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Abstract 

The testing effect is a powerful memory-enhancing phenomenon, in which initial testing 

of previously encoded material improves long-term retention more than repeated studying 

of material. Divided attention tasks can impair the testing effect when the memory task 

requires recollection-based memory. The present study investigated the effects of 

dividing attention during the initial test phase on a later recall test. Participants first 

studied English/Swahili word pairs under full attention. Next, they performed no 

additional task, studied the word pairs again, received an initial test under full attention, 

or received an initial test under divided attention. All participants then returned two days 

later to complete the final recall assessment. Participants who received an initial test 

under full attention performed significantly better on the final assessment than 

participants in all the other conditions, replicating the standard testing effect. Participants 

who received an initial test under divided attention did not perform significantly better on 

the final assessment than participants in the study-only conditions. Dividing attention 

impaired the testing effect even when the initial test performance was equated for those 

who received an initial test under full attention and divided attention. These findings 

demonstrate that dividing attention during the initial test phase eliminated the testing 

effect. 
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The Testing Effect and Recall: Exploring the Role of Attention in Long-Term Retention  

 Previous research has documented the negative effects of dividing attention on 

explicit memory (conscious remembering) tasks (e.g., Naveh-Benjamin, Craik, & Dori, 

1998). Studies indicate that the ability to commit or encode information such as events 

and facts to memory can be reduced when attention is divided between encoding and a 

subsequent task (Naveh-Benjamin, Craik, Perretta, & Tonev, 2000). In contrast, memory 

retrieval, the act of recalling or recognizing previously- encoded stimuli, appears to 

remain largely unaffected when attention is divided during the retrieval task (e.g., 

Baddeley, Lewis, Eldridge, & Thomspson, 1984; Naveh-Benjamin et al., 2000; Naveh-

Benjamin et al., 1998). However, some studies indicate that the ability to recall 

previously encoded word pairs can be negatively affected when the simultaneous divided 

attention (DA) task also requires cognitive evaluation of words (Fernandes & 

Moscovitch, 2000). Given the capacity of DA tasks to interfere with recall memory 

performance, memory boosting techniques such as the testing effect may also be 

influenced by dividing attention. In what follows, we will review the literature on divided 

attention, memory, and the testing effect. Then we will examine the effects of dividing 

attention on the testing effect. 

Attention and Memory 

Past studies have examined the intricacies of dividing attention at encoding or 

retrieval. Naveh-Benjamin et al. (1998) predicted that (1) dividing attention would affect 

recall more at encoding than at retrieval, and that (2) some moments between or during 

encoding and retrieval times would be more susceptible to distraction than other 

moments. Results supported these hypotheses. Participants were told to memorize three 
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15-word lists, one of which was encoded and retrieved under full attention (FA), another 

was encoded under DA and retrieved under FA, and the last was encoded under FA and 

retrieved under DA. The DA task consisted of tracking the movement of an asterisk on a 

computer screen. During the recall phase, participants had 30 s to recall verbally as many 

words as possible either under FA or DA.    

Participants recalled the most words under FA at encoding and retrieval (M = 

50.90%), followed by FA at encoding and DA at retrieval (M = 49.20%), which was in 

turn followed by DA at encoding and FA at retrieval (M = 42.70%). Additionally, 

analysis of the tracking task revealed that encoding required attention resources both 

during and between encoding events. Participant accuracy on the tracking task declined 

equally when compared with tracking task accuracy at baseline both at the exact 

moments when they were verbally presented with the words and in moments between 

these verbal presentations. In contrast, recall required almost no attentional resources 

during retrieval events. Participants performed the tracking task with high levels of 

accuracy, compared to baseline measures, while simultaneously recalling words.    

These findings illustrate the relative impact of dividing attention at encoding on 

recall versus dividing attention at retrieval on recall. It is possible to conclude that these 

differences in accuracy on the DA task were a result of participant trade-off strategies 

during encoding and retrieval. During encoding, participants may not have noticed the 

effects of a lack of attention and, therefore, placed little priority on committing words to 

memory. Oppositely, during retrieval, participants may have felt pressure to obtain 

correct answers and, therefore, gave retrieval tasks relatively more emphasis than 

encoding tasks. However, despite these possible explanations, significant differences in 
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the effects of dividing attention at encoding versus retrieval suggest that encoding and 

retrieval utilize distinct memory resources. The resources needed during encoding appear 

to be affected much more severely by DA conditions than the resources utilized during 

retrieval.   

A later experiment further acknowledged this asymmetry between DA effects at 

encoding versus retrieval for explicit memory (Naveh-Benjamin, Craik, Perreta, & 

Tonev, 2000).  Participants were shown a series of faces attached to fictitious names with 

two additional defining characteristics (e.g., “Simon Parson wants to study math in 

England” with “math” and “England” as defining characteristics). Researchers instructed 

participants to encode the information as best as possible so that they could later recall 

both the names and defining characteristics when given the face as a cue. Each 

participant performed the recall task twice, once under FA at both encoding and retrieval 

and a second time under DA. The DA task consisted of concurrent digit monitoring of a 

string of verbally presented numbers at either encoding or retrieval. Participants were 

instructed to write down number sequences of 3 successive odd digits while 

simultaneously performing the recall task. Given the relative difficulty of the recall task, 

researchers predicted that DA at both encoding and retrieval would significantly impair 

task performance equally. However, results contradicted this hypothesis. DA at encoding 

significantly affected recall of both names and characteristics. In contrast, DA at retrieval 

had only a small effect on recall of names and no effect on retrieving characteristics.  

 These findings indicated that dividing attention at retrieval has essentially no 

effect on recall. However, two possible weaknesses underlie the experiment’s design.  

First, because retrieval time was not measured, DA may have affected retrieval in terms 
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of how long it took participants to remember stimuli (response latency) rather than in 

terms of accuracy (% recalled). Second, because the DA task only required participants to 

monitor digits at a rate of one digit every 1.5 s, participants may have been able to switch 

their attention rapidly from one task to another. 

 In a second experiment, the authors attempted to address these weaknesses 

(Naveh-Benjamin, Craik, Perreta, & Tonev, 2000). Prior to the study phase, the relative 

strength of association between cue words and target words was examined. Pairs were 

labeled as either medium-association or low-association. Participants were presented 

verbally with 16 word pairs at 5 s intervals and told to memorize each pair so that, if 

presented with the initial cue word they could remember the second target word. During 

the recall task, cues were presented at the same 5 s rate and participants had to respond 

before the following cue appeared. Participants in the DA conditions (either at encoding 

or retrieval) had to perform a simultaneous task involving identifying the spatial location 

of an asterisk on a computer screen. 

 Results, again, did not uphold the researchers’ predictions that both encoding and 

retrieval processes would be equally affected by the simultaneous task. Whereas ability to 

encode words was significantly impaired under DA (especially in the DA/low-associative 

strength condition), ability to retrieve words was not significantly affected under DA 

(even in the DA/low-associative strength condition). These results further support the 

claim that attention demands are more powerful at explicit memory encoding than 

retrieval. Thus, even under conditions when memory and DA tasks were difficult and 

timed, DA during retrieval appeared to leave recall unaffected relative to FA at retrieval. 
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 Earlier studies demonstrated similar outcomes with regard to dividing attention at 

retrieval (Baddeley et al., 1984). In one experiment, researchers tested the ability of 

participants to recall words while performing a concurrent card-sorting task. As 

predicted, the card-sorting task failed to significantly affect participant recall in 

comparison to FA participants. This outcome suggested that recall is a largely automatic 

process when compared to encoding.   

Brain imaging research also provides evidence for differences between encoding 

and retrieval processes. In one study (Tulving et al., 1994), participants underwent a PET 

scan while hearing a recording of previously-studied sentences and new sentences. When 

participants heard previously-studied sentences, brain activation occurred in the right, 

dorsolateral prefrontal cortex with minimal activation in the left frontal area. In contrast, 

verbal encoding of words in explicit memory activates the left frontal cortex (Peterson et 

al., 1988). Taken together, these studies indicate that the right, prefrontal cortex is more 

involved in the retrieval of verbal information than the left frontal region. Oppositely, the 

left frontal region appears to be more involved in encoding of verbal information than the 

right prefrontal region. Therefore, it is plausible to conclude that DA tasks may compete 

for memory resources utilized in the left frontal region (thereby inhibiting future 

remembering) while leaving resources in the right, prefrontal cortex intact (thereby 

allowing retrieval to occur without interference). However, future research must be 

conducted to further examine this hypothesis.     

A series of experiments by Fernandes and Moscovitch (2000) attempted to 

identify specific types of DA tasks during retrieval that interfere with recall. In one 

experiment they compared the effects of two different DA tasks on recall: A digit-
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monitoring task versus an evaluation of presented words as either manufactured or 

naturally occurring. Participants were presented verbally with a 16-word list and told to 

remember as many items as possible for a future memory assessment. Participants then 

wrote down as many of the 16-words as possible under three conditions (control-no 

distraction, digit monitoring DA task, and manufactured/natural DA task). The mean 

numbers of words recalled in both the manufactured/natural DA task condition and the 

digit-monitoring DA task conditions were significantly less than the mean number of 

words recalled under FA. Additionally, there was a significant difference in the number 

of words recalled between the manufactured/natural DA task condition and the digit-

monitoring DA task condition, such that participants recalled more items under the digit-

monitoring DA task condition than participants under the manufactured/natural DA task 

condition. These results confirmed predictions that recall is affected, and more so by DA 

tasks that require similar cognitive resources to the memory task.  

 These findings supported the claim that some DA tasks, but not others, affect 

performance when DA occurs at retrieval (Fernandes & Moscovitch, 2000). This claim 

contradicted prior research (e.g., Baddeley et al., 1984) on attention and memory that 

found retrieval to be a largely automatic process. One alternative explanation of the 

retrieval process relates to memory traces. As explained earlier, brain-imaging studies 

(e.g., Peterson et al., 1988; Tulving et al., 1994) have determined that the prefrontal 

cortex is involved in both memory encoding and retrieval. It is possible that DA tasks that 

require utilization of the same resources as recall tasks, such as making decisions about 

words as opposed to numbers or asterisks, have the ability to disrupt memory traces in the 

prefrontal cortex. This would explain why the manufactured task (that concerns word 
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manipulations) diminished capacity for word recall whereas the digit-monitoring task did 

not.  

 Given the extent to which prior studies demonstrate the capacity of dividing 

attention to influence memory performance, it is plausible to conclude that memory 

boosting techniques would also be affected under DA conditions. Memory enhancing 

techniques that aid both encoding of information and later retrieval should be especially 

prone to DA manipulations, particularly when the DA task requires cognitive resources 

similar to the recall task. One memory-enhancing phenomenon, known as the testing 

effect, demonstrates how encoding reinforcement can aid later retrieval.     

The Testing Effect 

 Recent studies report that learning can be improved more through testing than 

repeated studying (e.g., Carpenter, 2011; Coppens, Verkoeijen, & Rikers, 2011; 

Dudukovic, DuBrow, & Wagner, 2009; Kang, McDaniel, & Pashler, 2011; Karpicke & 

Roediger, 2008; Roediger & Karpicke, 2006). This phenomenon, known as the testing 

effect, refers to the increased rate of recall on a final assessment when participants are 

given the opportunity to study material and then take an initial assessment on the learned 

stimuli, relative to restudying without an initial test. 

 Prior studies examined the efficacy of the testing effect for improving recall of 

symbol-word pairs (Coppens, Verkoeijen, & Rikers, 2011). Under one condition, 

participants studied symbol-word pairs four times, and under another condition 

participants studied once and were tested three times using a cued-recall test. All 

participants then completed a final cued-recall test on all the symbol-word pairs, either 5 

min or 7 days following the fourth study session or the third initial recall test. After a 
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retention interval of 5 min, restudied pairs were recalled as well as initially tested pairs. 

However, after a retention interval of 7 days, initially tested pairs were recalled 

significantly better than restudied pairs. These findings indicated the efficacy of the 

testing effect for improving long-term retention of symbol-word learning. 

A similar study attempted to build upon earlier testing effect research by 

examining the benefits of initial testing for function learning, a complex type of learning 

concerning numerical functions (Kang, McDaniel, & Pashler 2011). Participants were 

taught a bilinear function that mapped numbers between 1 and 100 onto a numeric 

output. During the training phase, the study-only condition learned the relationship 

between input and output values by observing pairings of inputs with their corresponding 

outputs. Participants in the study-test condition were presented with the input value and 

had to predict the appropriate output value before they were shown the correct answer. 

The training phase was followed by a test of function learning, in which all participants 

had to predict the appropriate output values for given input values. Results indicated that 

participants in the study-test condition were better able to produce output values in 

response to given input values than participants in the study-only condition. These 

findings suggested that learning based upon forced prediction of material, as in the study-

test condition, improves learning more than simply studying material. These results also 

generalized the testing effect from concrete information, such as symbol-word pair 

learning, to more abstract information like function learning. 

Roediger and Karpicke (2006) attempted to investigate the testing effect under 

educationally relevant conditions using prose materials and free recall. In their 

Experiment 1, participants were given an opportunity to study two prose passages that 
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were each divided into 30 idea units. Participants either took an initial test or restudied 

the passages before taking a final free recall assessment 5 min, 2 days, or 1 week later. 

Participants in the initial test condition performed better on the final recall assessment 

than participants in the additional study condition, especially after a delay. Although 

restudying produced better performance on the short-interval (5 min) final recall 

assessment, initial testing produced better performance on both the 2 day and 1 week 

final recall assessments. In their Experiment 2, participants studied a passage once and 

took three tests (STTT), studied three times and took one test (SSST), or studied the 

passage four times (SSSS). Participants then completed a final assessment 5 min or 1 

week later. Results indicated that repeated studying produced short-term benefits, 

whereas repeated testing produced greater benefits on the delayed assessment. While 

forgetting occurred in both experiments participants in the study-only condition exhibited 

much more forgetting than the participants in the testing conditions (Roediger & 

Karpicke, 2006). 

 Results from both experiments suggested that the enhanced learning from 

subsequent testing is not simply a result of participants gaining re-exposure to the 

material during testing. If re-exposure to the material during testing produced enhanced 

learning, then the study-only conditions should have yielded superior results over the 

testing conditions (Roediger & Karpicke 2006). Despite the benefits of repeated studying 

for improving short-term memory, repeated testing produced better recall on the delayed 

assessment.  

The transfer-appropriate processing framework offers one possible explanation 

for this phenomenon (Morris, Bransford, & Franks, 1977). Under this framework, 
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practices that emphasize the compatibility between operations used during learning and 

testing phases will provide the greatest enhancement of learning. With regard to the 

testing effect, the act of taking tests after studying is thought to engage encoding 

processes and the same retrieval processes used during the final assessment (Roediger & 

Karpicke, 2006).  

Carpenter (2011) provided a different explanation for the testing effect. Focusing 

on the retrieval process, she maintained that recalling a target from a cue is more likely to 

involve the activation of concepts that are related to that cue than simply restudying the 

cue-target pairs. Carpenter’s (2011) mediator effectiveness hypothesis, therefore, states 

that, “initial tests are beneficial because they are more likely than restudy opportunities to 

enhance the link between a cue and target via mediating information” (p. 1). To explore 

this hypothesis further, she designed a series of experiments to examine the role of 

mediators in the testing effect. 

 In her Experiment 1, participants studied cue-target pairs. In a subsequent phase, 

participants were either presented with a cue word and were asked to type in a target 

word (test condition), or studied the word pairs again (study condition). Participants then 

completed a final assessment in which they were instructed to recall a target (e.g., child) 

from previously studied cue words (e.g., mother) or from new items that had never 

appeared before. Each new item was either unrelated to any item that had appeared 

before (unrelated items, e.g., table) or strongly related to one of the previously presented 

cues (semantic mediators, e.g., father). Results demonstrated the presence of the testing 

effect and greater levels of target word recall from semantic mediators in the test 

condition compared to the re-study condition. Participants in the test condition also 
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exhibited higher levels of false alarms in response to semantic mediator cues than 

participants in the re-study condition. In Experiment 2, participants completed the same 

procedure as in Experiment 1. However, final retention was tested differently. 

Participants were asked to recall the target from the same cue as before, from a new cue 

that they had not seen before, or from a semantic mediator. Results, again, demonstrated 

the presence of the testing effect. Participants recalled more targets from semantic 

mediators than from new related cues. More importantly, those in the test condition were 

better able to recall targets from semantic mediators than from new related cues. 

 These findings indicated that participants in testing conditions exhibit better long-

term retention because the study-only conditions fail to promote the creation of semantic 

mediators (Carpenter, 2011). Results from these two experiments demonstrated the 

efficacy of constructing semantic mediators in order to improve long-term retention, and 

provided support for second theoretical framework for the testing effect. 

Dividing attention during initial retrieval may be detrimental for future 

recollection-based memories, “the retrieval of specific contextual details associated with 

an item” (Dudukovic, DuBrow, & Wagner, 2009, p. 953). However, dividing attention 

during initial retrieval may not impair familiarity-based memories, “the sense of having 

encountered an item without retrieving any specific details” (Dudukovic, et al., 2009, p. 

953). While recollection demands attention in retrieving contextual information, 

familiarity may not be affected by attention because it does not involve any retrieval of 

specific details. Dudukovic, et al. (2009) investigated whether attention would influence 

the memory-boosting capabilities of the testing effect. During the study phase, 

participants were asked to make a judgment of presented pictures by labeling them as 
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either living or nonliving, or by giving them like or dislike ratings. Following the study 

phase, participants were given a test for half of the pictures under DA (auditory 

discrimination task) and the other half under FA. Participants returned after two days to 

complete a final assessment, the same as the previous assessment, except all participants 

were tested under FA. DA tasks negatively affected participants’ performance on the 

final assessment and, also, impaired participants’ ability to retrieve associated details 

(whether the picture was judged as living or nonliving, or as liked or disliked). From this 

study, Dudukovic et al. (2009) concluded that DA affected the recollection process and, 

therefore, the power of retrieval as an encoding event is attention dependent for 

recollection-based memory. 

Testing Effect Efficacy Under DA 

 Taken together, prior studies concerning the effects of DA on memory retrieval 

(e.g., Baddeley et al., 1984; Naveh-Benjamin, Craik, Perretta, & Tonev, 2000; Naveh-

Benjamin, Craik, & Dori, 1998) and the two theories behind the testing effect (e.g., 

Roediger & Karpicke, 2006; Carpenter, 2011) suggest new questions about the efficacy 

of the testing effect. The extent to which dividing attention during an initial test affects 

recall performance on a final assessment, as opposed to recognition, remains unknown. 

Recall is thought to be based almost entirely on recollection. Based on the 

aforementioned studies that found non-significant effects of DA on retrieval, one might 

predict that dividing attention during the retrieval-based initial testing stage would also 

minimally affect a final recall assessment. However, from studies by Fernandes and 

Moscovitch (2000), one may conclude that a DA task that competes for the same memory 
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resources as a given recall task will have the greatest potential to decrease the memory-

boosting capacity of the testing effect.    

 The purpose of the present study was to examine the role of attention during the 

initial test phase of the testing effect when the final assessment task requires recall of 

educationally relevant materials. We presented participants with a set of 20 word pairs, 

with each pair composed of a cue word and a target word. After this initial study phase, 

we assigned participants to either a double study (DS) condition (participants were given 

a second chance to study the word pairs), a full attention test (FAT) condition 

(participants took an initial quiz on the word pairs that required them to write down as 

many target words as possible when given the cue words without completing a secondary 

task), a divided attention test (DAT) condition (participants took an initial quiz of the 

word pairs while simultaneously completing a secondary task), or a control/single study 

(SS) condition (participants were not given additional study time or an initial quiz). 

Forty-eight hours later, participants from all conditions completed a final assessment, 

identical to the test used in the test conditions, where they were instructed to recall as 

many target words as possible when presented with the cue words. Based on prior 

research regarding memory, attention, and the testing effect, we predicted that: 

1. On the final test, participants in the FAT condition will perform better 

than all other conditions. This outcome will represent a standard testing 

effect. 

2. On the final test, participants in the DS condition will not perform 

significantly better than participants in the SS condition. This outcome 

will be consistent with previous research that demonstrates that 
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studying twice as opposed to once does not enhance long-term recall 

(Roediger & Karpicke, 2006). 

3. On the final test, participants in the DAT condition will perform worse 

than participants in the FAT condition. While both conditions will 

benefit from the testing effect, the FAT condition will be able to take 

full advantage of the testing effect without distractions. 

4. On the final test, participants in the DAT condition will outperform 

participants in the DS and SS conditions. Because the testing effect is 

such a powerful memory enhancer, we do not believe that the DA task 

will completely eliminate the testing effect.          

Method 

Participants 

We recruited 76 Whitman College undergraduates. Participants were recruited 

through emails to class and department listserves. Participants from introductory 

psychology courses received extra credit at the discretion of their professor. Participants 

from other departments did not receive any form of compensation. Two participants who 

had prior exposure to Swahili were not permitted to participate in the study. The final 

sample of participants consisted of 12 freshmen (16.20%), 29 sophomores (39.20%), 15 

juniors (20.30%), and 18 seniors (24.30%), leaving a total of 74 participants in the study. 

Materials 

 We used 20 English/Swahili word pairs that have been used in past research on 

the testing effect (Karpicke & Roediger, 2008; see Appendix A). We chose to utilize an 

assessment measure that requires recall of newly created associations to avoid confounds 
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concerning participants’ prior existing semantic associations. We avoided pairs that 

concerned food in order to avoid interference between the assessment task and the DA 

task, which is described below.    

 The DA task consisted of a taped reading of an instructional piece on sandwich 

making read by a male individual (Leefrancesemery, 2011; see Appendix B). The 

recording lasted for the entire duration of the initial test (2 min 40 s). We used verbal 

material for the DA task because previous research has demonstrated that this type of task 

has the greatest capacity to interfere with retrieval of verbal information (Fernandes & 

Moscovitch, 2000). At the same time, we wanted our DA task to be relevant to academic 

settings where side conversations often inhibit encoding and retrieval of educational 

material. 

Procedure  

Participants were tested in groups of 6 - 10 (all in the same experimental 

condition) in 16 experimental sessions each lasting about 10 minutes. All sessions were 

performed in the same classroom. Desks were arranged in rows and participants were 

spread throughout the room. After signing an informed consent form (see Appendix C), 

participants began Phase I. They were presented with 20 English/Swahili word pairs on a 

screen at a rate of one pair every 5 s. Participants were told that they should study the 

pairs so that, if presented with the Swahili cue word, they could recall the English target 

word.  

Phase II began immediately after Phase I. The nature of Phase II was dependent 

upon experimental condition. Participants in the SS condition received nothing for Phase 

II of the experiment. Participants in the DS condition were given an additional study 



Running head: TESTING EFFECT AND ATTENTION 
 

21 

session identical to the first, except each word pair remained on the screen for 8 s (as 

opposed to the initial study session 5 s period). Participants in the FAT condition 

completed an initial recall assessment (see Appendix D). Each of the 20 Swahili cue 

words was displayed individually on the screen for 8 s, and participants were instructed 

to write down the English target word associated with each cue word. If participants 

could not recall a particular target word, they were instructed to leave the space blank. 

Pagination in the bottom right corner of each slide ensured that participants did not get 

confused with word order. Additionally, during the initial test, participants listened to the 

taped recording of the DA task, but these participants were told to ignore the recording as 

it was only meant to divide their attention from the recall task. Phase II lasted 160 

seconds for the FAT condition participants. Participants in the DAT condition completed 

an initial recall assessment (see Appendix E) identical to that used in the FAT condition 

but with the addition of the DA task. Participants were instructed to make a tally mark at 

the top of the page every time they heard the word “bread.” The word “bread” occurred 

19 times throughout the recording. The audio recording began and ended in time with the 

160 s initial test. Participants were told that both the recall test and the DA task were of 

equal importance and that they should perform as well as possible on both measures.  

Forty-eight hours after completing Phases I and II, participants in all four 

conditions returned for the Phase III final assessment measure (see Appendix F). The 

instructions and administration of the final assessment were identical to the initial recall 

test for the FAT and DAT conditions described in the preceding paragraph, except that 

the cue word presentation order was changed. Each cue word remained on the screen for 

15 s, and there was no taped recording/DA task. After completing the final assessment, 
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participants completed a demographics form (see Appendix G) and received an oral 

debriefing. The debriefing addressed the purpose of the study, specific hypotheses under 

investigation, and contact information. Upon departure, participants were asked to refrain 

from talking about the experiment in detail with friends and acquaintances. 

Formally, the experiment used a single-factor, between-groups design with four 

levels. The independent variable was the four different levels of Phase II: nothing (SS), 

an additional study session (DS), an initial test under FA (FAT), and an initial test under 

DA (DAT). The main dependent variable was the proportion of words recalled correctly 

on the final recall assessment measure. 

Results 

 Participants in the DAT condition correctly recalled an average of 13.00 bread 

words out of a total of 19 occurrences (68.42%). With regard to the initial test scores, 

participants in the FAT condition correctly recalled an average of 6.95 words out of 20 

(SD = 4.39). Participants in the DAT condition correctly recalled an average of 4.00 

words (SD = 2.72). The difference between these conditions was significant, t(36) = 2.49, 

p < .05 (α = .05, two-tailed, for all statistical tests). 

 We analyzed final assessment scores with a one-way analysis of variance 

(ANOVA) with four levels. There was a significant difference between groups, F(3, 70) 

= 10.47, p < .05. On average, participants recalled the least number of words in the SS 

condition (M = 1.83, SD = 1.82), followed by the DS condition (M = 2.89, SD = 2.37), 

followed by the DAT condition (M = 3.05, SD = 1.43), followed by the FAT condition 

(M = 5.95, SD = 3.32). Additional comparisons using Tukey’s HSD revealed that the 
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FAT condition performed significantly better than all the other conditions, and that no 

other comparisons were significantly different. 

 The distributions were positively skewed due to the presence of outliers amongst 

participants, particularly in the FAT condition. The skew of the SS condition was 1.00, 

the DS was 1.60, the FAT condition was 2.37, and the DAT condition was .28. ANOVA 

assumes normal distributions across conditions (George & Mallery, 2012, p.115). Since 

the skew value between ±2.00 is not considered excellent for a distribution (George & 

Mallery, 2012, p.117), we applied a square root transformation to the data for all 

conditions. After the square root transformation, the skew of the SS condition was -.13, 

the DS was -.28, the FAT condition was 1.74, and the DAT condition was -.20. 

To check whether our results were a product of skewed distributions, we analyzed 

the transformed final assessment scores with an ANOVA with the four different 

conditions. Again, there was a significant difference between groups, F(3, 70) = 11.83, p 

< .05. The pattern of participants’ ability to recall words on the final assessment was 

identical to the original data: The number of words recalled in the SS condition was 1.10 

(SD = .82), the DS was 1.53 (SD = .77), the DAT condition was 1.70 (SD = .43), and the 

FAT condition was 2.37 (SD = .58). Additional comparisons using Tukey’s HSD 

revealed that the FAT condition performed significantly better than all the other 

conditions. However, in this case, the DAT condition also performed significantly better 

on the final assessment than the SS condition. 

We questioned whether the reduction on the final assessment in the DAT 

condition was merely a consequence of a reduction of performance on the initial test. To 

address this question, we manipulated the initial test scores by discarding six participants 
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in the DAT condition who recalled two or fewer word pairs on the initial test. Before the 

manipulation, the initial test scores between the FAT and DAT conditions were 

significantly different as previously described, in which the FAT condition scored higher 

on the initial test than the DAT condition. The final assessment scores were also 

significantly different. After excluding the participants from the DAT condition for the 

manipulation, the initial test scores between the FAT (M = 6.95, SD = 4.39) and DAT (M 

= 5.31, SD = 2.25) conditions were not significantly different, t(30) = 1.24, p > .05. 

However, the final assessment scores remained significantly different between the two 

conditions, t(30) = 2.34, p < .05; the FAT condition (M = 5.95, SD = 3.33) still performed 

better on the final assessment than the DAT condition (M = 3.69, SD = 1.18). This 

finding demonstrates that the testing effect was reduced by the DA task even when initial 

test performance was unaffected by the DA task. 

Discussion 

 We hypothesized that (1) the FAT condition would perform better on the final 

assessment than all other conditions, (2) the DS condition would not perform 

significantly better on the final assessment than the SS condition, (3) the DAT condition 

would perform worse than the FAT condition, and (4) the DAT condition would perform 

better on the final assessment than both the SS and DS conditions. Results supported the 

first hypothesis, demonstrating a standard testing effect. Specifically, the FAT condition 

performed significantly better on the final assessment than all the other conditions. 

Results also supported the second hypothesis. There was no significant difference 

between the SS and DS conditions. Results also supported the third hypothesis. The DAT 

condition performed significantly worse than the FAT condition on the final assessment. 
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Results partially supported the fourth hypothesis. The DAT condition did not perform 

significantly better on the final assessment than the SS and DS conditions. However, the 

DAT condition did perform significantly better on the final assessment than the SS 

condition in the square-root transformed data analysis. 

 The current study aimed to evaluate the relationship between the testing effect and 

attentional factors. In day to day life, memory is often hindered by DA tasks that require 

the same cognitive resources needed for retrieval. For example, college students often 

study in situations where several side conversations and other distractions take place. In 

our study, we attempted to simulate these types of distractions in the context of the 

testing effect. The FAT condition performed significantly better than the DAT condition, 

demonstrating the effectiveness of the DA task at limiting the power of the testing effect. 

 With regard to the first hypothesis, our results are consistent with past research 

that demonstrates the efficacy of testing for boosting memory on a delayed assessment 

(e.g., Carpenter, 2011; Coppens, Verkoeijen, & Rikers, 2011; Dudukovic, DuBrow, & 

Wagner, 2009; Kang, McDaniel, & Pashler, 2011; Karpicke & Roediger, 2008; Roediger 

& Karpicke, 2006). The current study strengthens the validity of the testing effect, and 

shows that the effect applies in real-life academic situations. 

 Results supported the second hypothesis, producing no significant difference 

between the SS and DS conditions. Although this result seems counterintuitive, it is 

consistent with previous studies that show little or no improvement on delayed final 

assessments after repeated studying (Roediger & Karpicke, 2006). 

 With regard to the third hypothesis, participants in the DAT condition performed 

significantly worse on the initial and final assessments than participants in the FAT 
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condition. This finding is consistent with prior research that demonstrates the ability of 

DA tasks to significantly impair recall tests when both the DA task and the memory task 

compete for similar memory resources (Fernandes & Moscovitch, 2000). Although the 

participants in both the FAT and DAT conditions were able to perform equally well on 

the initial test after the data manipulation, the FAT participants may have had more 

opportunities to engage in similar retrieval operations as used in the final assessment 

(TAP) or generate semantic mediators during the initial test than the DAT participants 

(Carpenter, 2011; Roediger & Karpicke, 2006). The DAT participants were able to 

allocate enough cognitive resources to perform as well as the FAT participants on the 

initial test. However, the DAT participants may not have been able to allocate additional 

cognitive resources to gain familiarity with the assessment measure or generate semantic 

mediators. Our study does not attempt to examine in what ways or to what extent 

dividing attention interfered with the TAP framework or the mediator effectiveness 

hypothesis. 

 With regard to the fourth hypothesis, our results revealed that participants in the 

DAT condition did not perform significantly better than participants in the SS and DS 

conditions. Contrary to our hypothesis, dividing attention effectively eliminated the 

testing effect, making the DAT condition equivalent to the SS and DS conditions. 

Although the DAT condition outperformed the SS condition after the square root 

transformation of the data, we decided to accept the statistical finding before the 

transformation. We decided to reject the significant difference between the DAT and SS 

conditions that was shown after the transformation because this significant difference was 

most likely a product of shrinking standard deviation values. 
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 The current study builds upon research by Dudukovic et al. (2009) by 

demonstrating that, like recollection-based recognition, recall can also be impaired by 

dividing attention during the initial assessment phase of the testing effect. The current 

study provides further evidence that auditory word-based DA tasks during the initial 

assessment phase can impact memory performance on the final assessment.     

 Although the results of the current study reveal that the testing effect can be 

manipulated by DA tasks, several improvements could be made to the experimental 

design. First, including high school students as participants would increase the external 

validity of the study. Exams are especially prevalent in high school, and it would be 

interesting to explore the testing effect differences between high school and college 

students. Second, to increase the practical applications of the study, future experiments 

could use an actual conversation as the DA task and have participants either try to ignore 

or retrieve information from the conversation at the same time they are tested. The use of 

conversations would simulate actual study environments where side conversations are 

common. Third, to further our knowledge of the role of attention in the testing effect, a 

subsequent experimental condition could be added to explore the effects of dividing 

attention during the initial encoding phase (studying). This addition of an experimental 

condition would allow researchers to better comprehend the encoding and retrieval 

components of the testing effect. 

 The current study provides evidence for the benefits of testing after studying to 

improve long-term recall. In an academic environment, educators should implement 

several tests rather than a few major exams to increase students’ ability to learn and retain 

information effectively. Educators should also encourage students to include testing 
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exercises in their own studying. Ideally, these testing exercises would take place in non-

distracting environments where all memory resources could be allocated to studying, 

because we have found that distraction robs students entirely of the memorial benefits of 

testing. The current study also demonstrates that repeated studying of material does not 

effectively improve long-term retention, emphasizing, again, the efficacy of testing. 
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Table 1 

Correctly Recalled Word Pairs for the Final Assessment 

 

 M SD Skew 

SS 1.83 1.82 1.00 

DS 2.89 2.37 1.60 

FAT 5.95 3.32 2.37 

DAT 3.05 1.43 .28 
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Table 2 

Correctly Recalled Word Pairs for the Final Assessment – Transformed Scores (Square 

Root) 

 

 M SD Skew 

SS 1.10 .82 -.13 

DS 1.53 .77 -.28 

FAT 2.37 .58 1.74 

DAT 1.70 .43 -.20 
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Appendix A 
 

English/Swahili Word Pairs Used in the Present Study 
 
Corpse Maiti 
Mattress Godoro 
Curtain Pazia 
Broom Fagio 
Enemy Adui 
Monkey Tumbili 
Queen Malkia 
Barrel Pipa 
Doctor Tabibu 
Knee Goti 
Lake Ziwa 
Sleep Usingizi 
Carpet Zulia 
Treasure Dafina 
Garden Bustani 
Silk Hariri 
Ornament Rembo 
Steam Vuke 
Honor Adhama 
Rumor Fununu 
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Appendix B 
 

Audio Recording Used as DA Task for the DAT Condition 
 

 A sandwich is made up of one or more slices of bread with nutritious filling 
between them. Any kind of bread, cream or loaf bread, rolls and buns will make a good 
sandwich. The filling may be slices of cold meat, chopped meat, eggs, chicken, ham and 
cheese with creamed butter, pickles, tomato catsup or mayonnaise. 
  Cream bread, which has been sliced cross-wise, is the most versatile type of bread 
used for sandwiches. It is suited to many different kinds of sandwich fillings. Cream 
bread is also available in different colors and can be so designed to form attractive 
geometric figures and shapes. 
 Sandwiches may be served in different styles. They may be served open and cut 
into different shapes. To keep the sandwich in better condition it may be wrapped in 
paper napkins or placed in sandwich bags especially if they are to be packed snacks. 
Sandwiches which are to be served immediately may be simply arranged on a serving 
plate. The rest of the sandwiches may be placed in a covered tray lined with a damp 
towel. Keep them there until serving time to avoid drying. 
 Open sandwiches make use of only one kind of bread with the filling on top. The 
slices of white bread can be cut into squares, triangles or rounds. Butter is spread lightly 
on top and pieces of cheese or meat fillings are placed on top. They may be garnished 
with slices of carrots, raisins, pickles and the like to make them more attractive. Open 
sandwiches are similar to canapes. They make use of biscuits, cookies or toasts instead of 
using breads. 
 A plain sandwich is made up of two slices of bread, preferably a day-old bread, 
toasted if desired, and on which butter can be readily spread. Its crusts may or may not be 
removed, depending upon your preference. Butter, mayonnaise or a prepared sandwich 
spread may be used as lining to prevent the bread from absorbing moisture from the 
filling. Besides preventing the bread from becoming soggy, the spread also adds flavor 
and nutrients. Moreover, it ensures that the bread and the filling will stick together. 
 Pinwheels are made of cream bread cut lengthwise, about 3/8 inch thick. Fresh 
cream bread is preferable because they are easy to roll and will not crack. Trim crusts and 
flatten long slices with rolling pin. Spread bread with softened butter or margarine and 
your choice of any smooth filling, like creamed cheese, marmalades, cheese pimiento, 
peanut butter, jams and jellies. Smooth filling are ideal for pinwheel sandwiches, because 
they do not have bulk and can be spread thinly. Place sweet pickles or several stuffed 
olives at the end of slice. Roll up bread like a jelly roll. Wrap each rolled sandwich 
individually and chill for several hours or until they are firm. When ready to serve, 
unwrap the rolled sandwiches and cut into 1/2 inch slices. Use a sharp knife or a bread 
knife so the sandwiches are cut clear and neat. Arrange and serve them on a platter. 
Garnish if needed. 
 Closed tea sandwiches may be made ahead of time and frozen. They should be 
removed from the freezer at least three hours before they are to be served. Remove the 
crusts of a day-old bread. With cookie cutters of various shapes and sizes, cut as many 
pieces as possible from one slice. Squares, rectangles and oblongs add to the variety. 
Save the scraps and crusts for crumbs. For each sandwich, spread butter on one piece of 
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bread and filling on the other. Top the filled side with the buttered side. Place in waxed 
paper or in a clean damp towel and place in an airtight container to freeze. 
 Colored cream bread is suitable for ribbon sandwiches. Alternate 3 slices each of 
pink and green bread with one or more fillings spread between slices. Press together stack 
of slices and then trim crusts. Wrap and chill for several hours. When ready to serve, cut 
into 1/2 inch slices. 
 An alternate color of slices of bread is preferable for this type of sandwich. The 
initial step is similar to that of the ribbon sandwiches,' Press together stack of slices and 
then trim crusts. Wrap and chill for several hours. Cut about 1/2 inch wide. Spread cut 
sides of ribbons with fillings. Stack 3 ribbon sandwiches so that green and pink sections 
alternate. Wrap and chill for several hours. Slice about 1/2 inch thick into checkerboard 
sandwiches immediately after removing from refrigerator. These are sometimes called 
checkerboard sandwiches because of the alternate squares of green and pink bread. 
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Appendix C 
 

Informed Consent Form 
 

1. The procedures of this research have been fully described to me. In general, the 
research is concerned with the studying methods and the results from studying. 
The tasks I will be invited to engage in may involve processing words and/or 
recalling and matching word pairs. I understand that this research is a senior thesis 
project that is conducted by Gene Kim and Ryan Lutz, Principal Investigators, 
and supervised by Matthew Prull. I understand that participation in this research 
means that I will be asked to assist in a couple experimental sessions each lasting 
about 10 minutes, but that I am in no way committed to do so. 
 

2. There are no foreseeable physical and psychological risks associated with my 
participation beyond those risks that are encountered in everyday life. 
 

3. The research entails no immediate benefits of a psychological or medical nature. 
The research is not designed to provide diagnostic information about the cognitive 
status or health status of individuals. 
 

4. There are no appropriate alternative procedures or courses of treatment that may 
be advantageous. 
 

5. Records identifying my data will be treated as confidential. The names of research 
participants are not disclosed to other persons outside of this research project. 
Any data from this research that are published in scientific journals will not reveal 
the identity of the participants. Only the Principal Investigators and supervisor of 
the project will have access to an individual’s data. 
 

6. I may obtain further information about the research and about research 
participants’ rights from Gene Kim or Ryan Lutz, Department of Psychology, 
Whitman College, Walla Walla, WA 99362, (360) 485-3307 or (310) 913-1483, 
or from Gilbert Mireles, chair of the Institutional Review Board (IRB) at 
Whitman College, (509) 527-5259. Any research-related injury will be reported to 
Gene Kim and/or Ryan Lutz, who will inform Matthew Prull, the supervisor. 
 

7. I understand that my participation in this research is voluntary and that refusal to 
participate will involve no penalty or loss of benefits to which I am otherwise 
entitled. I understand that I may discontinue participation at any time during the 
experimental session, and by doing so I will incur no penalty or loss of benefits to 
which I am otherwise entitled. 
 

8. The extra copy of the consent form is for you to keep. 
 
________________________________ _____/_____/_____ 
Signature Date 
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Appendix D 
 

Recall Assessment (Quiz) 
 

Instructions: You will be presented with a Swahili word, and you will have 8 seconds to 
recall the correct English translation of the word. The program will automatically 
advance to the next word, regardless of whether you have entered a response. Try to 
recall and write down as many words as possible in the space provided. In addition to the 
recalling task, you will be hearing a recording regarding different types of sandwiches. 
Try to ignore the recording and focus solely on the recalling task. 
 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
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Appendix E 
 

Recall Assessment with Auditory Distraction (Quiz) 
 

Instructions: You will be presented with a Swahili word, and you will have 8 seconds to 
recall the correct English translation of the word. The program will automatically 
advance to the next word, regardless of whether you have entered a response. Try to 
recall and write down as many words as possible in the space provided. In addition to the 
recalling task, you will be hearing a recording regarding different types of sandwiches. 
Every time the word ‘bread’ or ‘breads’ is used in the recording, make a tally mark in the 
box provided. Both tasks are of equal importance. 
 
Bread Tally Marks:  
 
 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

 



Running head: TESTING EFFECT AND ATTENTION 
 

39 

Appendix F 
 

Final Recall Assessment 
 
Instructions: You will be presented with a Swahili word, and you will have 15 seconds 
to recall the correct English translation of the word. The program will automatically 
advance to the next word, regardless of whether you have entered a response. Try to 
recall and write down as many words as possible in the space provided. 
 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
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Appendix G 
 

Demographic Form 
 

Birth date (month/day/year) ____/____/____ 

Age: _________ 

Sex: _________ 

 

Are you a native speaker of English? Check one: Yes ____ No ____ 

 

If you are NOT a native English speaker, please indicate the age at which you first 

acquired English: _____ 

 

Ethnic background: (Check all that apply. If your ethnic background is mixed, indicate 

percentages or fractions). 

_____ African American 

_____ Asian 

_____ Chinese 

_____ Filipino 

_____ Indian 

_____ Japanese 

_____ Korean 

_____ Southeast Asian (e.g. Vietnam, Cambodia, Laos) 

_____ Other Asian (specify): __________ 

_____ Caucasian 

_____ Latino/Hispanic: 

_____ Mexican 

_____ Other (specify): __________ 

_____ Native American 

_____ Other (specify): __________ 

Total number of years of education (kindergarten to present): __________ 

Current institution (e.g. Whitman College, Walla Walla University): __________ 


