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Abstract 

This paper examines interventions to increase the use of testing as a study strategy.  Previous 

research has examined the testing effect, which is the notion that actively recalling material 

through testing leads to improved recall of the material later (Karpicke and Roediger, 2007).  

The increased effectiveness should lead to increased use, but this may not always be the case.  

Using theory of intelligence and memory controllability research, we designed two interventions 

to promote the use of testing rather than restudying.  A third intervention that explicitly described 

the benefits of testing was also implemented.  Participants learned Swahili-English word pairs 

and were given the option to restudy or be tested on the material.  None of the interventions 

successfully increased the proportion of words participants chose to be tested on rather than to 

restudy, revealing the stubbornness of students’ study strategy choices.    

 Keywords: theory of intelligence, memory controllability, testing effect  
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Students’ Stubbornness to Change Study Choices 

Different study strategies have been shown to have different effectiveness (Karpicke & 

Roediger, 2007).  For example, “testing” or actively recalling material promotes greater later 

recall than “restudying” or just being re-exposed to the material (2007).  This is known as the 

testing effect, and the uniquely robust benefits have been shown inside and outside of the 

laboratory (McDaniel, Anderson, Derbish, & Morrisette, 2007). Although the effectiveness has 

been demonstrated, it may not be a widely adopted strategy.  People may not use testing as a 

strategy enough or efficiently, and therefore do not reap the benefits.   

There are several potential explanations for the underuse of testing as a study strategy. 

First, it may be due to a perceived increase in mental effort that recall during testing requires 

compared to rereading or re-exposing.  This additional effort may differentially dissuade students 

looking to avoid extra effort from using this technique.  

Using testing as a study strategy can be frustrating. Not only does it require more effort, 

but it can also feel less effective, since it reveals exactly what you do not know. Although 

incorrect answers actually lead to greater retention, the feeling of being “wrong” may dissuade 

students from using the strategy. A study strategy like rereading does not reveal gaps in 

knowledge and students may mistake familiarity with the material as knowing it. Testing also 

leads to a more dynamic understanding of the material that allows students to access the 

information in different ways (Roediger & Butler, 2011). Most assessments that students take 

require a deeper understanding of the material than the recognition that comes from reading 

material, so testing is an important study strategy.  
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Beyond the additional effort and potential for feeling “wrong,” an additional explanation 

for students not using testing is that they do not know about its benefits.  Perhaps testing is 

mostly seen as an assessment tool and not a study strategy, or, even if someone sees it as a study 

strategy, they do not know it is more effective than rereading (Roediger & Karpicke, 2006; 

Tullis, Finley, & Benjamin, 2016).  If the benefits are unknown, it is unlikely to be used.  

There are several potential reasons people do not fully use testing as a study strategy. Our 

aim in the following three studies is to examine whether manipulating theories of intelligence, 

manipulating the views of memory controllability, and emphasizing the effectiveness of testing 

will impact study strategies, specifically the use of testing versus restudying. Possible 

implications include a better understanding of how to promote success in students not using 

effective study strategies. 

Experiment 1 

Introduction 

Students interpret effort in learning differently.  The Theory of Intelligence (TOI) 

categorizes people as either believing that effort can increase intelligence or that effort has no 

impact on intelligence (Dweck, 2000).  Those who believe intelligence is malleable are called 

incrementalists, while those who believe intelligence is fixed are called entitists. Much like the 

study strategies used, the mindset of a student may have important implications for their success 

(Claro, Paunesku, & Dweck, 2016).  For example, holding the view that intelligence is malleable 

and that effort leads to learning may act as a shield against the harmful effects of poverty on 

young students (Claro et al., 2016).   Miele and Molden (2010) found that a person’s TOI could 

be manipulated and that this manipulation led to different perceptions of comprehension or 
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understanding.  In one experiment, the researchers manipulated participants’ TOIs and then 

presented them with texts in either coherent or incoherent sentence order.  Although both groups 

demonstrated equal levels of comprehension, incrementalists reported higher levels, whereas 

entitists reported lower.  This may be due to incrementalists perceiving the extra effort of 

unjumbling the sentence order as increased learning and comprehension.  

 In a similar set of experiments, Miele, Finn, and Molden (2011) presented participants 

with a foreign and English word pair that was either easy to remember (high fluency) or difficult 

to remember (low fluency).  Participants rated their judgment of learning (JOL) for each item, 

completed the TOI scale, and then completed a recall test.  Although final performance on the 

recall task was not different between the groups, the groups differed in their estimations of 

learning for pairs that required more or less effort. These results indicate that the two groups 

have differing beliefs in how effort influences learning.  This might lead them to choose study 

strategies based on the effort involved. Additional research by Peng and Tullis (2018) found that 

manipulating participants’ TOI to believe intelligence is malleable changed participants’ study 

choices.  Specifically, participants with malleable views were more likely to re-study items they 

felt they had not learned very well and scored higher on the final recall test. This reveals that 

TOI interventions can impact study choices. Testing is a more effortful strategy than rereading so 

different views of effort may lead to different study strategy choices. The first study will 

examine how manipulating a participant’s TOI impacts whether participants choose to restudy 

word pairs or choose to be tested on them.  
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Method 

Participants. 

Participants were recruited from the Psychology online subject pool of college students 

enrolled in an introductory psychology course at a public university.  A total of sixty-one 

participants were recruited.  Participants received course credit for their participation.  

Instruments/Materials. 

 One of two articles was presented to students to manipulate their theory of intelligence; 

one focused on the changeable nature of intelligence while the other focused on the 

unchangeable nature (see Appendices A and B).  A selection of medium difficulty Swahili-

English word pairs developed by Nelson and Dunlosky (1994) were given to participants to 

study and be tested on (see Appendix C).  Accompanying each word pair was a JOL scale of one 

through four; “one” meaning “Definitely Will Not Remember” and “four” meaning “Definitely 

Will Remember.”  To measure participants’ theory of intelligence (TOI), Dweck’s (2000) 

standardized theory of intelligence scale was administered (see Appendix D).  Additionally, 

items from Lachman, Bandura, Weaver, and Elliott’s (2007) standardized memory controllability 

scale were administered to serve as a manipulation check of participants’ views of memory 

controllability (see Appendix E).  

Procedure. 

 When participants arrived at the lab, they were given a consent form to read and sign if 

they choose to participate.  They were then placed at a computer and told that the instructions are 

on the screen.  On the computer, participants were randomly assigned to either an incremental 

intelligence group or an entitist intelligence group.  They read one of two theory of intelligence 
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articles (see Appendices A and B) and were asked to answer questions about the articles to 

ensure comprehension.  Participants were then shown forty Swahili-English word pairs one at a 

time in black 40 pt font on a white screen (see Appendix C). They rated their JOL and decided 

whether to be tested or to restudy each item.  The items were presented again either to restudy or 

be tested on, depending on the participant’s choice.  If they chose to be tested on the items, they 

were given feedback on their response and the correct answer if they were wrong.  If they chose 

to re-study the items, they were presented with the word pairs again and were able to move 

through them at their own pace.  Items from the TOI scale mixed with the items from the 

Memory Controllability Scale were presented with Likert scale response options (see Appendix 

E).  Following the scales, the final recall test of the word pairs was administered.  The Swahili 

word was presented, and participants were instructed to type the English equivalent.  Following 

the recall test, participants were read and given a debriefing sheet and were offered a copy of the 

consent form.  

Results 

First, we examined survey scores to check if the TOI manipulated affected participants’ 

self-reported beliefs, which are displayed in Figure 1.  The fixed intelligence group reported 

stronger agreement with fixed views (M = 3.56, SD = .86) than the fixed intelligence group (M = 

2.96, SD = .84; t(57) = 2.65, p = .01, d = .71).  Similarly, we examined whether the TOI 

intervention affected participants' beliefs about memory controllability.  Memory controllability 

beliefs did not differ between the malleable intelligence group (M = 4.51, SD = .71) and the 

fixed intelligence group (M = 4.64 , SD = .67; t(57) = .72, p = .47, d = .19).    
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Figure 1.  The average scores on the Theories of Intelligence Scale and the Memory 

Controllability Inventory as a function of condition.  Higher scores indicate greater endorsement 

of fixed views of intelligence and memory.  Error bars indicate one standard error of the mean 

above and below the sample mean. 

 

Next, we examined whether TOI condition affected the number of items participants 

choose to test.  As shown in Figure 2, the proportion of items chosen for testing did not 

significantly differ between the malleable group (M = 0.57, SD =.29) and fixed group (M = 0.61, 

SD =.31 ; t(57) = 0.55, p = 0.58, d = 0.13).    
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Figure 2.  The average proportion of items participants chose to be tested on, rather than 

restudy.  Higher scores indicate more items that were tested.  Error bars indicate one standard 

error of the mean above and below the sample mean. 

 

We then examined whether TOI condition impacted which items participants chose to 

test.  To do so, we calculated the gamma correlation between a participant’s JOL for an item and 

their choice to be tested on the item.  Negative gamma correlations indicate that learners choose 

to test on well-learned items and restudy poorly-learned items (while positive correlations 

indicate the opposite pattern).  The gamma correlation between JOL and choice did not differ 

between the malleable intelligence group (M = -.76, SD = .52) and the fixed intelligence group 

(M= -.83, SD= .25; (t(43) = 0.55, p = 0.58, d = 0.17).     
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Figure 3.  The average proportion of items participants chose to be tested on across JOL 

scores.  Higher JOL scores indicate items participants felt they had learned well.  Error bars 

indicate one standard error of the mean above and below the sample mean. 

 

Finally, we examined whether final test performance varied between the groups.  The 

fixed intelligence group did not show significantly different recall (M = .36, SD = .16) than the 

malleable intelligence group (M = .31, SD = .13; t(57) = 1.34, p = 0.19, d = 0.34). 

Discussion 

 Experiment 1 successfully changed participants’ TOIs.  Although the first intervention 

changed people’s beliefs about the nature of intelligence, it did not change their testing choices.  

This reveals that TOI is likely not the main driving force behind the study strategies that students 

use.  These findings also indicate that interventions based on TOI changes may not be successful 

in encouraging the use of testing as a strategy.   
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Although previous research has demonstrated that TOI impacts the interpretation of 

effort, these interpretations did not translate into choices about whether or not to use testing, 

which is a more effortful study strategy (Miele & Molden, 2010).  The lack of effect on testing 

choices reveals that the amount of effort involved may not be the reason students choose a study 

strategy.  If this had been the case, we would expect participants in the malleable intelligence 

group to use testing significantly more since they would see the more effortful strategy as a 

better method to learn the material.  Additionally, there were not significant differences between 

the groups for testing choices across JOLs.  While TOI can influence JOL, differences in beliefs 

about learning did not lead to different study strategy choices between the groups.  

In addition to TOI, we also measured memory controllability beliefs through the memory 

controllability inventory (MCI).  The altered TOI did not lead to a change in MCI. Although we 

did not aim to directly influence MCI, we expected that the two concepts would be related since 

they both address the fixed or malleable nature of intellect-related concepts.  Because there was 

not a significant difference between the groups’ ratings on the MCI, which indicates that people 

potentially view the nature of memory differently than intelligence.  

Memory is required in the Swahili-English word pair task and plays a key role in testing 

or restudying, so we designed the intervention in Experiment 2 to more specifically target beliefs 

about memory and therefore the study strategies we aimed to change.  
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Experiment 2 

Introduction 

 The TOI scale refers to intelligence in a broad sense, but research is now exploring how 

beliefs about more specific aspects of intelligence impact achievement across the lifespan 

(Lachman, Bandura, Weaver, & Elliott, 2007).  It is possible that people differ in their beliefs 

about different domains, and this variability may impact different areas of achievement.  One 

domain in particular is memory.  Memory is required to learn concepts such as novel words and 

is the skill hopefully strengthened by restudying and retesting.   

Restudying and retesting both rely on and relate to memory, so manipulating someone’s 

beliefs about memory controllability may directly impact their study choices.  Much like 

intelligence, memory can be viewed as fixed or malleable.  In the same way the TOI scale 

identifies these different beliefs, the memory controllability inventory (MCI) can identify those 

who view memory as fixed or malleable.   

Study 2 will compare views of memory controllability and the number of items 

participants choose to restudy or be tested on.  We hypothesize that participants holding a fixed 

view of memory will be more likely to choose restudying because they will not see the benefit of 

the extra effort in being tested.  On the other hand, participants who hold a malleable nature of 

memory will be more likely to choose testing because they will be more interested in an effortful 

strategy due to linking effort and learning.  The second study will examine whether manipulating 

views of memory controllability will impact study strategies.  
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Method 

Participants. 

Participants were recruited in the same manner as Experiment 1.  Sixty-five participants 

completed and earned partial course credit for participating.   

Instruments. 

 One of two articles modified from Bergen (1992) was presented to students to manipulate 

their views on memory controllability; one focused on the changeable nature of memory through 

the use of effortful strategies while the other focused on the fixed, unchangeable nature of 

memory (see Appendices E and F).  The modifications included changing the word 

“intelligence” to “memory” throughout.  Additionally, the modified articles discussed 

competitors in the World Memory Championship, rather than a child with advanced learning 

abilities.  The malleable memory article discussed the importance of competitors’ learning and 

using good memory strategies; while the fixed memory article stressed the natural abilities of the 

competitors.  The remaining instruments including the word-pairs, JOL scale, and TOI/MCI 

scales remained the same as Experiment 1.  

Procedure. 

 The procedures for Experiment 2 were the same as Experiment 1, with the exception of 

which articles participants read.  The articles in Experiment 2 discussed memory controllability 

(see Appendices E and F).  
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Results 

First, we examined survey scores to check if the MCI manipulation affected participants’ 

self-reported beliefs about memory controllability.  The malleable memory group did not report 

stronger agreement with malleable views of memory (M = 4.24, SD = .89) than the fixed memory 

group (M = 4.31, SD = .96; t(63) = 1.25, p = .22, d = -.08).  Similarly, we examined whether the 

MCI intervention affected participants' beliefs about theory of intelligence.  Theory of 

intelligence beliefs did not differ between the malleable memory group (M = 4.27, SD = .53) and 

the fixed memory group (M = 3.98, SD = .61; t(df) = .49, p = .62, d = .51).    

Figure 4.  The average scores on the Theories of Intelligence Scale and the Memory 

Controllability Inventory as a function of condition.  Higher scores indicate greater endorsement 

of fixed views of intelligence and memory.  Error bars indicate one standard error of the mean 

above and below the sample mean. 
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Next, we examined whether the MCI condition affected the number of items participants 

choose to test.  The proportion of items chosen for testing did not significantly differ between the 

malleable memory group (M = 0.53, SD = .33) and fixed memory group (M = 0.63, SD = .26; 

t(63) = 1.45, p = 0.15, d = 0.37).   

Figure 5.  The average proportion of items participants chose to be tested on, rather than 

restudy.  Higher scores indicate more items that were tested.  Error bars indicate one standard 

error of the mean above and below the sample mean. 

 

We then examined whether TOI condition impacted which items participants chose to 

test.  To do so, we calculated the gamma correlation between a participant’s JOL for an item and 

their choice to be tested on the item.  Negative gamma correlations indicate that learners choose 

to test on well-learned items and restudy poorly-learned items (while positive correlations 
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between the malleable memory group (M = -.91, SD = .18) and the fixed memory group (M = -

.78 , SD = .45; t(48) = 1.40, p = .17, d = -.38).    

Figure 6.  The average proportion of items participants chose to be tested on across JOL 

scores.  Higher JOL scores indicate items participants felt they had learned well. Error bars 

indicate one standard error of the mean above and below the sample mean. 

 

Finally, we examined whether final test performance varied between the groups.  The 

fixed memory group did not show significantly different recall (M = .37, SD = .20) than the 

malleable memory group (M = .34 , SD = .19; t(63) = .62, p = .56 , d = .157).  

Discussion 

Experiment 2 did not successfully alter participants’ beliefs about the controllability of 

memory.  Additionally, there were no significant differences in TOI between the groups. 

Furthermore, the intervention did not lead to a difference in the testing choices across JOL. 
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Although the articles used were altered from articles that did lead to a difference in TOI, the 

articles aimed at influencing beliefs about memory controllability were ineffective at altering 

TOI or MCI beliefs.  The modifications potentially did not present a compelling case for the 

fixed or malleable nature of memory.  Including additional pieces of evidence for either side may 

have been more effective.  Potentially an intervention that successfully altered MCI beliefs 

would also be effective at altering testing choices.  

Neither the Theory of Intelligence or the Memory Controllability manipulations were 

effective at changing testing choices, so we decided to target beliefs about testing more 

specifically.  

Experiment 3 

Introduction 

 The TOI and MCI interventions were unsuccessful at changing participants’ study 

strategy choices.  One of the hypothesis we had about why testing is not fully utilized as a study 

strategy is that people do not know it is a beneficial study strategy.  To address this possibility, 

we designed an intervention that explicitly told people about the benefit of testing.  The other 

intervention was the same malleable intelligence intervention used in Experiment 1.  Like the 

testing intervention, we believed the malleable intelligence intervention may lead to increased 

use of testing, so this comparison would allow us to see which intervention more effectively 

promotes the use of testing.  Experiment 3 examined whether teaching participants about the 

testing effect and describing the benefits would impact the use of testing as a study strategy.  
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Method 

Participants. 

Forty-two participants were recruited from the Psychology subject pool and the 

Educational Psychology department online subject pool.  Participants from both pools received 

class credit for participating.  We did not expect there to be any differences between the two 

groups.  

Instruments. 

 Participants were presented with one of two articles; one is the same the article from 

Experiment 1 explaining the changeable nature of intelligence and the other explains the 

effectiveness of using testing as a study strategy (see Appendices B and H).  The remaining 

instruments including the word-pairs, JOL scale, and TOI/MCI scales remained the same as 

Experiment 1 and 2.  

Procedure. 

 The procedure for Experiment 3 was the same as Experiment 1 and 2, with the exception 

of which articles participants read.  Participants began by reading either the paper about the 

changeable nature of intelligence or explaining testing effect (see Appendices B and H).  

Results 

First, we examined survey scores to check if the testing manipulation affected 

participants’ self-reported beliefs.  Theory of intelligence beliefs did not differ between the 

malleable intelligence group (M = 4.69, SD =.74 ) and the testing group (M = 4.71 , SD = .92 ; 

t(40) = .07, p = .95, d = .02).   Similarly, we examined whether the testing intervention affected 
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participants' beliefs about memory controllability.  Memory controllability beliefs did not differ 

between the malleable intelligence group (M = 3.96, SD = .53) and the testing group (M = 4.18, 

SD = .64; t(40) = 1.18, p = .25, d = -.37 ).    

Figure 7.  The average scores on the Theories of Intelligence Scale and the Memory 

Controllability Inventory as a function of condition.  Higher scores indicate greater endorsement 

of fixed views of intelligence and memory.  Error bars indicate one standard error of the mean 

above and below the sample mean. 

 

Next, we examined whether TOI condition affected the number of items participants 

choose to test.  The proportion of items chosen for testing did not significantly differ between the 
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Figure 8.  The average proportion of items participants chose to be tested on, rather than 

restudy.  Higher scores indicate more items that were tested.  Error bars indicate one standard 

error of the mean above and below the sample mean. 

 

We then examined whether TOI condition impacted which items participants chose to 

test.  To do so, we calculated the gamma correlation between a participant’s JOL for an item and 

their choice to be tested on the item.  Negative gamma correlations indicate that learners choose 

to test on well-learned items and restudy poorly-learned items (while positive correlations 

indicate the opposite pattern).  The gamma correlation between JOL and choice did not differ 

between the malleable intelligence group (M = -.96, SD = .07) and the testing group (M = -.85, 

SD = .21 ; t(29) = 1.99 , p = .06 , d =-.70 ).    
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Figure 9.  The average proportion of items participants chose to be tested on across JOL 

scores.  Higher JOL scores indicate items participants felt they had learned well.  Error bars 

indicate one standard error of the mean above and below the sample mean. 

 

Finally, we examined whether final test performance varied between the groups.  The 

malleable intelligence group did not show significantly different recall (M = .43, SD = .20) than 

the testing group (M = .42, SD = .19; t(40) = .21, p = .83, d = .05).  

Discussion 

In Experiment 3, there were no significant differences in TOI or MCI scores for the two 

groups.  The proportion of items participants chose to be tested on was also not significantly 

different.  Furthermore, the testing group intervention did not lead to a difference in the testing 

choices across JOL.  Much like Experiment 2, the testing group article was created for this 

experiment and has not been used previously.  Potentially a different article or intervention 

explaining the testing effect might lead people to use testing as a study strategy more.  The 
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method used in Experiment 3 though would not be an effective intervention to increase the use of 

testing.  

General Discussion 

 The three interventions were unsuccessful in altering the proportion of items people 

chose to be tested on.  Despite the first experiment manipulating TOI, the proportion of items 

participants chose to restudy versus be tested on was not impacted.  These results show the 

stubbornness of testing choices and perhaps indicate that study strategy choices have multi-

faceted influences that are possibly set early and resistant to short-term change.  Prior usage and 

habits or what has been modeled for the learner may have been influencing the learner since very 

early in life and undoing these influences may take more than an article.  An activity such as 

studying that most of our student participants likely do frequently may be especially resistant to 

short-term changes.  One additional area that could be examined as an influence of testing 

choices is views of self-efficacy.  This is similar to TOI because it influences how people 

approach challenges.  

 Although the interventions were unsuccessful, we did replicate previous findings that 

participants test items they feel they have learned well and restudy those that they feel they’ve 

learned poorly.  This may be counterproductive since testing promotes greater recall. Perhaps 

testing as a study strategy is uniquely resistant to change due to its intuitive use as assessment 

rather than a study strategy.  The frequent use of testing in stressful situations may lead to 

negative connotations that prompt resistance to use it.  

Further research should identify why people choose the study strategies they do and what 

interventions might successfully change their study strategy choices. 
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Appendix C 

Table A1 

Swahili-English Word Pairs from Nelson and Dunlosky (1994) 

 

Indonesian English 

Telur Egg 

Baru New 

Jelek Bad 

Basah Wet 

Bagasi Luggage 

Baik Good 

Kebudayaan Culture 

Handuk Towel 

Obat Medicine 

Tas Bag 

Debu Dust 

Dimana Where 

Mungil Cute 

Rendah Short 

Panas Hot 

Dompet Wallet 

Restoran Restaurant 

Sekolah School 

Besar Big 

Susu Milk 

 

 

Indonesian English 

Coro Cockroach 

Ini This 

Bau Stink 

Sakit Sick 

Satu One 

Kiri Left 

Bukit Hill 

Seni Art 

Pesta Party 

Sapi Cow 

Turis Tourist 

Buka Open 

Botol Bottle 

Ban Tire 

Kue Pastry 

Babi Pig 

Roti Bread 

Bistik Steak 

Cinta Love 

Asli  Authentic 
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Appendix D 

Table A2 

Theory of Intelligence Scale from Dweck (2000) 

Your intelligence is something about you that you cannot change very much. 

No matter who you are, you can significantly change your intelligence level. 

To be honest, you cannot really change how intelligent you are. 

You can learn new things, but you cannot really change your basic intelligence. 

You have a certain amount of intelligence, and you cannot really do much to 

change it. 

No matter how much intelligence you have you can always change it quite a bit. 

You can change even your basic intelligence level considerably. 

You can always substantially change how intelligent you are. 
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Appendix E 

Table A3 

Memory Controllability Inventory Scale from Lachman, Bandura, Weaver, and Elliott (2007) 

I can remember the things I need to. 

I am not good at remembering things. 

I cannot remember things, even if I want to. 

If I really want to remember something, I can. 

I cannot seem to figure out what to do to help me remember things. 

I can find ways to improve my memory. 

I can think of strategies to help me keep up my memory. 

If I work at it, I can improve my memory. 

If I use my memory a lot, it will stay in shape, just like my muscles do if I 

exercise. 

If I use my memory often, I will not lose it. 
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TESTING CHOICES                                                                                                                     37 
 

 


