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ABSTRACT 
Our lives become longer with new advancements in        
medicine and technology. As a result, cognition and        
memory impairments will become a growing concern       
[23]. To be able to treat cognitive decline, dementia         
and related diseases, the need for early detection of         
memory deficiencies increases. This study aimed to       
validate the use of a new digital interaction version of          
a common memory test, the Rey Auditory Verbal        
Learning Test (RAVLT), compared with norm from       
the traditional human-to-human interaction version of      
the same test. This was performed through user        
studies with both test versions in a counterbalanced        
order. The results consisted of quantitative results       
from the tests together with qualitative data from        
interviews with the participants in connection to each        
test occasion. The results showed a slight difference        
in some aspects of the quantitative test results, but at          
the same time, no significant difference for most of         
the measured results. Further, the interviews      
demonstrated that the differences in interaction and       
experience between the versions of the tests could be         
the reason for some of the differences in the         
quantitative result. The conclusion from this study       
was that there are many difficult problems to solve         
for speech interfaces in neurocognitive tests like the        
RAVLT. In line with previous research [22], the        
results highlight the importance of a natural speech        
interaction that conforms with the basic principles of        
human conversation, to create a stress-free      
experience and test results that can be reliable and         
comparable. 
 
Keywords 
Digitalization, neurocognitive test, Rey Auditory     
Verbal Learning Test (RAVLT), mild cognitive      
impairment (MCI), validation study, usability, speech      
interface, human-computer interaction (HCI). 
 
 
 

1. INTRODUCTION 
As human lives become longer, the risk of memory         
and cognitive impairments and diseases increase [23].       
Comprehensive data suggests that if age related       
diseases, like dementia, are detected in its early        
stages, the progression of the disease can to some         
extent be slowed down with cognitive and       
pharmacological interventions [9]. To discover if a       
patient with cognitive impairments is in the early or         
progressed stages of dementia, neuropsychology     
specialists perform neurocognitive tests and analyze      
the results. 
 
Neurocognitive tests, in which memory, reaction,      
spatial and cognitive abilities are evaluated, are today        
generally conducted on paper by a human       
neuropsychologist on a specialist level, ensuring that       
the interpretation of the result and potential diagnosis        
is accurately performed [12]. The patient’s cognitive       
abilities are screened with a set of tests to investigate          
the brain’s function and dysfunction levels to identify        
subjects that could benefit from treatment care or        
intervention towards potential early cognitive decline      
or memory loss. The results are analyzed and proper         
action is taken. One widely used neurocognitive test        
is the RAVLT [12]. It is used for measuring episodic          
verbal memory [13]. The RAVLT provides scores for        
different processes within the memory domain.  
 
The startup Mindmore AB, based in Stockholm,       
Sweden, has developed a digital version of the        
RAVLT as part of their product Minnemera, a battery         
of neurocognitive screening tests performed on a       
tablet. Having a digital version of a neurocognitive        
test battery makes it more available for patients,        
moving the screening process for cognitive decline       
down to the primary care, leaving the interpretation        
to the specialists but ensuring that the tests are more          
accessible and available for regular screening in risk        
patients. This in turn will enable and promote        
preventive care rather than treatment in patients       
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showing symptoms for cognitive decline. The aim of        
this study was to evaluate the differences in        
conducting the test in a human manner compared to a          
digital manner. A key aspect in evaluating a digital         
tool like the digital version of the RAVLT, is to look           
at how the transition from human-to-human      
interaction to human-to-tablet interaction versions     
affects the participants’ scores. Recognizing the      
RAVLT in its human framework as a measure        
suitable for assessing potential cognitive decline, we       
aimed at acquiring material to be able to discuss if a           
digital version of the test affects its reliability.  
 
2. BACKGROUND AND THEORY 
To be able to establish how a human-to-tablet        
interaction version of the RAVLT compares to the        
human-to-human interaction version of the test, it is        
important to first understand what neurocognitive      
tests are and what they can be used for. Along with           
the background of neurocognitive testing, insights on       
how human-to-human interaction can be transitioned      
to human-computer interaction from a neurocognitive      
assessment perspective specifically will be presented. 
 
2.1 Neurocognitive tests 
Neurocognition is a branch within neuropsychology      
that maps the connection between the brain’s       
function and the individual’s processing of      
information. Neurocognitive domains include, but is      
not limited to, visual and verbal modalities of        
learning and memory, spatial ability and executive       
function [6]. Neurocognitive tests are the tools that        
allow assessment of these cognitive functions,      
targeting the different domains through several test       
batteries. This includes visual and verbal memory       
tests, reaction tests and more.  
 
These tests are very important important tools for        
psychologists in evaluating the brain’s cognitive      
abilities in patients whom they might suspect suffer        
from cognitive impairments. Neurocognitive tests     
are, in short, used to measure cognitive function        
related to the central nervous system [12]. The tests         
aim for detection of early signs of cognitive decline         
or mild cognitive impairment (MCI) [15]. 
 
2.1.1 Mild cognitive impairment 
MCI has been defined as the stage between the         
cognitive decline that is to be expected in normal         
aging and a more serious decline in cases of dementia          
[5, 7]. MCI can also be caused by stress. During          
screening, educational background is taken into      
consideration, since higher educated individuals can      
perform better than those with less education or those         

entirely without [12]. People with MCI show an        
increased risk of progressing to dementia diseases,       
which makes it a helpful marker for detecting the         
early cognitive declining stages.[2, 3, 16]. Detecting       
memory impairments with the help of verbal memory        
tests specifically can be very helpful in early        
diagnosis of dementia [1, 8, 13]. If discovered early,         
interventions for people with MCI can improve brain        
functioning and drastically reduce risk for decreasing       
memory function in elderly people [10]. Interventions       
can include both medication and exercises to       
maintain neurocognitive functions. 
 
2.2 Rey Auditory Verbal Learning Test 
RAVLT is one of several verbal memory tests in         
different neurocognitive test batteries. It is sensitive       
to verbal memory deficits primarily, not only in        
patients and people with mild cognitive impairments,       
but several other diseases attacking the verbal       
memory as well [13]. 
 
 
The test consists of five recall lists and one recall list           
after an interference period [12, 17]. Specifically, list        
of fifteen pre-determined words are read to the        
participants, further referred to as list L, after which         
they are directly asked to repeat as many as they          
remember. The participants are instructed that it does        
not matter in which order they repeat the words, but          
that they are to repeat as many words as possible, and           
to try not to say anything else but the words that they            
are asked to repeat. This is then repeated five times,          
with the same specific fifteen words, followed by the         
participants reciting back the words they remember.       
After each time they receive the same instructions,        
with the addition after the first round, to repeat the          
words they have mentioned in the previous rounds as         
well.  
 
The five first repetitions of the list L become the          
participant’s lists L1 through L5. This is followed by         
a distraction list of fifteen words, further called list D,          
which they also are asked to repeat, into what is          
further referred to as list D1. Following the        
distraction list, the participants are instructed to       
repeat as many words as they remember from the first          
list without hearing the words from it again. The         
words that they repeat become list L6.  
 
2.3 Motivation for digitalization 
The RAVLT can help to identify cognitive decline in         
patients with self-experienced memory loss on a       
subjective level, along with differentiating between      
an early stage of Alzheimer’s disease, a type of         
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dementia, MCI and normal verbal memory decline       
due to aging [13]. This makes it a vital part of           
prioritizing which patients to further investigate.      
With a digital version of the test, it can be made           
available to more people, which in turn could lead to          
preventive treatment rather than screening as part of a         
treatment process on patients already showing      
symptoms. A digital test will still be monitored by         
educated caretakers but made available already in       
primary care, ensuring reliable execution while      
making it more accessible to patients. It requires less         
resources, both financially and time-wise for patients       
and clinics alike. When experiencing subjective      
memory loss, patients can undergo the tests more        
often and earlier, especially elderly people, to keep        
track of what is considered normal with aging and         
separate that from emerging cognitive decline and       
dementia.  
 
From a scientific perspective this version is much        
more reliable, since frequent testing means that a        
patient’s results can be compared to themself and        
their progression, and not just a national average        
baseline. It also provides a consistency that can’t be         
guaranteed in human-to-human interactions. Digital     
neurocognitive tests can motivate primary health care       
referral, since it can help prioritizing resources. Using        
digital tools reduces the waiting time for specialist        
care, prioritizing care for patients whose need might        
be more urgent than the waiting time for specialist         
clinics [18]. 
 
2.3.1 Things to take into consideration 
There are several factors to take into consideration        
when opting for a digitalization of neurocognitive       
assessments. Since the area for neurocognitive tests is        
mostly relevant for an aging population, the question        
on how to handle lack of technical experience is         
raised and a central focus in a lot of previous studies           
on this subject. People with greater exposure to        
computers perform better on digitally based      
assessments or tests than those with less experience,        
suggesting positive effects for those who are familiar        
with technology [14]. The advantage that the RAVLT        
has is that it consists of an auditory and repeating          
pattern that focuses on short term recall, which makes         
the interaction with a tablet for this particular        
neurocognitive test not as different as something that        
requires more physical interaction. 
 
2.3.2 Existing solutions 
Due to the reasons stated above, it’s becoming more         
evident that there’s a need for computerized       
screening in neuropsychology. Since the introduction      

of computers and the possibility for computerized       
tasks in society, there has already been a considerable         
interest for computer assisted or computerized      
neuropsychological test batteries, which has been      
assessed and reviewed with different outcomes [11].       
There has been some skepticism, and the main        
concern for the neuropsychological field is the lack of         
validation and normative data connected to the       
computerized tests [21]. There has also been few        
studies showing how the more adept computer user’s        
experience affects their performance, although the      
present studies do show that it has as much effect on           
performance as the level of education [20]. This is         
something developers of neurocognitive test batteries      
need to take into consideration before launching their        
tests. 
 
2.4 Speech interface interaction 
A key aspect in evaluating a digital tool like this          
application with a digital RAVLT, is how the        
transition from a human-to-human interaction version      
to a human-to-tablet interaction version affects the       
results of the test. Granted that the RAVLT is an          
efficient tool in its human led framework, it has to be           
certified that a digital version of the test does not          
affect the reliability of the test itself. The interaction         
in the RAVLT is solely based on the words being          
read to the user — the patient. Therefore it is          
necessary that the digital text to speech interface do         
not interfere with the patient’s understanding of the        
instructions and the word lists. 
 
With the use of a speech-based interface, for both         
input and output, the digital version of the RAVLT         
must overcome the challenges of the interaction       
model. To make speech interaction natural and easy        
to understand, the feedback from the system to the         
user must be effective and informative while also        
brief and understandable [19]. Further, the speech       
interaction should conform to the basic principles of        
conversation, minimizing repetition and handling     
interruption. The system should be able to provide        
feedback, giving the user confidence that the system        
recognizes their speech input [22] and does not        
distract the user from the actual test. 
 
2.4.1 The differences between the two versions 
Although several aspects has been taken into account        
when translating this test from a human-to-human       
interaction, there are some differences to the test        
versions. First of all, there are the possibilities for         
improvements that comes with using a digital tablet,        
which has affected some of the design decisions        
made by the company. This includes the ability to         
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display text on the screen at the same time as the           
speech interface reads the instructions to the user.        
This is a feature exclusive to the digital version.         
However, this applies to the instructions only, and not         
the actual test itself.  
 
From a user experience perspective there are some        
aspects to using a speech interface that needs to be          
taken into account, or rather the lack of a person          
conducting the tests in a human-to-human interaction.       
Even though the words are the same in the human          
and the digital interaction versions, there are other        
differences to be aware of. The differences can        
include aspects like the lack of body language, a         
different tone of voice, emphasis on words or        
apologetic language. The interaction with the digital       
version of the test is the same every time a participant           
conducts the test, but different individuals might       
experience this interaction with a tablet in different        
ways, depending on prior digital experience.      
Although, there might be larger differences between       
different neuropsychologists conducting the tests and      
how the participants or patients feel towards them. 
 
Normally, the RAVLT is conducted in a test battery         
once a year or less, but it can be more often           
depending on the level of cognitive impairment. A        
digital version can be performed more often, but        
might also affect the amount of details they        
remember about the test from time to time.  
 
2.5 Research question 
A digital test will enable neurocognitive screening on        
a primary care level, ensuring reliable execution and        
detecting cognitive decline in earlier stages.      
Normative studies must be conducted to prove it’s        
scientific reliability, but it is also important to        
conduct validation studies from a user perspective.       
To better understand the tradeoffs with a digital        
version of the RAVLT, the research question of this         
study is:  
 
What are the differences in the user experience and         
user performance between a human-to-tablet     
interaction and a human-to-human interaction     
version of the RAVLT? 
 
3. METHOD 
To be able to validate the differences between a         
digital and a human version of the RAVLT, a         
comparative study was performed. The comparison      
was based on the RAVLT in two versions, one being          
a human-to-tablet interaction and the other being a        
human-to-human interaction, further referred to as      

the digital version (B) and the human version (A),         
respectively. The human-to-tablet interaction takes     
place between a participant and a Microsoft Surface        
Pro tablet, where the test is presented as a web          
application. The human-to-human interaction is     
between a participant and one of the authors of this          
paper, leading the test, to their best ability, in the          
same manner as the test on the tablet. The study did           
not include a test of the speech recognition interface         
or any of the digital tools analyzing the results, but          
merely the differences. 
 
3.1 Procedure and participants 
The data gathering method consists of a combination        
of quantitative data acquisition through test results       
combined with qualitative data acquisition through      
interviews and observations. All participants undergo      
two test conditions: (A) the human setup and, (B) the          
digital setup. To keep the data consistent and to be          
able to draw valuable conclusions on healthy users,        
namely not risking unreliability by testing on elderly        
users that might actually be affected by cognitive        
impairments, we defined a target group of students        
aged 19-29. The size of the test group was based on           
how many students volunteered to participate in the        
study, with the goal of having at least 10. The test           
group ended up consisting of 17 people. The students         
were recruited through Program Integrating Course, a       
bachelor’s degree level course in the Media       
Technology program at The Royal Institute of       
Technology, in Stockholm, Sweden. They were      
offered course credits for their participation. The       
participants were divided into two subgroups, where       
9 participants who first performed test A and two         
weeks later did test B, and 8 participants who first did           
test B and after two weeks did test A. The groups           
were counterbalanced (A-B / B-A) and divided by        
gender as equally as possible. 
 
3.1.1 Qualitative and quantitative methods 
The quantitative data was gathered through      
conducting the the RAVLT as described in 2.2. For         
every participant, each correctly remembered word      
during the repetitions was recorded. This data was        
analyzed according to three different metrics:      
learning, attention and recall. The learning result is        
the total number of correct words the participants        
remembered during the first five repetitions (L1-L5).       
The attention result is the number of correct words         
the participant remembered from the interference list       
(D1). This measures the attention of the participant        
during the test. The last result, recall, is the number          
of correct words the participants remembered during       
the last repetition (L6), after the interference list. This         
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result indicates the state of the participants’ short        
term verbal memory capability.  
 
The data from the three measurements were       
compared between the two test groups (B-A, A-B)        
and also compared between between the two test        
conditions (T1, T2). The differences were evaluated       
for statistical significance using the single factor       
ANOVA method. 
 
To have qualitative data to better understand the        
quantitative data, the participants were asked some       
short questions before and after each test session. The         
questions aimed to capture the experience during the        
test, and the participants feelings towards the two        
different versions of the test.  
 
3.1.2 Analysis of variance (ANOVA) 
The analysis of variance (ANOVA) is a statistical        
method to determine the probability of a significant        
difference between multiple sets of data with a        
chosen confidence. The one-way ANOVA used in       
this study is a test of the hypothesis that the sets of            
data belongs to the same distribution, also called the         
null hypothesis (h0), based on the variance of the         
samples. If h0 can be rejected the difference between         
sets of data is considered significant [4]. In the case          
of this study, a p-value of less than 0.05 was deemed           
significant, corresponding to 95% confidence. 
 
3.1.3 Interview questions 
Before each of the test occasion, the participants were         
asked to state how they were feeling that day and          
how well they had slept during the night. After the          
test session they were asked, in a semi-structured        
interview with the same questions for every       
participant, to shortly describe verbally how it felt to         
perform the test and if anything was unclear or         
difficult to understand. They were also asked how        
they experienced the interaction with the person       
leading the test or the tablet, depending on what they          
started with. Finally, all participants were asked if        
something felt uncomfortable during the test, and if        
they had any overall comments on the study or the          
test.  
Specifically we asked the he following questions: 
- On a scale from 1 through 10, where 1 is really           

bad and 10 is really good, how well did you sleep           
last night? 

- On a scale from 1 through 10, where 1 is really           
bad and 10 is really good, how are you feeling          
today? 

- In your own words, how did it feel to perform this           
test? 

- Was everything clear or was anything difficult to        
understand? 

- How did it feel to interact with me? 
- How did it feel to interact with the tablet? 
- Did anything feel uncomfortable? 

 
After the second test they were asked the same         
questions again, with the addition to elaborate in their         
own words on how it felt now that they had          
performed both versions of the tests, and if they could          
compare the test experiences. The purpose of these        
questions with qualitative answers were to be able to         
see if there were any connection between the        
subjective experience of the participants and their       
results, to see if something could be explained by the          
circumstances regarding the participants. The tests      
were performed in the Swedish language, and the        
translation of the word lists and the instructions were         
conducted by Mindmore AB.  
 
3.1.4 Lists L and D 
See appendix 1 for list L, the list repeated five times           
and appendix 2 for list D, the distraction list. 
 
3.4 Delimitations 
In this study, no psychological or medical       
conclusions were drawn from the participants results,       
their results were merely used to provide insights to         
the different means of interaction with the       
human-to-human and human-to-tablet version of the      
test. Furthermore, the study did not evaluate the        
technical aspects of the voice recognition in either of         
the tests versions. All the results were recorded        
manually and not through voice recognition      
technology. The study was also limited to one digital         
platform (device and operating system) and the       
possible improvement in results from other      
alternative devices or Operating Systems were not       
explored.  
 
4. RESULTS 
4.1 Quantitative results 
The quantitative results are based on the three metrics         
described in the method section 3.1.1, and all metrics         
show increased performance at the second occasion       
for both groups. The quantitative data gathered in this         
study was analyzed using a one-way ANOVA test,        
see section 3.1.2, and only the result from the         
learning metric show a significant difference in       
improvement between the groups. 
 
4.1.1 Learning 
The learning results for Group A-B, starting with the         
human test at the first occasion and performing the         
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digital test two weeks later, showed an average        
improvement of 12.0% between the first occasion       
(T1) and the second occasion (T2) which points to a          
slight learning effect. Group B-A, starting with the        
digital version of the test, on the other hand, had an           
average improvement of 26.9%, which points to a        
higher learning effect. The difference in improvement       
between the two groups are statistically significant       
(f=4.65, p<0.05). The learning results indicate that       
group B-A had a stronger learning effect and that the          
learning measurement for the two versions of the        
RAVLT test can show different results. 

 
 
Figure 1. The average of the sum of correctly         
remembered words from the first 5 repetitions L1-L5        
for the two groups, during occasion T1 and T2. 
 
4.1.2 Attention 
Both groups improved their attention results between       
the first occasion (T1) and the second occasion (T2)         
two weeks later. Group A-B improved 29.1% on        
average and group B-A improved 22.2% on average.        
The learning effect is still present but more        
comparable between the two groups. The difference       
in improvement is not statistically significant (f=0.10,       
p>0.05). The results can be considered inconclusive       
and the two versions of the test show comparable         
results for the attention measurement. 
 

 
 

Figure 2. The average number of correctly       
remembered words for the two groups on list D,         
during test occasion T1 and T2.  
 
4.1.3 Recall 
The recall results show once more an improvement        
for both groups between the occasions. Group A-B        
improved 17.6% on average while group B-A, on        
average, improved 8.9%. The improvement to recall       
from the first to the second occasion is not         
statistically significant (f=0.67, p>0.05) between the      
two groups. In line with the attention sub-result, the         
recall result is considered inconclusive and the test        
versions evaluated does not show significantly      
different results for the groups of participants in the         
study. 
 

 
 
Figure 3 The average number of correctly       
remembered words for the two groups on repetition        
L6, during test occasion T1 and T2. 
 
4.2 Participant experiences 
Qualitative results were gathered through short      
interviews with the participants after each test       
occasion. When asked how they experienced the test,        
most people who had performed the human-to-human       
version of the test answered that they thought it was          
interesting or fun. In contrast, many people from the         
group who had performed the digitized version of the         
test answered that it was hard or that they had felt           
stressed or irritated during the test. Furthermore, the        
participants were asked how they felt interacting with        
the tablet or the human test leader. Everyone who had          
interacted with a human during the test answered that         
it felt good while some participants from the group         
interacting with the tablet did not experience the        
interaction as natural nor comfortable. 
 
A large part of the participants experienced the        
instructions as repetitive, independent of the version       
of the test they had performed. What differed was         
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how this repetitive nature of the test influenced their         
experience. The participants who had performed the       
digital version experienced the repeated instructions      
as unnatural or distracting while the participants who        
had performed the human version had a positive        
attitude towards the repetitiveness. 
 
Some participants appreciated the ability to read the        
instructions while hearing them, saying that it helped        
them to understand the instructions. This is only        
possible with the tablet version of the test, and is a           
feature gained through the digitalization of the test. 
 
Other feedback that was received from the       
participants is the uncertainty in the test and the         
number of repetitions of the first list (L). After going          
through the digital version of the test, some        
participants were unsure if they had to repeat the list          
multiple times because they didn’t perform good       
enough. This didn’t occur with the human version of         
the test. 
 
5. DISCUSSION 
5.1 Summary of the results 
The results point towards a higher score for        
participants conducting the human test setup after the        
digital test setup, suggesting that the digital setup for         
experienced users promote a different level of       
improvement. The difference is significant only when       
studying the learning metric of the test. Overall, our         
results comparing the performance of the two test        
versions are not significant. This suggests that the        
method of comparing the tests and the design of this          
study is not adequate for this context. What the study          
can show is the difference in usability and procedure         
experienced by the users. 
 
5.1.1 Learning 
For the learning sub-result, the difference in       
improvement from T1 to T2 between the test groups         
are significant, i.e. with a p-value < 0.05. The other          
two sub-results, recall and attention measure, show       
no significant difference in improvement between the       
groups. This mixed outcome is partly clarified by the         
results from the interviews, where the participants       
answers show that even though the instructions and        
tasks are identical, the experience and perception of        
the instructions during the digital test are more        
negative. At the same time, most of the participants         
state that they find the experience with both tests         
pleasant. As for the statistical method, since the        
amount of samples in the learning measurement were        
much larger than in the other two, that alone might          

have resulted in the significance due to simply having         
more samples. 
 
5.1.2 Attention and recall 
The remaining two sub-results for the attention and        
recall measurements, show no significant difference      
between the groups. This could be interpreted as the         
two versions being equivalent regarding the      
participants results. One possible factor is the age and         
computer experience level of the participants in the        
test groups. All the participants were young and        
healthy, with a good, well-functioning, memory.      
They scored high in the test regardless of version.  
 
5.1.3 Interviews 
The answers from the interviews conducted in       
connection with each test occasion show, first and        
most, that the participants remember a lot between        
test conditions, taking into account the two week        
period in between testing. This explains the high        
scores for T2 for both group A-B and group B-A. The           
interviews also show that even though the       
participants had similar feelings for the two versions        
of the tests, that feeling could be experienced as         
negative when experienced during the     
human-to-tablet version of the test. A good example        
is the repetitiveness during both tests which to a         
larger extent was perceived as something negative       
during the digital setups than during the human setup. 
 
This difference in attitude during the two tests might         
be a product of the nature of the interaction with the           
tablet versus a human. The participants expected the        
interaction with the tablet to be repetitive and        
unnatural, and their expectations were partly met. In        
contrast, during the interaction with a human, the        
rather unnatural and repetitive instructions were      
perceived as explicit and thoughtful. This is in line         
with other research, suggesting that voice interaction       
must conform to the basic rules of conversation. [22]         
In the case of this study, the speech interface violates          
some of those rules, for example the possibility to         
interrupt and change the conversation. This however       
would not be possible in the setting of a         
neurocognitive test like the RAVLT, where the result        
needs to be comparable to baseline norms. This also         
suggests that new baseline normative studies must be        
conducted to ensure reliability of a digital version of         
the RAVLT. 
 
5.2 Digital experience and improvement curve 
The participants experience during the test occasions       
are key to understand how the changes introduced        
with the digitization process influences     
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neurocognitive tests of this sort. Even though there        
are normative baselines for how a healthy brain        
should function in terms of verbal memory, it’s        
important to keep in mind that it is not only how the            
test subject perform on the RAVLT, but rather what         
to take into account when analysing the results, as         
mentioned in section 2.3.1. For example, people with        
greater exposure to computers perform better on       
digitally based assessments or tests than those with        
less experience [14], which will have to be taken into          
account with the same importance as level of        
education is taken into account when scoring       
performance on the RAVLT [20].  
 
With the significant difference in improvement for       
the learning sub-result, one conclusion could be that        
this is due to the human-to-human test being easier         
for our user group resulting in higher scores for the          
participants. The improvement could also be due to        
the human-to-tablet version providing a stronger      
learning effect in comparison to the human-to-human       
version, resulting in the proportionally higher      
performance for the participants during the second       
occasion. Further research is needed to determine the        
factor for the difference, and how the high prior         
technical knowledge among the participants in our       
study might have influenced these factors. 
 
5.3 Method Critique 
The test leader in this case, varying between the two          
authors of this paper, were not educationally trained        
in psychology or neurocognitive testing, but were       
provided with the specification of how to conduct the         
test by a neuropsychologist at Mindmore AB and        
determined to be able to perform the test without the          
proper degree. The nature of the test allowed the         
authors to conduct the test as close as a clinician          
would have as possible. The instructions are the same         
in wording for both the digital and the human test.          
However, the digital version shows the user a text         
version of the instructions while they are read by the          
tablet. This is a feature exclusive to the digital         
version which could have affected the users       
understanding of the task and the overall experience        
of the test. 
 
The participants were chosen from a narrow age        
group, people between 19 and 29 years old, that does          
not necessarily correspond with the target group of        
the neurocognitive test evaluated. This could      
misrepresent the technical knowledge and prior      
experience of the actual users of the digital version of          
the RAVLT. What could have been a difference in         
performance due to the different interactions with the        

digital version, were possibly canceled out by the        
high performance by the students.  
 
The number of participants in the study is considered         
to be relatively low and this makes it harder to detect           
statistically significant differences between the     
groups because of the high signal to noise ratio with          
small sample sizes. This resulted in the design        
decision to only do two groups of participants,        
conducting first one and then the other version of the          
test (A -B and B-A). To improve the result, with a           
larger number of participants, the study should have        
included groups doing the same test version twice        
(B-B and A-A). 
 
The time between the test conditions was two weeks,         
with the result that the test participants remembered        
many of the words from the first test occasion         
resulting in unreliable results during the second test        
condition. This study shows that this is too short for          
this kind of test were the memory is measured and          
could increase the learning effect for the participants        
between the test occasions. Due to the need for         
manual data recording, one or two of the test leaders          
stayed in the room with the participant during the         
human-to-tablet version of the test. This might have        
affected the perceived comfort with and attitude       
towards the tablet during the digital version of the         
test.  
 
5.4 Further research 
Since neurocognitive tests aim for detecting early       
signs of cognitive decline or MCI [15], knowing what         
to take into account can make all the difference for a           
digital version of the test. Even though there are some          
aspects to the human-to-human interaction setup of       
the test that is more inclusive towards an        
under-experienced elderly population, knowing that     
this is a factor for the assessment might be         
outweighed by the motivation for digitizing the test in         
terms of availability and resources like time and        
finances. A suggestion for further research in this        
subject is a more in-depth study on exactly how much          
technology experience affects the outcome of the       
RAVLT. 
 
6. CONCLUSION 
There are both advantages and disadvantages by       
digitizing a neurocognitive test like the RAVLT, but        
the disadvantages lie mostly in areas that are        
explained by lack of knowledge. The advantages       
include the availability for early detection of       
cognitive decline, frequent testing, less use of time        
and finance resources and patient based baseline       
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values. It also provides a consistency that       
human-to-human interactions cannot guarantee. The     
disadvantages are mostly in terms of what needs to be          
taken into account when screening patients with       
varying levels of technical experience or experience       
with computers or tablets overall. 
 
What this study has shown is that when conducting         
both tests with two weeks in-between, our young and         
healthy participants remember a lot from the first        
time they conducted the test. This is expressed not         
only in their actual scores but also expressed in         
conducted interviews. What is evident from our       
statistical analysis is that they remember significantly       
more when conducting condition B, the digital setup,        
before condition A, the human setup. This suggests        
that for our digitally experienced user group, the        
improvement might be a result of being accustomed        
to using the hardware and similar interface solutions.        
This means that there is a notable need for         
establishing more thoroughly what about the digital       
version and the human version that affects the results         
in target groups with different level of digital        
experience. 
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Appendix 1 - List L 

 

Trumma 

Gardin 

Klocka 

Kaffe 

Skola 

Föräldrar 

Måne 

Trädgård 

Mössa 

Bonde 

Näsa 

Höna 

Färg 

Hus 

Flod 

 

 

 

 

 

 

 

 

 

 

English Original 

 

Drum 

Curtain 

Bell 

Coffee 

School 

Parent 

Moon 

Garden 

Hat 

Farmer 

Nose 

Turkey 

Color 

House 

River 
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Appendix 2 - List D 

 

Skrivbord 

Jägare 

Fågel 

Sko 

Spis 

Berg 

Glasögon 

Handduk 

Moln 

Båt 

Lamm 

Pistol 

Penna 

Kyrka 

Fisk 

 

 

 

 

 

 

 

 

 

 

English Original 

 

Desk 

Ranger 

Bird 

Shoe 

Stove 

Mountain 

Glasses 

Towel 

Cloud 

Boat 

Lamb 

Gun 

Pencil 

Church 

Fish 
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