categories). The size of the testing effect between these two 

conditions was then compared to the size of the testing effect between a study-test 

condition and a study-only condition where the participants were presented with a 

material consisting of semantically unrelated words (30 words without any obvious 

categories).  

Based on the finding by Mulligan (2005) that an organized material is easier to 

remember than a less organized material, the participants in the two conditions learning 
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the semantically related word list was, in the present study, predicted to remember more 

of the learned items than those learning the word list with semantically unrelated words. 

It was also predicted that there would be a testing effect in the experiment, as in that the 

participants in both study-test conditions would recall more items on the delayed test, 

than the participants in their respective study-only conditions. However, as mentioned 

earlier, the size of the effect was expected to be smaller between the conditions that 

learned the semantically related material.   

The present study also further examined Zaromb and Roediger’s (2010) findings 

that testing increases two different measurements of organization, relative to only 

restudying. The first measurement used was the adjusted ratio of clustering (ARC; 

Roenker, Thompson, & Brown, 1971), which measures to what level the recalled items 

are clustered around predefined categories. ARC does this while controlling for 

differences in recall level. The score can range from -1.0 to 1.0, where 0 is chance 

distribution of recall and 1.0 refers to maximum clustering around categories. A score of 

-1.0 suggests strong clustering, but that the clustering was centered on something else 

than the predefined categories. In the present study, ARC was only measured on the two 

conditions that learned the semantically related material, as only these conditions had a 

material with predefined categories. The other measurement of organization was paired 

frequency (PF; Sternberg & Tulving, 1977). PF measures to what extent items are 

recalled adjacent (before or after) other items, when comparing two or more free recall 

trials. PF also controls for the probability to produce a certain recall combination by 

chance. PF is measured from 0 (chance) to higher values, depending on the number of 

items and item pairs recalled. The PF measurement has the benefit of being able to 

capture subjective organization. Subjective organization is organization other than that 

around predefined categories (e.g., Mulligan, 2002). 

The aim of the present study was to examine what happens to the testing effect, 

when both the participants in the study-only condition and study-test condition could 

benefit equally from organization in a material. Therefore, it was predicted that the 

ARC scores would not differ significantly between the study-test and study-only groups 

that learned the related material. If the participants in the study-test condition and the 

study-only condition both are able to organize their words equally well, than their ARC 

score should be more or less the same. However, based on findings that subjective 

organization increased with testing (Zaromb & Roediger, 2010), it was predicted that 

PF scores would differ significantly between the conditions that learned the 

semantically unrelated words. Despite the fact that the two conditions that learned the 

semantically related words both were predicted to recall their words in clusters, it was 

predicted that the study-test condition would produce higher PF scores. Although the 

participants would recall the words in category clusters, the degree of organization 

within the categories could still differ between the learning conditions. This possibility 

was predicted, as a similar result was found by Zaromb and Roediger (2010).   
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Method 

Participants  

Forty-one psychology students (28 female) at Stockholm University participated in the 

experiment. The participants had a mean age of 25.63 (SD = 6.07; range 18-42) years. 

All participants gave their informed consent before participating in the experiment, and 

either received course credit or movie vouchers as compensation. 

Design 

A 2 (learning technique: study-only vs. study-test) x 2 (material type: semantically 

related vs. semantically unrelated) x 2 (retention interval: five minutes vs. seven days) 

mixed factorial design was used. In the study-only condition, the participants completed 

six consecutive study trials. In the second condition, the study-test condition, the 

participants completed three study trials and three test trials, where every study trial was 

followed by a test trial. After the learning session, participants in all conditions 

performed a free recall test after a five minutes long retention interval. After a second 

retention interval, of seven days, all participants returned to perform another free recall 

test. Both retention intervals were within participant factors, and both the learning 

techniques and the material types, were between participant factors. This resulted in 

four conditions, one study-only condition and one study-test condition using a 

semantically related material, and two equal conditions using a semantically unrelated 

material. For all the conditions words were presented in a randomized order in each 

trial. For an overview of the experimental design see Figure 1. 

 

Figure 1. An outline of the experimental procedure. The sequence within the bracket (3 

x) was repeated three consecutive times. Depending on condition, the studied and tested 

items consisted of either semantically related or unrelated words. 
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Materials 

To minimize the possibility that the words in the two word lists would differ in how 

much they facilitated learning, each word was chosen with the intention to make both 

lists consist of words of equal word length and level of familiarity. Therefore, 60 

Swedish nouns were collected from the corpus Korp 2.0 (Språkbanken, 2009). The 

corpus consists of a database with words and information about how many times each 

word has occurred in different Swedish newspapers. The words were chosen on the 

basis of word length, and number of occurrences in a newspaper (Göteborgs-posten), 

between the years 1992-2011. The words were divided into two lists, one consisting of 

30 semantically related words (e.g., mössa) from six different categories (e.g., kläder), 

and the other list consisting of 30 semantically unrelated words (e.g., lunga), without 

any obvious categories other than they were all nouns. An independent t-test showed 

that the two word lists were not statistically significantly different from each other, in 

familiarity [t (58) = -.27, p = .79], or word length [t (58) = -.79, p = .43]. 

Procedure 

All participants completed two separate sessions that occurred seven days apart. The 

general procedure is illustrated in Figure 1. In the first session, the participants were 

instructed that they were going to learn and recall a list of 30 words. Then they 

conducted a practice session, were they had to learn and recall four words, semantically 

unrelated to the two word lists in the experiment. Following the practice-run, the 

participants completed six trials with either six study trials or three study and three test 

trials, depending on condition. Between each trial the participants completed a 30 

seconds long distractor task consisting of math exercises. Following the last trial the 

participants answered how many words they estimated that they would remember in 7 

days, and then how many words they would remember in five minutes. Following the 

questions the participants received a five minute long distractor, of the same kind as 

between the other trials. All participants then completed an immediate recall test of all 

the 30 words. All participants returned after 7 days and completed a final recall test of 

all the learned words.  

During the study trials, each word taken from the conditions word list was 

presented randomly, one at a time in the center of a computer screen, for eight seconds. 

The test trials were made on a blank A4 paper with a pencil, and lasted four minutes. 

Before each test trial, each participant was instructed to write all the words they could 

remember from the study trials, each word below the last one. They were also instructed 

to draw a horizontal line beneath the last word, whenever they heard a beep sound from 

the computer. The beeps occurred 30 seconds apart. After each test trial the participants 

handed the used paper to the test instructor.  
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Results 

The analyses were made using three separate analyses of variance (ANOVA), one for 

the number of recalled words, and one for each of the two measurements of 

organization. Each analysis will be presented in more detail under their separate 

heading. In all analysis an alpha level of .05 was used. 

Table 1.  Mean number of words recalled, adjusted ratio of clustering (ARC) for both 

retention intervals, and paired frequency (PF) for each condition. 

 

Words recalled 

The following analysis was made using a 2 x 2 x 2 mixed model analysis of variance 

(ANOVA); with learning technique and material type as between participant variables, 

retention interval as within participant variable and number of recalled words as 

dependent variable. Table 1 shows the performance in the four conditions. The analysis 

showed an expected significant main effect of retention interval, F (3, 40) = 53.07, p 

<.0001, ηp
2
 = .59, and of material type, F (1, 37) = 9.12, p <.01, ηp

2
 = .20. The 

participants recalled more items in the immediate test (M = 27.83, SD = .43) than in the 

delayed test (M = 23.83, SD = .76) and they remembered the semantically related 

material (M = 27.51, SD = .78) better than the semantically unrelated items (M = 24.15, 

SD = .76). There was also a statistically reliable retention interval x material type 

interaction, F (1, 37) = 8.42, p < .01, ηp
2
 = .19. There were no other statistically 

significant main effects or interactions. In summary, learning a categorized material 

promoted later retention relative to learning a non-categorized material.  

Category clustering 

For the participants within the two conditions that learned the categorized material, 

ARC (Roenker et al., 1971) scores were calculated (see Table 1). The organizational 

data was then entered into a mixed model ANOVA, using the ARC-score as a 

dependent variable and learning technique (study-only vs. study-test) and retention 

interval as independent variables. There was a statistically reliable main effect of 

learning technique, F (1, 19) = 5.04, p < .05, ηp
2
 = .21, suggesting that the participants 

in the study-only condition (M = .96, SD = .06) clustered their recalls within categories 

more than the participants in the study-test condition (M = .75, SD = .07). In sum, this 

indicates that the participants that restudied the list of semantically related words six 

times recalled the words in a more organized way, than the participants that restudied 

    Immediate test Delayed test     

  
Recall ARC Recall ARC PF 

Material type 

Learning  

technique M CI M CI M CI M CI M CI 

Semantically unrelated Study-only 28.00 1,78 - - 22.20 3,12 - - 6,04 3,04 

 
Study-test 25.90 1,78 - - 20.50 3,12 - - 5,52 3,04 

Semantically related Study-only 28.82 1,70 0,98 0,14 26.00 2,97 0,94 0,13 9,52 2,89 

  Study-test 28.60 1,78 0,75 0,15 26.60 3,12 0,75 0,14 9,74 3,04 

CI, 95 % confidence  interval. 
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the words three times and retrieved the words from memory three times. There were no 

other statistically significant main effects or interactions.   

Subjective organization 

To measure to what degree each participant subjectively organized their recall 

(Mulligan, 2002); a PF score (Sternberg & Tulving, 1977) was calculated for each 

participant. PF was calculated using the data from both retention intervals, as 

calculating PF requires data from at least two recall trials (for each conditions’ mean 

PF, see Table 1). An ANOVA was calculated, using learning technique and material 

type as independent variables and PF scores as the dependent variable. As PF is 

calculated using presence of word pairs between two tests this resulted in no separate 

PF score for the immediate and the delayed test. Analysis showed a statistically 

significant main effect of what material the participants had learned, F (1, 37) = 6.76, p 

< .05, ηp
2 

= .15, showing that learning a semantically related material (M = 9.63, SD = 

1.04) facilitates subjective organization more, relative to learning a semantically 

unrelated material (M = 5.78, SD = 1.06). There were no other statistically significant 

main effects or interactions.  

 

Discussion 

In the present study we argued that although the retrieval hypothesis (Dempster, 1996) 

can explain the testing effect in terms of effortful retrieval (e.g., Auble & Franks, 1978), 

and elaborative processing (e.g., McDaniel & Masson, 1985), this does not rule out the 

possibility of additional explanations for some of the size of the testing effect. One such 

explanation of the testing effect has been suggested to be that testing leads to better 

mental organization of learned items, relative to only studying, and that the higher 

levels of organization can explain part of the testing effect (Zaromb and Roediger, 

2010). Their suggestion comes from their finding that two different measurements of 

organization increased with testing, relative to restudying. This was argued in the light 

of earlier research that has found that mentally organizing information facilitates later 

retrieval (Mulligan, 2005; Tulving, 1962).  

Something Zaromb and Roediger (2010) could not conclude from their 

experiment was whether the higher levels of organization due to testing actually caused 

some of the testing effect in their experiment. Therefore, the aim of the present study 

was to investigate what happens to the size of the testing effect if both the study-only, 

and study-test condition could benefit equally much from organizational information in 

the material. If the testing effect to some degree could be explained by testing 

promoting better memory organization, this organizational benefit to memory should be 

reduced, if both the study-only and study-test condition could take advantage the same 

high levels of organization.  

It was predicted from Zaromb and Roediger’s (2010) suggestion that there would 

be an interaction effect of retention interval x material type x learning technique. This 

means that the testing effect was predicted to be smaller between the conditions that 

learned the semantically related material, relative to the conditions that learned the 

semantically unrelated material. However, analysis of the results showed no such 
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interaction. This must be understood in the context of the other results in the present 

study.  

As the testing effect has been documented in several previous studies with similar 

designs as the present experiment (e.g., Butler & Roediger, 2007), it was predicted that 

there would be an interaction effect of learning technique and retention interval (i.e., a 

testing effect) in that the difference between the two recall tests would be smaller for the 

participants in the two study-test conditions than for the participants in the study-only 

conditions. Showing that the participants in the study-test conditions forgot 

proportionally less over the 7 days compared to the participants using the other learning 

technique. However, the present study did not replicate the testing effect; there were no 

statistically significant differences between the study-test and study-only conditions that 

learned neither the semantically related nor semantically unrelated word list. 

Nevertheless, as a large volume of studies have replicated the testing effect over the 

years; the lack of a testing effect in the present experiment could be presumed to be the 

result of some flaw in the design, or maybe that the sample size was too small to detect 

any differences. However, the latter suggestion is contradicted by study-only conditions 

performing equally good or even better than their study-test counterparts in the delayed 

test (see Table 1). Hence, the suggestion is not only unlikely, but incorrect.  

Nonetheless, this study found two statistically reliable effects on the number of 

recalled items. The participants that learned the semantically related material 

remembered more items than the participants that learned the semantically unrelated 

material. This is in line with previous research, that the more participants organize their 

memories, the more items they can recall (Mulligan, 2005). There was also a 

statistically reliable interaction between material type and retention interval, suggesting 

that the participants that learned the related material not only remembered more of their 

items compared to the participants learning the unrelated words, but they also forgot 

fewer items over time. To our knowledge, no previous research has shown a similar 

interaction. The interaction between material type and retention interval might indicate 

that a semantically related material is forgotten slower, relative to an unrelated material. 

One interpretation of this could be that the semantic relations between the words 

provide the participants with more available retrieval routes. In previous studies, 

additional retrieval routes have been argued to facilitate memory retrieval (e.g., 

McDaniel & Masson, 1985). These additional routes might aid the participants in 

remembering the words over time; remembering one word from a category might 

provide a retrieval route for other words from the same category, leading to higher 

retrieval rates over time, relative to a material without categories.  

A common finding in the testing effect literature is that testing relative to only 

studying benefits long term memory, whereas restudying usually produces a higher 

level of recalls if the final test is close in time to the learning session (Roediger et al, 

(2010). The present study did not replicate this learning technique by retention interval 

interaction. As the testing effect is such a robust effect (Roediger & Karpicke, 2006), 

this could suggest that there were other influences on the learning trials than just 

repeated testing and studying.  

One possible explanation for the lack of predicted results is that, in the study 

trials, the time to study each word was too long. The participants were exposed to each 
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word for eight seconds, so that total exposure time in a study trial would be equal to that 

of a test trial. After the final session, several participants expressed that the long 

exposure time gave them time for different memory techniques such as building tales 

around the words, building odd word-pairs, or creating a world in which they placed the 

words. The fact that all learned words were common nouns might have made this 

especially easy. If a large proportion of the participants used memory techniques other 

than restudying the material or retrieving it from memory, this might explain the lack of 

a testing effect. Given that the additional memory techniques provided the participants 

relational information, connecting the learned words together. This might increase the 

number of items they remember, as organizing a material is known to benefit memory 

(e.g., Tulving, 1962). This increase in remembered words might be large enough to hide 

an actual testing effect. Any similar future experiments should therefore consider having 

a shorter exposure time per item, or adding very explicit instructions on what memory 

techniques the participants should use.  

It was also predicted that there would be differences between the conditions in 

two measurements of organization; ARC (Roenker et al, 1971) and PF (Sternberg & 

Tulving, 1977). The ARC score was only calculated for the study-test and study-only 

conditions that learned the semantically related material, because only this material had 

predefined categories. As it was part of the design of the present study to make it 

possible for both conditions to benefit equally much from category organization, it was 

predicted that there would be no major difference in category clustering (measured by 

ARC score) between the two conditions. The results showed that there was a 

statistically significant difference between the study-only and study-test condition; the 

participants in the study-only condition tended to cluster their recalls within the 

predefined categories, more than the study-test condition. This is surprising as earlier 

studies have found the opposite effect (Zaromb & Roediger, 2010), that category 

clustering was higher for the testing group. This suggests that, contrary to earlier 

research, testing does not necessarily increase organization relative to repeated studying. 

However, the present finding could also be the result of the possibility of participants 

using memory techniques, other than just reading and testing their memory, as 

mentioned previously. The extra study time given to the study-only (six study trials) 

relative to the study-test conditions (three study trials), might also have given them 

more time to apply these strategies, raising their organization level above the study-test 

conditions level. As the effects of the unexpected memory techniques used were not 

measured in this experiment, it is only possible to speculate on their effects on the 

result.  

In an attempt to capture subjective organization (Mulligan, 2002), paired 

frequencies were measured (PF; Sternberg & Tulving, 1977). It was predicted that 

participants in the study-test condition would subjectively organize their recalls more 

than the participants in the study-only condition, as this has been found previously 

(Zaromb & Roediger, 2010). The results showed that the PF score did not differ as 

predicted. There was no statistically significant main effect of learning technique on PF 

scores. This effect is quite surprising, as Zaromb and Roediger (2010) showed a 

statistically significant increase in PF related to the number of tests. Why there was no 

increase in PF in the present experiment cannot be explained by the results or 

experimental design (see Figure 1). One possibility is that the relation between 

subjective organization (PF) and testing can only be found under certain specific 
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circumstances, such as those in Zaromb and Roediger’s (2010) first experiment, where 

all participants had 150 words to learn. Although there was no increase in PF due to 

testing, there was, however, a main effect of material type. This suggests, that 

participants learning a semantically related material will recall the material in a more 

organized way, relative to the participants that learned a semantically unrelated 

material. 

The overall design (see Figure 1) of the present study was argued to produce the 

predicted results, given the assumption that organization can explain a part of the testing 

effect in free recall. However, there was no sign of a testing effect in the present 

experiment, which made it is hard to draw any conclusions about the relations between 

the testing effect and organization. Any future similar experiments should therefore 

focus on taking precautions to produce a testing effect, so that the effect sizes can be 

compared. Future experiments should also consider ways of preventing participants 

from using memory techniques that are not intended for the experiment. One way could 

be to provide the participants with very clear instructions. An additional way could be to 

ask all participants, after the experiment, to describe what kind of memory techniques 

they used. This could be used to control if different memory techniques affected the 

outcome in the final tests. Lowering exposure time per item could perhaps also prevent 

the usage of different memory techniques, only giving the participants enough time to 

read the items during the study trials. 

In sum, the present experiment examined the hypothesis that part of the testing 

effect in free recall can be explained by organizational benefits. The hypothesis was 

examined using four conditions, one study-only condition and one study-test condition 

in which the participants learned semantically related words. The other two conditions 

were equal, except that the participants learned semantically unrelated words. By using 

this design, we could examine if the size of the testing effect between the study-only 

and study-test condition would be different depending on the material type. However, 

due to the lack of any testing effect between any conditions, we could not draw any 

conclusions about the hypothesis. The lack of a testing effect is suspected to result from 

participants used learning techniques other than restudying or testing. Nevertheless, the 

present findings did support previous research showing that an organized material 

facilitates retention, relative to a less organized material (e.g., Mulligan, 2005). 

Furthermore, the results indicate that not only did the related material lead to higher 

retention, but it might also have been forgotten more slowly. The results also indicated, 

opposite to what earlier studies have found (Zaromb & Roediger, 2010), that restudying 

lead to higher rates of category clustering compared to testing. Further similar studies 

should focus on producing a testing effect to ensure that the effect sizes can be 

compared. 
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