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Résumé

L'espérance de vie est en croissance et ainsi, le nombre de personnes agées s’élargit, nécessitant
un acces facile a des produits de base tels que la nourriture. Dans une population qui vieillit
rapidement, I'épicerie en ligne devient une ressource pratique qui est de plus en plus disponible.
Cependant, on sait que la capacité cognitive des personnes agées, a savoir leur capacité de mémoire
de travail et leur vitesse de traitement, diminue naturellement avec 1'age et qu'elle est importante
pour effectuer les calculs mentaux nécessaires a l'achat de produits alimentaires en ligne. Les
personnes agées ont une propension plus ¢élevée a la charge cognitive, ce qui les rend moins
probable de réussir a faire leurs courses en ligne de maniere efficace. Les épiceries en ligne sont
également plus difficiles en termes de quantité de calculs mentaux ou de complexité arithmétique.
Cette ¢tude vise donc a mieux comprendre comment et de quelle maniére 1'age influe sur la

performance en matic¢re d'achats en ligne.

Pour répondre a notre question de recherche, des conditions de complexité arithmétique €levée et
faible ont été créées sur des diapositives d'ordinateur statiques, reproduisant un calcul mental
commun a une expérience d'achat de produits alimentaires en ligne. Dans le cadre d'une étude
intra-sujet, 32 participants, moiti¢ jeunes adultes et moiti¢ adultes plus agés, ont effectué¢ des
courses en ligne et répondu a des questionnaires apres chaque condition. Ils ont également réalisé
deux tests cognitifs, afin d'évaluer la capacité de la mémoire de travail et la vitesse de traitement.
En résumé, nos résultats montrent que la capacité de la mémoire de travail a un impact direct sur
la capacit¢ en mathématiques et que la charge cognitive a un effet direct important sur les
performances de 1'épicerie en ligne. D'autres résultats et implications théoriques et managériales

sont discutés.

Mots clés : courses en ligne, vieillissement, expérience utilisateur, capacit¢ de la mémoire de
travail, vitesse de traitement, auto-efficacité, capacité mathématique, charge cognitive, complexité

arithmétique



Abstract

As average life expectancy increases, the average population age rises, resulting in an increased
need to easily access basic goods such as food. In a rapidly aging population, online grocery
shopping becomes a convenient and increasingly available resource. However, older adults'
cognition, namely their working memory capacity and their processing speed, are known to
naturally decline with age and are important in making mental calculations required in purchasing
foods online. Older adults have a higher propensity to cognitive load, making them less likely to
succeed in shopping for groceries online efficiently. Online grocery shopping is also more difficult
in terms of its number of mental calculations, or in its arithmetic complexity. Thus, this study aims

to further understand how and in what ways age affects online grocery shopping performance.

To answer our research question, high and low arithmetic complexity conditions were created on
static computer slides, replicating a mental calculation common of an online grocery shopping
experience. In a within-subjects study, 32 participants, half younger adults and half older adults
completed online grocery shopping tasks and answered questionnaires after each condition. They
were also asked to complete two cognitive tests, which would test for working memory capacity
and processing speed. In summary, our findings show that working memory capacity has a direct
effect on mathematical ability and that cognitive load has a strong direct effect on online grocery

shopping performance. Further results, theoretical and managerial implications are examined.

Keywords: online grocery shopping, aging, user experience, working memory capacity,

processing speed, self-efficacy, mathematical ability, cognitive load, arithmetic complexity
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1. Introduction

1.1 Research Context

Shopping and other daily activities such as banking are becoming increasingly digital and we have
become increasingly reliant on digital interfaces to meet our daily needs (Wavrock, Schellenberg
& Schimele, 2022). The Covid-19 global pandemic added additional restrictions which resulted in
many individuals shopping for their groceries online (Tyrvédinen & Karjaluoto, 2022). However,
not all individuals had the same familiarity with these websites and online grocery platforms were
faced with a situation in which multiple types of users are now purchasing foods on the same

websites all at once, all of which have different experiences and needs.

Older adults struggle more than younger adults to shop for groceries in-person than younger adults,
given their increased propensity for health and mobility issues (Huang et al., 2012). However,
how is their online grocery shopping experience? The Covid-19 pandemic highlighted the need
for increased usability in purchasing from online groceries. Articles are appearing highlighting the
lack of consultation of older users in the creation and upkeep of online grocery shopping websites

(ex. Haire & Miller, 2020).

Older adults also have natural cognitive changes which may disadvantage them in online tasks,
including mental calculations and other short-term memory tasks on digital interfaces
(Rozencwajg et al., 2010). Online grocery shopping utilizes more involved thinking and problem-
solving processes than other types of shopping, due to its wealth of numerical information in the
forms of prices, weights and discounts (Desrochers et al., 2019). Older adults do not shop for
groceries online as much as younger adults, despite how much this can help them in their daily
activities (Garcia, 2018). Given all of these factors potentially contributing to older adults shopping
for groceries online less and the lack of literature honing in on all of the aforementioned factors,

this thesis aims to understand how age affects online grocery shopping performance.

1.2 Research Question

The overarching research question for both articles is as such:
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RQ: In what manner and under what conditions does age affect online grocery shopping

performance?

With a significant amount of literature present on grocery shopping and even on online grocery
shopping, few studies hone in on the particularities of aging and how natural age-related cognitive
changes affect online grocery shopping performance. We must also consider realities characteristic
to older adults, such as how they do not have as much exposure to modern digital interfaces the
way their younger peers have, for example. Understanding the mechanisms of how age affects

performance in online grocery shopping would thus be pertinent.

A within-subjects design was created with stimuli of both a low arithmetic complexity and high
arithmetic complexity. In other words, one condition would involve less challenging mental
calculations and information processing, and the other would involve more challenging mental
calculations and information processing. The stimuli for each condition consisted of realistic
purchasing scenarios where the user was instructed to maximize the amount of foods they can
purchase with a given budget. There was always one correct answer from 1 to 5 for each stimulus.
Participants were half younger adults and half older adults. Participants were able to participate in
their home setting if they could not or would not come to HEC Montréal. Eye tracking was used

to later analyze pupillometry data for numerical areas of interest.

HEC’s Ethics Review Board, the CER (Comité d’éthique de la recherche) approved this study with
code #2023-5016. The documentation is provided in appendix H. This study was made possible
through a NSERC grant from the Industrial Research Chair in User Experience, grant number
NSERC IRC 505259-16, as well as through funding from PROMPT (R2185; R2188A; R2106;
R2882).

1.3 Article 1
Article 1 presents an individual-based mechanism in explaining the effect of age on online grocery
shopping. Therefore, it considers age, natural cognitive changes and their involvement in online

grocery shopping performance among older and younger adults.
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1.4 Article 2

Article 2, on the other hand, focuses on task-focused mechanisms to explain the effect of age on
online grocery shopping performance. It explores how arithmetic complexity affects cognitive load
through exposure to the stimuli and how cognitive load affects online shopping performance. As
with article 1, article 2 also includes both younger and older participants. A shortened version of
paper 2 was submitted and accepted to the SIGHCI Pre-ICIS conference in Hyderabad, India, to

be presented on December 10, 2023. Its reference is included in appendix G.

1.5 Thesis structure

This thesis is structured as follows. Chapter one will be a brief introduction to the topic, leading
into chapters 2 and 3, which present papers 1 and 2. Please note that both papers are based off of
one data collection. As a result, there is some overlap. Paper 1 focuses on aging, cognitive
processes (in this case, processing speed and working memory capacity), mathematical ability,
self-efficacy and online grocery shopping performance. Paper 2 shifts its focus to the involvement
of arithmetic complexity and cognitive load in aging, in addition to self-efficacy and online grocery
shopping performance. Finally, chapter four ends with a conclusion in which main findings,

limitations and contributions will be revisited.

1.6 Contributions

Table 1 highlights the contributions in completion of this thesis.

Table 1: Contributions in thesis realization

Step in the process Contribution

Research question 60%
Searching for topics and areas of interest,

ongoing discussions with supervisors — 70%
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Elaboration of the research model — 50%, with

assistance from supervisors

Literature review 100%
Reading relevant literature and writing the

theoretical foundations.

Conception and experimental design Applying to the ERB (Ethics Review Board)
—100%

Developing experimental design — 75%

Determining operational stimuli — 100%
Designed the experimental stimuli and created
the mathematical equations, ensuring that

there was 1 correct answer per stimulus.

Questionnaires — 85%
Searching for validated questionnaires for
appropriate research variables, creating

questionnaires on Qualtrics.

Pre-tests 100%

I pre-tested the experimental conditions to
ensure the low arithmetic complexity and high
arithmetic complexity  results  were

significantly different (n = 8).




Recruitment & Data Collection
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Recruiting participants - 100%

I advertised the study near the university with
a poster and a QR code in order to recruit
younger adults and made use of the university
research panel. I also met with private seniors
residence directors and leisure center directors

in order to advertise the study for older adults.

Conduct the study — 100%
I traveled to all participants who preferred
completing the study in their home

environment and conducted the study on all

participants.
Data Analysis 63%
e [Extracting and cleaning all data —
100%
e Analyzing paper | ANOVA results on
SAS - 75%
e Analyzing paper 2 results — 15%

o Tech3Lab statistician assisted
by manually inputting the
process to fit the research
model.

With guidance and assistance from Tech3Lab
statistician.
Writing the thesis 100%

'With guidance and feedback from supervisors
and SIGHCI! pre-ICIS? reviewers.

! Special Interest Group on Human Computer Interaction
2 International Conference on Information Systems
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The impact of age-related cognitive changes on online grocery

shopping performance
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Abstract

With an aging population worldwide, there is further need for access to essential goods such as
groceries. However, older adults’ working memory capacity and processing speed, two cognitive
processes, naturally decline. These processes are understood to impact mathematical ability, which
is needed when making mental calculations such as quantities of foods, savings, etc. The purpose
of this study is to thus to understand how and in what ways age affects online grocery shopping
performance. Our findings confirm that age has a significant negative impact on working memory
capacity and processing speed, which are both understood to impact task performance. However,
working memory capacity was more closely implicated in the process impacting one’s online
grocery shopping performance, directly affecting mathematical ability. Mathematical ability was
also found to influence online grocery shopping performance. Finally, self-efficacy was found to
positively moderate the relationship between mathematical ability and self-reported online grocery

shopping performance. Theoretical and managerial implications are explored.

Keywords: online grocery shopping, aging, user experience, working memory capacity,

processing speed, self-efficacy, mathematical ability
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2. 1. Introduction

It is projected that the worldwide proportion of adults 60 years and older will increase from 12%
in 2015 to 22% in 2050 (WHO, 2021). In Canada, as of July 2022, there were over 7 million senior
citizens reported and this number is expected to continue to increase (Statistics Canada, 2023).

Life expectancy in Canada is also steadily increasing (Public Health Agency of Canada, 2021).

Several changes occur during the process of normal aging. We can observe decreases in thinking
speeds and working memory (University of California San Francisco, n.d.; Rozencwajg et al.,
2010). Older adults’ cognitive changes differ based on the type of cognitive ability (Rozencwajg
etal., 2010). Notably, it appears that older adults experience a steadier decline with regards to their
processing speed, thus impacting arithmetic skill more so than other skills (Rozencwajg et al.,

2010).

Concurrently, for both younger and older adults, there is an obvious need to easily purchase
groceries and other daily essentials. However, in an aging population, it is more difficult to access
essential goods, due to difficulties with transportation (Huang et al., 2012), reduced mobility
(Huang et al., 2012) and fear of the pandemic (Palmer et al., 2021). While a small percentage of
older adults used online grocery platforms in pre-pandemic times (Gavin, 2020 in Kovalenko,
2021; International Food Information Council Foundation, 2018), since the advent of the
pandemic, trends have shown a steady increase in individuals shopping online (Lebow, 2021).
This holds true for essentials, such as grocery shopping (Goldman, 2021; Yuen, 2023). Though
older adults continue to purchase groceries online less than younger adults, the number of older
adults shopping virtually is steadily increasing and the generational gap is decreasing (Garcia,
2018). Additionally, older adults who have tried online grocery shopping during the pandemic are
more likely to continue using OGS post-pandemic, either as primary or supplementary shopping

(Shen, Namdarpour & Lin, 2022).

While there is an interest, shopping for groceries online is still more difficult for older adults. For
example, in one study with older adults who report ease of use with technologies, these users took

twice as long to order their groceries online than their younger counterparts (Sjolinder et al., 2003).
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Another study noted that it took older adults 3 or more orders for them to begin feeling at ease

with the process of ordering groceries online (Haire & Miller, 2020).

Older users have specific design needs (Kane, 2019). However, online grocery platforms are not
made with older adults in mind. They also may not be consulted or implicated in the design process
of OGS platforms, despite increasingly using them (Haire & Miller, 2020). This is the case for
many technologies (Gorski, 2005). Thus, older adults continue to face many barriers and obstacles

in using online grocery shopping regularly and efficiently (Haire & Miller, 2020).

Older adults present natural changes in their working memory capacity and processing speed, both
of which are involved in task performance, particularly when faced with mathematical calculations
(Rozencwajg et al., 2010). Simultaneously, online grocery shopping is on the rise (Yuen, 2023).
Shopping for groceries online has been shown to be more challenging than other types of online
purchases, due to the presence of multiple numerical information, such as food weights, discounts
and quantities (Desrochers et al., 2015). In tandem, older adults’ lesser exposure to technologies,
including online shopping, is accompanied by a lower digital self-efficacy (Czaja et al., 2006).
Few studies have focused on studying the effects of online grocery shopping tasks (Desrochers et

al., 2015). Therefore, we pose the following research question:

RQ: How and under what conditions does age affect online grocery shopping performance?

In sum, our results demonstrate that age has a significant and direct negative impact on both
working memory capacity and processing speed. However, only working memory capacity has an
impact on mathematical ability. Additionally, mathematical ability has a negative effect on online

grocery shopping performance and self-efficacy has a moderating effect on this relationship.

The paper will be structured as follows. First, we will present the literature review, which will
cover the theoretical foundations and the subsequent research hypotheses. Second, the
methodology will be presented, including the experimental design and the operationalization of
the research variables. Third, the results will be introduced. Next, we will put forward a discussion

based on the results presented and end with a conclusion.
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2.2 Literature Review and Hypotheses

2.2.1 Information Processing & Memory Creation

Information processing is widely viewed as disjointed and that information is processed in
numerous steps. This interpretation is known as the stage theory model (Atkinson and Shiffrin,
1968). First, sensory memory takes place as we are exposed to new stimuli. If this new information
is not quickly absorbed, it is rapidly forgotten and lost. This process happens within seconds (Lutz
& Huitt, 2003). However, if this information continues to be actively processed, it reaches short-
term memory or working memory (Lutz & Huitt, 2003). At this stage, new information is actively
being treated and manipulated and lasts for a maximum of roughly half a minute (Lutz & Huitt,
2003). Finally, some information may be processed by short term memory and be retained and
consolidated in the final stage of memory formation, long-term memory (Lutz & Huitt, 2003).
Long-term memory “is [a] more permanent store in which information can reside in a dormant
state — out of mind and unused — until you fetch it back into consciousness” (Abbot, 2002, p. 1 in
Lutz & Huitt, 2003). Therefore, it amasses years of consolidated knowledge and memories through

one’s lifetime (Lutz & Huitt, 2003).

2.2.2 Aging, Working Memory Capacity and Processing Speed

Working memory capacity is defined as the “hypothetical cognitive system responsible for
providing access to information required for ongoing cognitive processes [where one’s individual
differences] reflect the limited capacity of a person’s working memory” (Wilhelm et al., 2013).
The concept of working memory capacity arose from short-term memory analysis and became an
important information processing concept (Baddeley, 2010). In fact, working memory capacity is
a limited resource for individuals of all ages, but it is particularly affected by aging (Hertzog et al.,
2003). Though it is recognized that there is a noted decline in working memory capacity in normal
aging, the mechanisms are complex and multicausal (Park et al., 2002). It is also understood that
working memory capacity is task dependent and is affected by complex arithmetic tasks (Turner
& Engle, 1989). Psychologists Baddeley & Hitch’s model of working memory was particularly
influential in explaining cognitive changes through aging, and involves the interplay between three

cognitive components (1974). The interactions between these systems include active processing
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of information, in which the central executive, the primary system, issues information to be
processed and stored by the two subsystems (1974). To further elaborate, in aging, working
memory resources are more difficult to mobilize (Salthouse, 1996; Arguello & Choi, 2019). This
further impacts tasks involving fluid memory (Rozencwajg et al., 2010) including decision-
making, due to its requirements to manipulate information (Del Missier et al., 2013). Those who
are older are thus further disadvantaged in tasks involving working memory capacity than their

younger counterparts (Verhaeghen et al., 2019).

On another hand, Timothy Salthouse’s Processing Speed theory offers an alternative explanation
to natural age-related cognitive declines. Processing speed is defined as a measure of the time
required to respond to and/or process information in one's environment (Horning & Davis, 2012).
Salthouse theorized that as we age, our processing speed slows, due to an increased difficulty in
processing as much information at a time as a younger person would (Salthouse, 1996). He further
explains that this fluid cognition is slowed due to older adults’ difficulty with processing new
information as rapidly as their younger peers. Additionally, older adults demonstrate greater
difficulty in retrieving the information from prior stimuli, due to the extended time required to
process previous information (Salthouse, 1996). It is also to be noted that the older an individual,
the more significantly impacted is their processing speed (Salthouse, 2000). Finally, processing
speed is linked to mental arithmetic and is understood to be a predictor of performance when faced

with mathematical tasks (Rozencwajg et al., 2010).

Given this information, we propose the following hypotheses relating age, processing speed and
working memory capacity:
H1: Age negatively impacts processing speed.

H2: Age negatively impacts working memory capacity.

2.2.3 Aging & Mathematical Ability

Mathematical ability refers to the “verbal and mathematical ability to follow directions or make
calculations [...]” (Gatewood, Perloff & Perloff, 2000). In order to complete arithmetic

calculations, one must use their working memory (Cragg et al., 2017), which as previously
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outlined, naturally declines with age (Hertzog et al., 2003). Some researchers found that the central
executive is hindered when confronted with mathematical tasks, particularly when an individual
is confronted with a mathematical task involving counting or decomposition (ex. 24 + 41 =20 +
40 + 4 + 1 = 65) (Cragg et al., 2017). Children are likely to fare worse with mathematical tasks
until they learn more complex procedures and are thus prone to overexerting their working
memory capacity (Cragg et al., 2017). However, once adults develop these competencies, they
may be at an advantage until they reach older adulthood when cognitive losses impact their
working memory capacity. Numerical processing speed is also found to impact mathematical
ability, with an elevated numerical processing speed leading to mathematical achievement
(Lambert & Spinath, 2018). We previously outlined the natural decline in processing speed in the
aging process. The involvement of cognitive processes such as working memory capacity and
processing speed in arithmetic processing and mathematical ability logically may then impact task

performance, particularly if the task employs mathematical calculations.

Due to the involvement of both processing speed and working memory capacity in mathematical
ability, we propose the following hypotheses for our research question:
H3: Processing speed positively impacts mathematical ability.

H4: Working memory capacity positively impacts mathematical ability.

2.2.4 Age, Online Grocery Shopping & Task Performance

While aging is known to impact IT-related task performance (Tams, 2022), studies considering the
specificities of a user’s age, including his or her natural cognitive changes, are found to be

insufficient in comparison to task and technology focused studies (Tams, 2022).

Older adults behave differently than their younger counterparts while shopping online (Lesakova,
2016). Older adults have used online grocery shopping less than younger adults (Bezirgani &
Lachapelle, 2021a; Bezirgani & Lachapelle, 2021b; Hanus, 2016). Other studies on online grocery
shopping have shown that users with less experience on OGS platforms performed more poorly
and rated the interface as less usable than users with more experience with online grocery shopping

(Freeman, 2009). They also take significantly more time to complete their online grocery shopping
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than younger adults (Sjolinder et al., 2000; Lesakova, 2016). They also struggle more with the
navigation of visuospatial elements, such as the page layout and the grouping of visual categories
(Sjolinder et al., 2000). Other studies show that older adults can be better performers at tasks such
as grocery shopping, due to their increased decision-making abilities (Kim & Hasher, 2005).
However, globally, older adults are well-documented to perform less well in problems involving
product price information and mental manipulation, due to their natural changes in memory

(Zeithaml & Fuerst, 1983).

Furthermore, younger adults and older adults appear to have different goals in their grocery
shopping experiences (Lesakova, 2016), which may lead to a desire to shop online for groceries.
Younger adults value saving time and convenience particularly due to their children and families
(Morganosky & Cude, 2000) and older adults value saving money, reducing the need for physical
inconveniences such as carrying heavy items or reaching high shelves or deep freezers (Lesakova,
2016). However, despite differences in their goals, all users ultimately wish for a smooth user
experience, minimizing pain points at each step of the OGS experience, including the browsing
and selection of grocery products (Giroux-Huppé et al., 2019). Additionally, multiple mental
calculations and ambiguity in terms of pricing is known to be a pain point, elevating the user’s
cognitive [load] (Desrochers al., 2015). As previously mentioned, mathematical and arithmetic
tasks are known to be more difficult for older adults (Lemaire & Arnaud, 2008; Rozencwajg et al.,

2010).

Thus, we propose the following hypothesis to answer our research question:

HS: Mathematical ability positively affects performance on shopping tasks.

2.2.5 Aging & Selt-Efficacy

Self-efficacy is understood as an individual’s “beliefs in his or her capacity to organize and execute
behaviors required to produce specific performance attainments” (Bandura, 1977, 1986, 1997). In
older adults, a lower computer self-efficacy is more common than in younger adults, partly because
of their lesser exposure, on average, to technologies, including computers and the Internet in

general (Czaja et al., 2006). Older adults report feeling less confident in their abilities to navigate
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the Internet and use computers, even when these technologies can aid them in daily activities such
as banking and shopping (Czaja, et al., 2006). Self-efficacy is found to motivate users to make
greater efforts in their tasks (Tams, 2022). Interestingly, both younger and older adults with
particularly high self-efficacy scores have shown to overestimate their actual performance
(Schreder et al., 2013). There is also some evidence that challenging tasks may lead to
underestimating one’s performance, as people may doubt themselves when the task is challenging

(Kahneman, 2011).

To this author’s knowledge, no literature has touched upon the effect of self-efficacy on older
adults in an online grocery shopping context, particularly when also considering age-related
cognitive changes and task complexity. However, given the general data with older adults and
technologies, it is logical to understand that self-efficacy may impact performance. Thus, we end

with our final hypothesis:

Hé6: Self-efficacy moderates the relationship between mathematical ability and performance on

online shopping tasks.

Figure 1 reflects the model incorporating the preceding hypotheses:

Figure 1: Proposed research model

Online Shopping
Working Memory Self-Efficacy

H4
y Chpachy \ lHG
Age /. Mathematical ability | ——» Performance on
H3

\ H5 Shopping Tasks
H1 Processing Speed

2.3. Methodology

2.3.1 Setup

An IBM (International Business Machines) laptop was used to run the study. TeamViewer was

used in order to mirror the participant’s screen on the moderator’s computer, in order for them to
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manage the flow of the tasks. The moderator and the participant were seated close to one another,

without being face to face.

2.3.2 Experimental Design

Arithmetic complexity refers to the difficulty of a given calculation or mental exercise (Campbell,
2005). Many factors may influence arithmetic complexity, such as changing the way product price
information is shown (e.g. weighed as opposed to individual) and using decimals instead of

integers, for instance.

To test the hypotheses, a reduced factorial design (arithmetic complexity: price per product or
price per weight & arithmetic complexity: integers or decimals) within-subjects design was
conceived. As shown in table 2, two of the conditions (price per weight x decimals & price per
product x integers) were retained, as they reflect the extremes of difficulty levels. Only the extreme
conditions (high and low) were retained in order to assess the interaction effect between the two
variables at their extremes. A low complexity condition has integers and prices per unit (for
example, 5$ per bag of oranges) as opposed to high arithmetic complexity, which includes both
decimals and a cost per weight (for example, 2.25$ per 100g of oranges). Prior to running the test
on participants, pre-tests were conducted which showed a significant difference in performance
between the low arithmetic complexity condition and the high arithmetic complexity condition.
The tasks included four stimuli per condition and the conditions were randomized. All participants
were exposed to both conditions after a practice trial. Finally, we can consider age as an
experimental selection, since prerequisites for participating in the study was to fall under the age

brackets selected for younger adults and older adults.

Table 2: Experimental design

Price per product Price per weight

Integers Low arithmetic complexity N/A
Younger, older

Decimals N/A High arithmetic complexity
Younger, older
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2.3.3 Participants

Thirty-two participants who reside in Montréal, Québec took part in the study. Approximately half
were younger adults (17 out of 32 being between the ages of 18 and 35 years of age), the other
half being older adults (15 out of 32 being 60 years or older). These age ranges were selected in
advance, reflecting the changes in cognitive abilities observed in the literature on aging, as well as
demonstrating a wide enough gap in years between the two groups. Younger participants ranged
from 21 to 32 years of age (X = 26, 6 = 4.50) and older participants ranged from 60 to 78 years of
age (X = 66,0 =06.43).

Recruitment methods varied and included the laboratory research panel, advertising the study near
HEC Montréal with a QR code as well as in autonomous and semi-autonomous older adult
residences and activity centers and snowball sampling. In order to make participation in the study
more accessible to older adults, particularly to those in their seventies and beyond, participants
were able to select whether this moderator would meet them in their home setting or if they were
able to and wished to do so, to participate at HEC Montréal. This study was approved by the Ethics
Review Board at HEC Montréal, #2023-5016.

2.3.4 Experimental Task and Stimuli

For the focus to remain solely on processing of numerical information and text necessary to solve
the tasks without potentially confounding variables such as branding and colors, all stimuli were
kept bare with a white background and no visible branding. All stimuli are shown in appendix A.
This also facilitated extraction of data on the SMI eye tracker, in which a gaze on a static element

was easier to capture than an actual website.

Each stimulus had a bare background with text in a large black font and had nondescript images
of produce with little to no visible branding. Participants were shown instructions, which specified
that their task was to maximize the amount of produce they can purchase with their given budget.
In figure 2, this would be 15$. An image was shown of the produce they were purchasing in the
task, as well as the quantity and the weight. In figure 2, the quantity is 1 box of cherry tomatoes

and the weight corresponds to 150 g. Next, the product price information was displayed, as
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demonstrated by $2.50/100 g in figure 2. In this example, users must do the mental calculation to
know the cost of 1 box of cherry tomatoes, which weighs 150 g and then must calculate how many
boxes they can purchase with their budget of 15$. When users were instructed to select the
maximum amount of produce, they can purchase with the given budget, they were informed that
the answer is always from 1-5 as shown on figure 2 and in every stimulus presented. Costs were
inspired by Montreal food retailers. All of the above information was always provided to the
participant, even if it was not relevant. For instance, if their budget is of 5§ and 1 orange which
weighs 0.31 1b costs 13, the weight is not required to make the calculation and complete the task.
However, in other instances, weight is required as the product is in bulk or weighed, emulating an

actual grocery shopping experience, where there are both prepackaged goods and weighed goods.

Figure 2: An example of a stimulus in the high arithmetic complexity condition

| have a budget of $15, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 150 g $2.50/100¢g

How many boxes can | buy?

1 2 3 4 5

2.3.5 Procedure and Materials

Since participants were given the option of participating either in their home environment or on
the HEC Montréal campus, this researcher met the participant in their selected location. The laptop
and eye tracker were either set up prior to the participant arriving if they participated on campus
and if this was not the case, the set up was completed while the participant was reading the consent
form. As illustrated in figure 3, after the consent form was signed, the eye tracker was calibrated.
The participant then had a practice trial, then completed the two sets of online grocery shopping
tasks. The practice trials were created in order to reduce the risk of a learning effect as well as

providing an opportunity for the participant to feel at ease and comfortable with the task at hand.
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Users were asked to both say their answer out loud (i.e. from 1 to 5) and to gaze at their selected
answer on the screen for the eye tracker to detect. When the participant finished one condition,
they were instructed to complete a post-task questionnaire. Finally, the study ended with the
participant taking part in two cognitive tests. The Digit Symbol Substitution Task (DSST)
(National Institute on Aging, 2005) is a paper test administered to the participant and the Operation
Span Test (OSPAN) (Turner & Engle, 1989) was completed on the laptop they used for the online
grocery tasks. Lastly, the participant was asked to read and sign the compensation form and was
given 20§ cash for their participation in the study. In its entirety, the study lasted approximately 1

hour and 30 minutes.

Figure 3: Experimental procedure
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2.3.6 Measures

Millisecond’s Inquisit was used in order to employ the Digit Symbol Substitution Task (DSST), a
cognitive test measuring one’s working memory capacity. Qualtrics was used in order to display

all questionnaires. All questionnaires are shown in appendix B.
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Table 3: Main study constructs and items for objective and subjective measurements

Objective Measurements
Construct Definition Measure Source
Mathematical | “The  ability  to | Percentage of correctly solved math problems during the Operation Span
Ability undertake numerical | OSPAN?test. Task (Engle &
and algebraic Turner, 1989 via
calculation with Inquisit by
fluency and Millisecond,
accuracy”  (Hewitt, Seattle, WA,
1996). USA)
Processing “The  speed  of | DSST*score Digit  Symbol
Speed processing Substitution Test
information and (subset of
interpreting it” Weschler Adult
(Salthouse, 1996). Intelligence
Scale, National
Institute of
Aging)
Working “The amount of | OSPAN score Operation Span
Memory information one can Task (Engle &
Capacity store in their memory Turner, 1989 via
at one time in order to Inquisit by
manipulate this Millisecond,
information” Seattle, WA,
(Baddeley & Hitch, USA)
1974).
Age - Chronological age in years. -
Subjective Measurements
Construct Definition Measure Source
Task “The degree that | Please rate the extent to which you agree or disagree with the | Questionnaire in
Performance | users are able to meet | following statements: Tsai, Chen &
task goals” (Burton- | 1.1have completed my assigned task (selecting quantities of food) | Liu, 2007
Jones and Straub | very effectively.
2006 in Tams, 2022). | 2. T have performed the task (selecting quantities of food) very
well.
3. I have fulfilled the task responsibilities (selecting quantities of
food) very effectively.
Self-Efficacy | “A person’s belief in | To what extent do you agree or disagree with the following Questionnaire in
their  ability  to | statements: Tams, 2022 from
execute  behaviors | 1. I have the ability to be very good at using online grocery | Bandura, 2006;
necessary for | shopping platforms. Compeau &
performance 2. I have the ability to excel at using online grocery shopping | Higgins, 1995;
attainment” platforms. Marakas et al,
(Bandura, 1977). 3. I have the ability to perform very well when using online | 1998
grocery shopping platforms.

3 Operation Span Task

4 Digit Symbol Substitution Test
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2.3.6.1.1 Mathematical Ability

Mathematical ability refers to an individual’s level of proficiency in mental arithmetic, including
the ability to properly estimate and use appropriate strategies to solve an equation (Siegler &
Booth, pp. 197-212 in Campbell, 2005). As shown in table 3, it is measured through the percentage
of correctly solved mathematical problems in the OSPAN task. The Operation Span Task includes
testing on mathematical proficiency, with a focus on short-term memory, due to the mathematical
equations being displayed in a time constraint (Unsworth et al., 2017). It thus renders it a viable
test for both working memory capacity and mathematical ability, which is included as a sub score

of the OSPAN task (Jonsson et al., 2021).

2.3.6.1.2 Cognitive Processes: Processing Speed & Working Memory Capacity

Processing speed refers to the time required to execute cognitive processes (Salthouse, 1996).
Among the common means of measuring this variable is the digit symbol substitution task, or
DSST (Jaeger, 2018). The DSST is a cognitive test consisting of a series of symbols and their
corresponding numbers, where the individual is tasked to match as many numbers with their
associated symbols in empty spaces provided for this exercise in 90 seconds (Rosano et al., 2016).
The digit symbol substitution task is considered a sensitive cognitive testing tool (Chen et al.,
2020) with high retest reliability (Rosano et al., 2016). The more symbols the individual is able to
match with their corresponding digits in the allotted time, the higher is their score, which indicates

an increased processing speed (Jaeger, 2018).

On the other hand, working memory capacity encompasses the “individual differences reflecting
the limited capacity of a person's working memory (...) [of a] cognitive system responsible for
providing access to information required for ongoing cognitive processes” (Wilhelm et al., 2013).
The Operation Span task (OSPAN) is a commonly used cognitive task to measure working
memory capacity (Unsworth et al., 2005). The OSPAN is recognized as a reliable, consistent
(Unsworth et al., 2005) and valid (Conway et al., 2005) testing tool. It consists of a series of
mathematical equations interspersed with sequences of letters, which the individual is asked to
remember in order, all while being interrupted with the aforementioned arithmetic equations

(Turner & Engle, 1989). The more letters the individual is correctly able to remember and the
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higher their percentage of correctly solved mathematical equations results in a higher OSPAN

score, thereby indicating a more elevated working memory capacity (Turner & Engle, 1989).

Age was measured as an experimental selection. It was chronological and measured in years. In
screeners for booking of the study, participants were only accepted if they were between 18 and
35 years of age (younger adults) or 60 years and older (older adults). These age clusters were

predetermined based on literature on cognitive aging.

2.3.6.1.3 Task Performance

Task Performance is defined as the degree that users are able to meet task goals (Burton-Jones and
Straub 2006). In this study, we honed in on the user’s perception of their task performance.

Perceived performance was measured via a validated questionnaire by Tsai, Chen & Liu (2007).

2.3.6.1.4 Self-Efficacy

Since technology self-efficacy is a stable, situation-specific trait (Thatcher & Perrewé, 2002),
participants rated their online grocery shopping self-efficacy before engaging in the online grocery

shopping tasks.

2.3.7 Data Extraction and Analysis

Eye tracking data was exported through SensoMotoric Instruments (SMI) BeGaze, while the SMI
Experiment Center software was used to input the stimuli. Millisecond Inquisit cognitive test
scores and Qualtrics questionnaire scores were extracted and merged into Excel spreadsheets. The
dataset was merged to an n = 32, which was necessary to analyze the entire model at a time via a
Hayes model and also due to the presence of repeated measures. All results were analyzed on IBM
SPSS version 28, by means of a process procedure written by Andrew F. Hayes which was brought

to SPSS on version 4.2 beta.
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2.4. Results

2.4.1 Descriptive statistics

Below are the global descriptive statistics of all of the variables measured in the course of this
study, i.e. working memory capacity (WMC), processing speed (PS), mathematical ability, self-

efficacy, as well as subjective task performance (Subj Perf).

Table 4: Global descriptive statistics

Math Self Subj

;’VMC PS¢  Ability Efficacy :’erf

Means 31.750 59.156 91.459 5.677 5.275

St. Dev. 21.393 13.712 8.412 1.042 1.027

Minimum 3 34 65.33 3.333 3.500

Maximum 75 83 100.00 7.000 7.000
NB:n =32

As shown in table 4, working memory capacity scores ranged from 3 % to 75 % (x = 31.75 %),
whose scores were significantly lower than processing speed scores, which ranged from 34 % to
83 % (X = 59.16 %). Self-efficacy scores ranged from 3.33 to 7 out of 7, with an average of 5.68.

Self-reported task performance scores averaged in at 5.27/7 (min = 3.50/7, max = 7/7).

Table 5: Pearson Correlations of global results

WMC p — valuel PS p — valuel Math p — valuel Self- p — valuetl Subj Perf
Ability Efficacy
WMC 1.000
PS 0.385 0.029 1.000
Math 0.383 0.030 0.117 0.524 1.000
Ability
Self- -0.027 0.884 0.236 0.193 0.115 0.530 1.000
Efficacy
Subj Perf | 0.052 0.778 -0.282 0.118 0.264 0.144 -0.060 0.746 1.000
3> Working Memory Capacity

¢ Processing Speed
7 Subjective Performance



1. Bilateral level of significance

Table 6: Pearson Correlations of younger adults and older adults

35

WMC p — value? PS p — value? Math p — value? Self- p — value? Subj Perf p — value?
Ability Efficacy
WMC 1.000 -0.090 0.749 0.482 0.069 -0.079 0.780 0.051 0.857
PS 0.351 0.167 1.000 0.261 0.347 0.157 0.577 -0.148 0.599
Math 0.410 0.102 0.190 0.465 1.000 0.213 0.445 -0.230 0.410
Ability
Self- -0.396 0.116 -0.405 0.107 0.087 0.740 1.000 -0.196 0.485
Efficacy
Subj 0.212 0.414 -0.189 0.468 0.553 0.021 0.329 0.198 1.000
Perf

1. Lower correlation matrix corresponds to younger participants and upper correlation matrix corresponds to older participants

2. Bilateral level of significance

As noted in tables 5 and 6, working memory capacity was found to be significantly lower

in older adults than in younger adults (p = 0.0327). Processing speed is also significantly

lower in older adults than in younger adults (p = < 0.0001). Self-efficacy scores were higher

in younger adults than in older adults (p = 0.025). Interestingly, self-reported performance

scores were comparable in younger adults and in older adults.

Table 7: Descriptive statistics and

older participants

independent sample U-tests of younger participants and

Younger Older Mann-Whitney test Interpretation
Means Std. Dev. Means Std. Dev. p-value'
Nons=17 Nobs=15
WMC 39.235 22.387 23.267 17.190 Significantly
0.033 different between
younger and older
PS 68.176 10.045 48.933 9.498 Significantly
<0.0001 different between
younger and older
Math Ability 91.059 9.212 91.912 7.700 Not significantly
0.780 differentbetween
younger and older
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Self Efficacy 6.059 0.700 5.244 1.211 Significantly different
0.025 between younger and older
Subj 5.056 1.104 5.523 0.905 Not significantly different
Performance 0.204 between younger and older

1. Bilateral level of significance test of the Mann-Whitney

As shown in table 7, when comparing the younger and older adults, both working memory capacity

and processing speed are significantly different between younger adults and older adults (p = 0.033

for WMC; p =< 0.0001 for PS). For both scores, they are significantly lower for older adults than

for younger adults. Both mathematical ability and subjective task performance are similar among

younger adults and older adults. However, self-efficacy is significantly different among the two,

with younger adults having a significantly higher self-efficacy than older adults (p = 0.025).

2.4.2 Hypothesis testing

Figure 4: Research model results by level of significance

Age

Hl.‘lt
B =-0.4629

R? =0.499

Notes:
*<0.1

Working Memory
Capacity

Processing Speed

% < 0.05 (0.05 - 0.10)

*x < 0.01
wREx < 0.001

B =0.156
Ha**

Online Shopping
Self-Efficacy

HE6** (Subj perf)

R%*=0.1479

Mathematical ability

H3
B =-0.022

B =-0.1698

a =1’ of self-efficacy, mathematical ability & the interaction of the two

b = r? only for the interaction

B =0.039 l

_ 5
H5

Performance on
Shopping Tasks

R?=0.125%

Figure 4 depicts the results also shown in table 8, which will be presented below. Please note that all p-
values are divided by two, as directionality was stated in advance.

Table 8: Results from Hypothesis Tests
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Hypotheses R? coeff p-value Interpretation
HI Age negatively impacts processing 0.4993 -0.4629 0.00 Supported
speed scores.
H2 Age negatively impacts working 0.1738 -0.426 0.0176 Supported
memory capacity scores.
H3 Processing speed scores positively 0.1479 (PS & | -0.0221 0.8475 Not supported
. . " WMC)
impact mathematical ability scores.
H4 Working memory capacity scores 0.1479 (PS & | 0.1561 0.0412 Supported
» . ) e | WMO)
positively impact mathematical ability
scores.
H5 | Mathematical ability positively affects ?&2803151 (MA 1 -0.1698 0.0981 Not supported
self-reported performance on shopping ‘E)
tasks.
H6 | Self-efficacy positively moderates the %2803131) (MA 1 0.039 0.0453 Supported

relationship  between  mathematical
ability and self-reported performance on
shopping tasks.

As shown in table 8, age has a very significant negative impact on processing speed (p = 0.00).
Therefore, the older one gets, the lesser their processing speed and in a very significant way. This
shows support for H1. Age also has a significant negative impact on working memory capacity (p
=10.0176). In other words, the older one gets, the lesser their working memory capacity. Therefore,
there is support for H2. Processing speed does not have an effect on mathematical ability scores
(p = 0.8475), thus making H3 unsupported. However, working memory capacity does have a
positive effect on mathematical ability (p = 0.0412). This shows support for H4.

Interestingly, while it was hypothesized that mathematical ability would positively influence
performance scores on online grocery shopping tasks, mathematical ability was instead found to
have a negative effect on participants’ perceived performance (p = 0.0981, r° = -0.1698). HS5 is
therefore not supported, as the predicted direction was not demonstrated in the results. In other
words, when a participant’s mathematical ability was 1 score lower, he or she rated their

performance as 0.1698 points higher
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(out of 7) after having completed the online grocery shopping task. Finally, self-efficacy was found
to moderate the relationship between mathematical ability and perceived performance (p =0.0453,

7?2 =0.039) (H6 supported).
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2.5. Discussion

2.5.1 Results overview

Results show that as expected, older adults have significantly lower processing speed and working
memory capacity than younger adults. Their self-efficacy scores are also lower than their younger
peers. However, mathematical ability and online grocery shopping performance were

comparatively similar.

Additionally, our results confirm that age does have a significant and negative impact on both
processing speed and working memory capacity, two cognitive processes involved in learning and
mathematics, among others. This shows support for hypothesis 1 and 2. However, only working
memory capacity showed to have an impact on mathematical ability, which is required for mental
calculations often used in online grocery shopping. As such, hypothesis 3 is unsupported and
hypothesis 4 is supported. Interestingly, those with a high mathematical ability were found to rate
their performance on online grocery tasks as lower and vice versa. This renders hypothesis 5 as
unsupported, though it is significant in the opposite direction than predicted. Additionally, self-
efficacy, the degree of confidence in one’s ability to perform well, somewhat strengthened the
relationship between mathematical ability and online grocery task performance. Hypothesis 6 thus

shows support.

2.5.2 Discussion

Our results show that age has a significant and direct impact on both working memory capacity
and processing speed. This is consistent with previous findings (for example, Hertzog et al., 2003;
Salthouse, 2000). In other words, the older an individual, the more likely they have difficulty
manipulating and treating short-term information, and the more likely they are to process
information more slowly. Working memory capacity was found to have a direct impact on
mathematical ability, which is congruent with previous findings. Previous studies have shown this

cognitive capacity is intimately tied to complex mathematics (Turner & Engle, 1989). However,
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processing speed was not found to affect mathematical ability. This opposes much literature that
explains that processing speed is linked to arithmetic ability in the aging process (Rozencwajg et

al., 2010; Salthouse & Coon, 1994).

A higher mathematical ability intuitively would lead one to believe that one’s performance in tasks
with mathematics would be higher. Surprisingly, our results show that stronger mathematical
ability leads users to predict a lower perceived performance, when scored in a questionnaire. While
this does not align with the literature presented, it does align with Daniel Kahneman’s ideas in
which the “system 27, the analytical function of the brain which processes challenging tasks
associated with increased mental effort, is also tied with negative emotions such as suspicion and
vigilance (2011). This can lead individuals to rate themselves poorly when faced with effortful
tasks, even when capable. Our results consistently show that the online grocery shopping
experience has more to do with perception and feeling rather than actual performance. It would be
pertinent to further explore influences of feelings and attitudes, such as mathematical anxiety and

perceptions of cognitive abilities.

It was previously explained that research showed that high self-efficacy scores — in other words, a
high belief that a person will achieve their goals — led individuals to overestimate their performance
(Schreder et al., 2013). Our results found that in the online grocery shopping context, younger
adults did show higher self-efficacy scores than older adults. However, despite rating themselves
as more confident in their abilities to successfully maximize their grocery budgets, they did not
perform significantly better than older adults. Self-efficacy is found to motivate users to make
greater efforts in their tasks (Tams, 2022). While older adults’ performance has been similar to
younger adults in the context of this study, their self-efficacy scores are significantly lower than
younger adults. This is consistent with results on older adults’ self-efficacy for internet use and
technology in general (Cjaza et al., 2006). This is important, as their confidence in their ability to
successfully shop for groceries online has been previously reported to increase their efforts in
successfully completing their online tasks (Tams, 2022). Finally, self-efficacy appears to
strengthen the link between mathematical ability and perceived online grocery shopping
performance. Therefore, if one has poor self-efficacy, high mathematical ability will further

decrease perceived performance on online grocery shopping tasks.
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2.5.3 Theoretical Contributions

This study added to the available research on older adults and online grocery shopping, where
literature is still relatively limited. Specifically, the impact of mathematical ability and natural
cognitive changes in aging on the online grocery shopping experience has not often been studied.
This study revealed that when considering age in an online grocery shopping context, users who
have the most mathematical ability perceived their performance to be worse and vice versa. This
interesting result may be due to a variety of factors, such as potential mathematical anxiety and
should be further explored. Working memory capacity has also been found to further impact the
experience of online grocery shopping much more significantly than users’ processing speed,

suggesting that this variable may be more significant in the online grocery shopping context.

2.5.4 Managerial Implications

It is known that online shopping that is difficult to use impacts a consumer’s probability to use the
platform and that online grocery shopping is known to be particularly difficult to use (Freeman,
2009). When a website or an online grocery shopping platform is complex, it makes it difficult for
users to reach their goals. Being able to have a consistent, easy to use platform where it is as simple

as possible to reach performance goals is key.

Several recommendations have been offered by authors in supporting older adults in their learning,
adoption and regular use of technologies in general, which are linked to results from this study.
For instance, Jones and Bayen (1998) recommend “break[ing] up instruction into small units with
specific goals and relat[ing] new information to older adults’ existing knowledge” (in Haeggens,
2012). Since older adults’ online grocery shopping experience is particularly linked to working
memory capacity, segmenting tasks into smaller ones would be helpful, such as the visualization
of quantities of a weighted product or comparisons of other similar offerings. The authors also
recommend acquainting older users with help features (Jones and Bayen in Haeggens, 2012),

which not all online grocery websites have. This would also be helpful when implementing ideas
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which may be new to older adults, such as shopping from an event list (ex. “Recommended foods
for the Holidays™) or more common difficulties such as scheduling deliveries online. Finally,
Gorski (2005) asks for equitable access to technologies for older adults. This aligns with both the
literature and the results of this study, where older adults do not appear to be as involved in ideation

sessions and usability testing as younger adults are (Haire & Miller, 2020).

This study highlights the need for clearer visual and mental representations in order to reduce the
strain on working memory capacity. As previously discussed, new stimuli, such as online grocery
platforms and the way their information is displayed, must be treated and understood before the
information is crystallized and stored in one’s long-term memory. One way of reducing this strain
is by automating processes (Pak et al., 2016). In other words, offering users visual and mental
representations on screen (for example by offering quantity/price estimators for bulk foods, or
showing visuals of the size of a bag of produce) and allowing recovery from potential mistakes,

would make the interface simpler for older users as well as younger users (Pak et al., 2016).

2.5.5 Limitations

While the Digit Symbol Substitution Task (DSST) is a classic pencil and paper cognitive task
known to assess an individual’s processing speed, the person’s motor function is also inadvertently
tested, due to older adults’ natural decrease in motor rapidity (Ebaid & Crewther, 2020). This is a
limitation of this study, as results may have inadvertently captured both changes in cognitive
ability and motor rapidity. While it is difficult to isolate processing speed, running this test on the

computer may be a consideration for future studies.

Additionally, most participants were active users of the Internet and of technology in general. This
was not controlled when recruiting participants, due to the difficulty of recruiting older participants
without an external recruitment firm. However, it may not reflect the reality of the average older
adult, especially those in their seventies and above. The level of education was also not controlled,
which may have impacted the mathematical ability scores obtained. Thus, this may be a sampling
error as it is not representative of the overall population if there is an overrepresentation of highly

educated individuals who are active users of technologies.
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Participants were presented with a single context, which was to maximize the amount of food they
can purchase with a given budget. However, this is unlikely to be a reality for all users, but was
kept this way in order to be able to more readily standardize and interpret results. Next, participants
were asked to select quantities of 1 item per selection, which is not a realistic scenario, but was
purposefully done in order to be able to have only 1 correct answer to analyze performance results.
It would be pertinent to recreate a more realistic scenario with multiple food selections (e.g.
grocery list) for a given budget. According to Freeman (2009), a portion of the complexity of
online grocery shopping pertains to the multiple options of a same item, substitutions of items

when out of stock or at a high price point or multiple options of a same item.

Next, this researcher met with many participants in their home environment. While this increases
external validity as well as ecological validity, it does reduce internal validity. Further testing in a

controlled environment may thus be pertinent.

Additionally, this study did not run tests on an actual online grocery shopping website and thus
could not replicate an authentic online grocery shopping experience. This was a conscious choice,
to remove the influence of branding and attitude towards grocers, among others, in order to focus
on the numerical information presented on an online grocery shopping page. This would be

remedied by doing further tests on actual online grocery shopping platforms.

Finally, due to the dataset needing to be condensed due to repeated measures, there is a loss of
statistical power while analyzing the research model. Additionally, there were 32 participants,
which is a low number of participants, particularly if we wish to generalize the results. Further
studies with larger sample sizes would help with this limitation and increase the power of the

statistical tests when results are analyzed.
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2.6. Conclusion

In an aging society that is steadily becoming more digital, online grocery shopping has and
continues to experience growth since its introduction to the market. The global Covid-19 pandemic
accelerated online grocery shopping use for many, when it was necessary to continue to purchase
essential goods such as food in a context that minimized person-to-person contact. The goal of

this thesis was to examine the interplay of users of different ages and their interactions with online

grocery shopping.

Specifically, the aim of this study was to better understand how and under what conditions aging
affects online grocery shopping performance. This study concentrated on numerical information
and mental calculations, which are frequent during an online grocery shopping experience. While
mathematical ability and changes in one’s working memory capacity appeared to impact the online
grocery shopping experience, this should not be the case. A website should be usable and
accessible to all age groups, all abilities and streamline the page to quickly show essential
information. Those with lesser mathematical ability feel they struggle more and we must consider
that older adults already face significantly more barriers in obtaining goods and using technologies
than younger adults. If perceived performance is impacted by both mathematical ability and low
self-efficacy, how can we boost users’ confidence in their performance to effectively reach their
own performance markers, whether they be saving money or obtaining the exact quantity of foods
for a recipe? Would some uncertainty in information provided by simplifiers such as estimators
provide enough advantages to increase users’ confidence to use online grocery platforms more

frequently?



45

2.7. References

Arguello, J. & Choi, B. (2019). The Effects of Working Memory, Perceptual Speed, and Inhibition in Aggregated Search.
ACM Transactions on Information Systems. 37. 1-34. 10.1145/3322128.

Atkinson, R. C., & Shiffrin, R. M. (1968). Chapter: Human memory: A proposed system and its control processes. In
Spence, K. W., & Spence, J. T. The psychology of learning and motivation (Volume 2). New York: Academic Press.
pp- 89-195.

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review, 84(2), 191.
https://doi.org/10.1037/0033-295X.84.2.191

Baddeley, A. D., & Hitch, G. (1974). Working memory. In G.H. Bower (Ed.), The psychology of learning and motivation:
Advances in research and theory (Vol. 8, pp. 47-89). New York: Academic Press.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ: Prentice-
Hall.

Bandura, A. (1997). Self-Efficacy: The exercise of control. New York, NY: W. H. Freeman.

Bezirgani, A., & Lachapelle, U. (2021a). Online grocery shopping for the elderly in Quebec, Canada: The role of mobility
impediments and past online shopping experience. Travel Behaviour and Society, 25, 133-143.
https://doi.org/10.1016/j.tbs.2021.07.001

Bezirgani, A., & Lachapelle, U. (2021b). Qualitative Study on Factors Influencing Aging Population’s Online Grocery
Shopping and Mode Choice When Grocery Shopping in Person. Transportation Research Record, 2675(1), 79-92.
https://doi.org/10.1177/0361198120964790

Burton-Jones, A., and Straub Jr., D. W. 2006. “Reconceptualizing System Usage: An Approach and Empirical Test,”
Information Systems Research, 77(3), 228-246. 10.1287/isre.1060.0096

Campbell, J. (2005). Handbook of Mathematical Cognition. Psychology Press.

Chen, X., Hu, N., Wang, Y., & Gao, X. (2020). Validation of a brain-computer interface version of the digit symbol
substitution test in healthy subjects. Computers in Biology and Medicine, 120, 103729.
https://doi.org/10.1016/j.compbiomed.2020.103729

Conway, A. R., Kane, M. J., Bunting, M. F., Hambrick, D. Z., Wilhelm, O. & Engle, R. W. (2005). Working memory span
tasks: A methodological review and user’s guide. Psychonomic Bulletin & Review, 12(5), 769-786. https://link-
springer-com.proxy2.hec.ca/content/pdf/10.3758/BF03196772.pdf

Cragg, L., Richardson, S., Hubber, P. J., Keeble, S., & Gilmore, C. (2017). When is working memory important for
arithmetic? The impact of  strategy and age. PLoS ONE, 12(12), e0188693.
https://doi.org/10.1371/journal.pone.0188693

Czaja, S. J., Charness, N., Fisk, A. D., Hertzog, C., Nair, S. N., Rogers, W. A., & Sharit, J. (2006). Factors Predicting the
Use of Technology: Findings From the Center for Research and Education on Aging and Technology Enhancement
(CREATE). Psychology and Aging, 21(2), 333-352. https://doi.org/10.1037/0882-7974.21.2.333

De Guinea, A. O., Titah, R., & Léger, P.-M. (2014). Explicit and Implicit Antecedents of Users’ Behavioral Beliefs in
Information Systems: A Neuropsychological Investigation. Journal of Management Information Systems, 30(4),
179-210. https://doi.org/10.2753/M1S0742-1222300407

Del Missier, F., Méntyl4, T., Hansson, P., Bruine de Bruin, W., Parker, A. M., & Nilsson, L.-G. (2013). The multifold
relationship between memory and decision making: An individual-differences study. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 39(5), 1344-1364. https://doi-
org.proxy2.hec.ca/10.1037/a0032379

Desrochers, C., Léger, P.-M., & Sénécal, S. (2015). The Influence of Product Type, Mathematical Complexity, and Visual
Attention on the Attitude toward the Website: The Case of Online Grocery Shopping. 5.

Ebaid, D. & Crewther, S. G. (2020). Time for a Systems Biological Approach to Cognitive Aging? — A Critical Review.
Frontiers in Aging Neuroscience, 12. https://www.frontiersin.org/articles/10.3389/fnagi.2020.00114

Freeman, M. (2009). Experiences of Users from Online Grocery Stores (pp. 139—160). https://doi.org/10.1007/978-1-
84800-207-4_7

Galley, N., Betz, D. & Biniossek, C. (2015). Fixation durations - Why are they so highly variable?
https://www.researchgate.net/publication/296906377 Fixation_durations - Why are they so highly variable

Garcia, K. (2018), Don’t Count out Older Grocery Shoppers. Insider  Intelligence.
https://www.insiderintelligence.com/content/don-t-count-out-older-grocery-shoppers



46

Gatewood, R. D., Perloff, R. & Perloff, D. (2000). Chapter 20 - Testing and Industrial Application. Handbook of
Psychological Assessment (Third Edition), Pp- 505-525. https://www-sciencedirect-
com.proxy2.hec.ca/science/article/abs/pii/B9780080436456500987

Giroux-Huppé, C., Sénécal, S. & Léger, P.-M. (2019). Impact d’une expérience psychophysiologique négative sur la
satisfaction des consommateurs dans un contexte d’épicerie en ligne.
https://biblos.hec.ca/biblio/memoires/m2019a612938.pdf#page=29

Goldman, J. (2020). (More) digital trends for 2021: The future of grocery is digital. Insider Intelligence.
https://www.insiderintelligence.com/content/more-digital-trends-202 1 -future-of-grocery-digital

Gorski, P. (2005). Multicultural education and the internet. New York: McGraw-Hill.

Heaggans, R. C. (2012). The 60’s are the new 20’s: Teaching older adults technology. SRATE Journal, 21(2).

Hanus, G. (2016). Consumer Behaviour During Online Grocery Shopping. CBU International Conference Proceedings, 4,
010-013. https://doi.org/10.12955/cbup.v4.737

Hayes, A. F. (2022). Introduction to mediation, moderation, and conditional process analysis: A regression-based
approach (3rd edition). New York: The Guilford Press.

Hertzog, C., Dixon, R. A., Hultsch, D. F., & MacDonald, S. W. S. (2003). Latent Change Models of Adult Cognition: Are
Changes in Processing Speed and Working Memory Associated With Changes in Episodic Memory? Psychology
and Aging, 18(4), 755-769. https://doi-org.proxy2.hec.ca/10.1037/0882-7974.18.4.755

Horning, S. & Davis, H.P. (2012). Aging and Cognition. Encyclopedia of Human Behavior (Second Edition). https://www-
sciencedirect-com.proxy2.hec.ca/topics/psychology/processing-speed

Huang, D. L., Rosenberg, D. E., Simonovich, S. D., & Belza, B. (2012). Food Access Patterns and Barriers among Midlife
and Older Adults with Mobility Disabilities. Journal of Aging Research, 2012, 231489.
https://doi.org/10.1155/2012/231489

International Food Information Council. (2018, July 25). Survey Finds That Few Older Americans Grocery-Shop Online,
But Lowering Hurdles Could Sway Many Online Shoppers Eager for Food Information, But Often Come Up Empty.
Food Insight. Retrieved from https://foodinsight.org/wp-content/uploads/2018/07/Online-shopping-press-release-
FINALI1.pdf

Jaeger, J. (2018). Digit Symbol Substitution Test. Journal of Clinical Psychopharmacology, 38(5), 513-519.
https://doi.org/10.1097/JCP.000000000000094 1

Jonsson, B., Mossegard, J., Lithner, J., & Karlsson Wirebring, L. (2022). Creative Mathematical Reasoning: Does Need for
Cognition Matter? Frontiers in Psychology, 12, 797807. https://doi.org/10.3389/fpsyg.2021.797807

Kahneman, D. (2011). Thinking, fast and slow. Farrar, Straus and Giroux.

Kane, L. (2019). Usability for Seniors: Challenges and Changes. Nielsen Norman Group.
https://www.nngroup.com/articles/usability-for-senior-citizens/

Kim, S., & Hasher, L. (2005). The attraction effect in decision making: Superior performance by older adults. Quarterly
Journal of Experimental Psychology Section A-Human Experimental Psychology, 58(1), 120-133.
https://doi.org/10.1080/02724980443000160

Kovalenko, A. (2021). Older Adults Shopping Online: A Fad or a Trend (pp. 67-80). https://doi.org/10.51432/978-1-
8381524-8-2_5

Lambert, K., & Spinath, B. (2018). Conservation Abilities, Visuospatial Skills, and Numerosity Processing Speed:
Association With Math Achievement and Math Difficulties in Elementary School Children. Journal of Learning
Disabilities, 51(3), 223-235. https://doi.org/10.1177/0022219417690354

Lebow, S. (2021). Worldwide ecommerce continues double digit growth following pandemic push to online. Insider
Intelligence. https://www.insiderintelligence.com/content/worldwide-ecommerce-continues-double-digit-growth-
following-pandemic-push-online

Lemaire, P., & Arnaud, L. (2008). Young and Older Adults’ Strategies in Complex Arithmetic. The American Journal of
Psychology, 121(1), 1-16. https://doi.org/10.2307/20445440

Lesakova, D. (2016). Seniors and Their Food Shopping Behavior: An Empirical Analysis. Procedia - Social and Behavioral
Sciences, 220, 243-250. https://doi.org/10.1016/j.sbspro.2016.05.496

Lutz, S., & Huitt, W. (2003). Information Processing and Memory: Theory and Applications. Educational Psychology
Interactive.

Mathot, S. (2018). Pupillometry: Psychology, Physiology, and Function. Journal of Cognition, 1(1), 16.
https://doi.org/10.5334/joc.18

Morganosky, M., & Cude, B. (2000). Consumer Response to Online Grocery Shopping. International Journal of Retail &
Distribution Management, 28, 17-26. https://doi.org/10.1108/09590550010306737



47

National Institute on Aging (2005). Digit Symbol Substitution Test.

Pak, R., McLaughlin, A. C., Leidheiser, W., & Rovira, E. (2017). The effect of individual differences in working memory
in older adults on performance with different degrees of automated technology. Ergonomics, 60(4), 518-532.
https://doi.org/10.1080/00140139.2016.1189599

Palmer, F., Jung, S. E., Shahan, M. K., & Ellis, A. (2021). Understanding How the COVID-19 Pandemic Influenced Older
Adults” Grocery Shopping Habits. Journal of Nutrition Education and Behavior, 53(7), S54-S55.
https://doi.org/10.1016/j.jneb.2021.04.125

Park, D.C., Lautenschlager, G., Hedden, T., Davidson, N.S., Smith, A.D., Smith, P.K. Models of visuospatial and verbal
memory across the adult life span. Psychol Aging. 17(2), 299-320. PMID: 12061414.

Piquado, T., Isaacowitz, D. & Wingfield, A. (2010). Pupillometry as a measure of cognitive effort in younger and older
adults. Psychophysiology, 47(3), 560-9. 10.1111/j.1469-8986.2009.00947.x

Public Health Agency of Canada. (2021). Aging and chronic diseases: A profile of Canadian seniors [Education and
awareness). https://www.canada.ca/en/public-health/services/publications/diseases-conditions/aging-chronic-
diseases-profile-canadian-seniors-report.html

Rosano, C., Perera, S., Inzitari, M., Newman, A. B., Longstreth, W. T., & Studenski, S. (2016). Digit Symbol Substitution
test and future clinical and subclinical disorders of cognition, mobility and mood in older adults. Age and Ageing,
45(5), 688—695. https://doi.org/10.1093/ageing/afw116
Rozencwajg, P., Schaeffer, O., & Lefebvre, V. (2010). Arithmetic and aging: Impact of quantitative knowledge and
processing speed. Learning and Individual Differences, 20(5), 452—458. https://doi.org/10.1016/;.1indif.2010.04.009

Salthouse, T. A. (2000). Aging and measures of processing speed. Biological Psychology, 54(1), 35-54.

https://doi.org/10.1016/S0301-0511(00)00052-1
Salthouse, T. A. (1996). The processing-speed theory of adult age differences in cognition. Psychological Review, 103(3),

403. https://doi.org/10.1037/0033-295X.103.3.403

Salthouse, T.A., & Coon, V.E. (1994). Interpretation of differential deficits: The case of aging and mental arithmetic.
Journal of Experimental Psychology. Learning, Memory, and Cognition, 20-5, 1172-1182.

Schreder, G.; Smuc, M.; Siebenhandl, K.; Mayr, E. (2013) Age and Computer Self-Efficacy in the Use of Digital
Technologies: An Investigation of Prototypes for Public Self-Service Terminals. Universal Access in Human-
Computer Interaction. User and Context Diversity 221-230.

Shen, H., Namdarpour, F., Lin, J. (2022). Investigation of online grocery shopping and delivery preference before, during,
and after COVID-19. Transportation  Research  Interdisciplinary  Perspectives, 14, 100580.
https://doi.org/10.1016/j.trip.2022.100580

Sjolinder, M., Hodk, K., & Nilsson, L. G. (2000). Age difference in the use of an on-line grocery shop: Implications for
design. CHI 00 Extended Abstracts on Human Factors in Computing Systems, 135-136.
https://doi.org/10.1145/633292.633369

Sjolinder, M., Hook, K., & Nilsson, L.-G. (2003). The Effect of Age-Related Cognitive Differences, Task Complexity and
Prior Internet Experience in the Use of an On-line Grocery Shop. Spatial Cognition & Computation, 3(1), 61-84.
https://doi.org/10.1207/S15427633SCC0301_4

Statistics Canada (2023). Older adults and population aging statistics. https://www.statcan.gc.ca/en/subjects-
start/older_adults_and population_aging

Tams, S. (2022). Helping Older Workers Realize Their Full Organizational Potential: A Moderated Mediation Model of
age and IT-Enabled Task Performance. MIS Quarterly, 46. 10.25300/M1SQ/2022/16359

Thatcher, J. B., & Perrewé, P. L. (2002). An Empirical Examination of Individual Traits as Antecedents to Computer
Anxiety and Computer Self-Efficacy. MIS Quarterly, 26(4), 381-396. https://doi.org/10.2307/4132314

Tsai, W., Chen, C., and Liu, H. (2007). Test of a model linking employee positive moods and task performance, Journal of
Applied Psychology, 92(6), 1570-1583.

Turner, M. L., & Engle, R. W. (1989). Is working memory capacity task dependent? Journal of Memory and Language,
28(2), 127-154. https://doi.org/10.1016/0749-596X(89)90040-5

University of California San Francisco (n.d.). Memory. https://memory.ucsf.edu/symptoms/memory

Unsworth, N., Heitz, R. P., Schrock, J. C. & Engle, R. W. (2005). An automated version of the operation span task. Behavior
Research Methods, 37(3), 498-505. https://link-springer-com.proxy?2.hec.ca/article/10.3758/bf03192720

Verhaeghen, P., Geigerman, S., Yang, H., Montoya, A. C., & Rahnev, D. (2019). Resolving Age-Related Differences in
Working Memory: Equating Perception And Attention Makes Older Adults Remember As Well As Younger Adults.
Experimental Aging Research, 45(2), 120—134. https://doi.org/10.1080/0361073X.2019.1586120



48

Wilhelm, O., Hildebrandt, A., & Oberauer, K. (2013). What is working memory capacity, and how can we measure it?
Frontiers in Psychology, 4. https://www .frontiersin.org/articles/10.3389/fpsyg.2013.00433

World Health Organization. (2021). Ageing and health. Retrieved February 3, 2022, from https://www.who.int/news-
room/fact-sheets/detail/ageing-and-health

Yuen, M. (2023). Digital grocery will be a 8243 billion market in the US by 2025: Here are the stats and trends you need
to know. Insider Intelligence. https://www.insiderintelligence.com/insights/digital-grocery-industry/

Zeithaml, V. A., & Fuerst, W. L. (1983). Age Differences in Response to Grocery Store Price Information. The Journal of
Consumer Affairs, 17(2), 402-420.



49

3. Article 2

Grappling with grocery shopping online: are older users
disadvantaged in their experience?

Maya Saric, Constantinos Coursaris, Stefan Tams

Tech3Lab, HEC Montréal, Montréal, Canada

Abstract

We live in a world that is both becoming increasingly digital and whose global population is aging,
with older adults living longer and the proportion of older adults steadily increasing. With natural
changes in aging come natural age-related cognitive changes, which increase cognitive load. In
tandem, daily essentials such as online grocery shopping become more difficult with age. The
purpose of this study is to understand how and in what ways age affects online grocery shopping
performance. Our results found that age was found to negatively impact cognitive load.
Additionally, cognitive load was found to negatively impact performance on online grocery
shopping tasks, and online shopping self-efficacy proved to moderate the aforementioned

relationship. Theoretical and managerial implications are explored.

Keywords: online grocery shopping, aging, user experience, cognitive load, self-efficacy,

arithmetic complexity
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3.1 Introduction

We live in a world where the percentage of adults 60 and over is estimated to nearly double from
2015 to 2050 (WHO, 2021), where life expectancy in a country such as Canada is showing
continued upwards trends (Public Health Agency of Canada, 2021). Canada alone had over 7

million older adults in 2021 and this number continues to rise (Statistics Canada, 2023).

Natural cognitive changes take place when aging. Among others, older adults’ time taken to
process new information is longer and their ability to retain and manipulate new information is
lesser than for younger adults (Rozencwajg et al., 2010; University of California San Francisco,
n.d.). These factors make it more likely that older adults’ cognitive load will be exerted than

younger adults, when presented with novel online tasks (Granholm et al., 1996).

Jointly, for users of all ages, there is a clear need to be able to quickly and easily obtain daily goods
such as groceries. Older adults face additional hurdles in obtaining these essentials, such as
challenges with transportation (Huang et al., 2012), reduced mobility (Huang et al., 2012) and
worry of the pandemic (Palmer et al., 2021). However, while online grocery shopping was not
commonly used by older adults prior to the pandemic, (Gavin, 2020 in Kovalenko, 2020;
International Food Information Council Foundation, 2018), the pandemic has fuelled demand for
online shopping (Lebow, 2021), including online grocery shopping (Goldman, 2021; Yuen, 2023).
Predictably, younger adults have been using online shopping more than older adults, but this
generational gap is lessening with time (Garcia, 2018). Also, older adults who have tried shopping
online for groceries during the pandemic are more likely to continue using online grocery shopping

afterwards (Shen, Namdarpour & Lin, 2022).

However, while older adults appear to be curious about shopping for groceries online, they face
more challenges in doing so than younger adults. For instance, older adults take longer to complete

their online grocery orders (Sjolinder, Hook & Nilsson, 2000) and it takes them significantly more
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time in using the interfaces before they feel comfortable with the process of ordering groceries

online (Haire & Miller, 2020).

Older adults have different design needs than many younger adults (Kane, 2019), though many
digital platforms, such as online grocery shopping, do not always take into account older adults’
specific needs. Older adults also appear to be less consulted by interface designers during the
implementation of the interfaces, even when trends show that there is an interest (Haire & Miller,
2020). All in all, older adults face more challenges than many younger adults in using online

grocery shopping platforms (Haire & Miller, 2020).

Incidentally, for both younger and older adults, shopping for groceries online has been shown to
be more challenging than other types of online purchases due to its arithmetic complexity
(Desrochers et al., 2015; Desrochers et al., 2019). There is a gap in the literature with regards to
understanding how aging affects online grocery shopping performance, particularly when

considering the impact of arithmetic complexity (Desrochers et al., 2015; Desrochers et al., 2019).

Older adults are documented to have an increased cognitive load using digital interfaces compared
to younger adults and arithmetic complexity adds additional difficulty to online grocery shopping
as compared to other types of online shopping (Desrochers et al., 2015), while online grocery
adoption is on the rise (Yuen, 2023). Additionally, older adults have used technologies such as
online grocery shopping less frequently than younger adults, leading to a lower digital self-efficacy

(Czaja et al., 2006). Therefore, we propose the following research question:

RQ: In what manner and under what conditions does age affect online grocery shopping

performance?
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3.2 Literature Review and Hypotheses

3.2.1 Age and Cognitive Load

When one engages with a very challenging task, their cognitive resources are overexerted (Sweller,
1988). In a moderately challenging but novel task, a person’s cognitive resources can be more fully
focused on the task at hand and on learning how to organize and solve the problem (Chandler &
Sweller, 1991). This process is known as schema development and is common in academic
settings, for example (Chandler & Sweller, 1991). An optimal level of difficulty— not too low nor
too high— is ideal, in order to stimulate the learner but not overexert them (Van Gerven et al.,

2002).

Sweller’s Cognitive load theory explains that a limited amount of information can be stored at
once in one’s working memory (1988). Thus, when a level of cognitive effort is too great, cognitive

load is increased, thereby decreasing task performance (Sweller, 1988).

In children and younger adults, individuals are at their peak in absorbing and processing new
information (Van Gerven et al., 2002). However, as we get older, natural age-related cognitive
changes lead to an increased difficulty in learning new material (Van Gerven, Paas, Van
Merrinboer & Schmidt, 2002). However, the way the task and the information is presented leads
to an opportunity to either increase or decrease a person’s ability to perform in said task, by either
increasing or decreasing their cognitive load (Van Gerven, Paas, Van Merrinboer & Schmidt,
2002). Due to older adults’ limited processing speed by virtue of natural changes in aging,
cognitive load becomes an important factor in information processing. A natural decline in
working memory capacity is also found to impact older adults’ propensity to increased cognitive

load (Granholm et al., 1996).

Given the following theoretical foundations, we propose the following hypotheses to answer our

research question:
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H1: Age negatively affects cognitive load.

3.2.2 Arithmetic Complexity

Arithmetic complexity refers to the level of difficulty of any calculation (Campbell, 2005). For
example, a 1 by 1 digit multiplication, such as 2 x 2 =4, is considered easier than a two-by-two
digit multiplication, such as 52 x 12 = 624, where the latter has multiple steps involved (Bisanz,

Sherman, Rasmussen & Ho [pp. 143-162] in Campbell, 2005; Fuson & Kwon, 1992).

Arithmetic development begins in youth as children are introduced to the concept of numbers and
counting and continues into young adulthood (Avcil & Artemenko, 2023). Children must be taught
to understand mental representation of quantities and “the more complex arithmetic becomes, the
more elaborate the mental representations become. There is less reliance on the [real world] and
more use of increasingly complex mental schemas, allowing individuals to learn increasingly
challenging mathematics” (Fias & Fischer [pp. 43-54] in Campbell, 2005). For example, once a
child masters calculations involving integers, the concept of decimals can be introduced (Iuculano
& Butterworth, 2011). An accumulation of mathematical knowledge and a peak in higher levels
of thinking and reasoning, as well as cognitive abilities required to engage in mathematics,
facilitates mastery of mathematics and arithmetic, which naturally increases in children through to
young adulthood (Avcil & Artemenko, 2023). Many processes of arithmetic capacity decline with

age, when one’s cognitive capacities naturally begin to decline (Avcil & Artemenko, 2023).

A simple or low complexity arithmetic calculation becomes automatic and easily retrievable from
one’s long-term memory (Lemaire & Arnaud, 2008). The tactic required to solve the problem,
when also simple and learned young, becomes easily retrievable for both the young and the old
(for example, borrowing units when calculating a multi-digit addition) (Lemaire & Arnaud, 2008).
Therefore, performance on simple arithmetic tasks is found to be relatively similar among the
younger and the older (Lemaire & Arnaud, 2008). However, when the complexity of the arithmetic
tasks increases, older adults present more difficulty and a lower performance score than younger

adults (Lemaire & Arnaud, 2008; Rozencwajg et al., 2010). Older adults are also less inclined to
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use as many mathematical problem-solving strategies compared to their younger counterparts

(Lemaire & Arnaud, 2008).

A complex mathematical problem requires involvement of fluid intelligence (Primi et al., 2010).
Fluid intelligence “refers to mental operations that an individual may use when faced with a
relatively novel task that cannot be performed automatically. These mental operations may include
forming and recognizing concepts, drawing inferences [and] problem solving” (Flanagan et al.,
2000 in Kent, 2017). However, in normal aging, one’s fluid intelligence is negatively affected,
which particularly impacts older adults’ performance in arithmetic problem-solving (Rozencwajg

etal., 2010).

Thus, the following hypothesis is proposed involving arithmetic complexity:

H2: Arithmetic complexity positively moderates the relationship between age and cognitive load.

3.2.3 Age & Online Grocery Shopping

In a traditional grocery shopping experience, individuals browse through aisles, being able to pick
up foods such as a loaf of bread. In an online grocery shopping experience, an individual browses
a virtual bakery aisle, but must access all information on their screens (Benn et al., 2015). Already
that the online grocery shopping experience is different, online grocery shopping behavior is not
the same for older adults (Lesakova, 2016). They have used online grocery shopping less than
younger adults (Bezirgani & Lachapelle, 2021; Hanus, 2016), they spend more time selecting an
item (Lesakova, 2016; Sjolinder et al., 2000) and their attitudes towards online grocery shopping
appear to be less positive than younger adults, particularly because of their lack of previous

exposure to OGS (Bezirgani & Lachapelle, 2021).

Online grocery shopping, as compared to many other types of online shopping such as clothing
retail, is considered more complex (Desrochers et al., 2019) and thus more cognitively demanding
(Desrochers et al., 2015). There are numerous options of the same product, items are priced per

product or per weight, there are considerations in how much product to subtract if the individual
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has some of the desired foods at home and there are frequent combinable discounts (Desrochers et
al., 2019). All of these factors contribute to increasing the arithmetic complexity of the online
grocery shopping experience (Desrochers et al., 2019). There also appears to be a general
consensus that literature is lacking with regards to older adults and their online grocery shopping
experience (Bezirgani & Lachapelle, 2021), particularly when exploring arithmetic complexity

(Desrochers et al., 2015).

3.2.4 Age & Task Performance

Task Performance is defined as the degree that users are able to meet task goals (Burton-Jones and
Straub 2006). It is understood that aging affects technology task performance (Tams, 2022),
though there are few studies focusing on the particularities of age-related changes on technology

use (Tams, 2022).

Interestingly, for online grocery shopping, past results have proposed that older adults may
perform better than their younger peers, due to their better decision-making skills (Kim & Hasher,
2005). Nevertheless, it is well understood that older adults’ overall performance in technology-
related tasks is poorer than younger adults, when faced with tasks calling for mental manipulation

of numerical information, due to natural cognitive changes in aging (Zeithalm & Fuerst, 1983).

Logically, older adults and younger adults have different goals in grocery shopping (Lesakova,
2016). While younger adults are more inclined to saving time and to focus on convenience due to
their increased likelihood of having younger children and families (Morganosky & Cude, 2000),
older adults’ goals often rest more on saving money and obtaining help with heavier items
(Lesakova, 2016). All these factors considered, both populations benefit from a frictionless online
grocery shopping user experience (Giroux-Huppé, Sénécal & Léger, 2019). Finally, the presence
of frequent numerical information leading to mental calculations, different ways of displaying cost
information, among others are a pain point in the OGS experience (Desrochers et al., 2015). As it
was previously discussed, arithmetic tasks pose a particular challenge for older adults (Lemaire &

Arnaud, 2008; Rozencwajg et al., 2010).
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It was previously explained that older adults are more predisposed to elevated levels of cognitive
load in tasks while using technologies and that younger adults experience the opposite
phenomenon. As a result, we expect the following hypothesis to answer our research question:

H3: There is a negative effect of cognitive load on performance on online grocery shoppingtasks.

3.2.5 Age & Self-Efficacy

Self-efficacy is defined as a person’s “beliefs in his or her capacity to organize and execute
behaviors required to produce specific performance attainments” (Bandura, 1977, 1986, 1997). A
lower self-efficacy is expected when there is less exposure to technologies, which is the case for
older adults (Czaja et al., 2006). Older adults report a lower self-efficacy when confronted with
digital tasks, including online shopping, even when they understand these interfaces may be
helpful in their routine (Czaja et al., 2006). This is concerning, as a higher perception of self-
efficacy is linked to increased motivation in putting in efforts in the task at hand (Tams, 2022).
Compellingly, older adults and younger adults with elevated self-efficacy scores have previously

demonstrated overestimating their performance (Schreder et al., 2013).

This author has not identified literature focusing on the effects of aging on online grocery shopping
task performance, especially when also taking into account online shopping self-efficacy,
arithmetic complexity and cognitive load. Given the general literature on technologies and older
adults, it appears reasonable that self-efficacy may impact cognitive load and its influence on

online grocery shopping performance. Thus, we propose the following final hypothesis:

H4: Self-efficacy positively moderates the relationship between cognitive load and performance

in online grocery shopping tasks.

Figure 5 demonstrates the proposed research model to address our research questions.



Figure 5: Research model with proposed hypotheses
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3.3 Methodology

3.3.1 Setup

In order to run the study, an IBM (International Business Machines) portable computer with
Sensorimotor Motoric Instruments (SMI) eye tracking was employed. The participant’s screen was
mirrored through TeamViewer, in order for the moderator to control the progression of the tasks.

The participant was seated next to the moderator, while they tended to their respective screens.

3.3.2 Experimental Design

Arithmetic complexity is defined as the level of difficulty of any calculation (Campbell, 2005).
Factors which increase arithmetic complexity include the way price information is presented, as
in weighed rather than the price being presented as an upfront cost, as well as the presence of prices

in decimals as opposed to integers.

A reduced factorial design was employed in the context of this study, as part of a within-subjects
design. Retaining only the low and the high conditions— either extreme— was intentional, in order
to assess the interaction effect between the two variables at their extremes. In this case, this
involved arithmetic complexity (price per product or price per weight; integers or decimals). As
shown in table 9, two of the conditions (price per weight x decimals & price per product X integers)
were retained, as they reflect the extremes of difficulty levels. Therefore, the low arithmetic
complexity condition would include integers (e.g. whole numbers) and prices per product (such as
5% per bag of produce). The high arithmetic complexity condition would include decimals and
prices per weight (such as 2.25$/100 g). Results from a pre-test with 8 participants also showed
that performance was significantly worse for the high arithmetic complexity condition. Four
stimuli were created per condition and conditions were randomized and counterbalanced. Each
participant was thus exposed to all conditions. Additionally, age is considered as an experimental

selection, due to selecting participants from two age groups, younger adults and older adults.

Table 9, Experimental design

Price per product Price per weight
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Integers Low arithmetic complexity N/A
Younger, older

Decimals N/A High arithmetic complexity
Younger, older

3.3.3 Participants

In total, 32 participants, all residents from Montreal, Quebec, were recruited for the study. Roughly
half (17) were younger adults (between 18 and 35 years) and 15 were older adults (60 years or
older). 19 of the participants were women and 13 were men. The younger participants ranged from
21 to 32 years of age (X = 26, o = 4.50) and the older participants ranged from 60 to 78 years of
age (X = 66, 6 = 6.43). Age ranges were predefined as 18-35 for young adults and 60 or over for
older adults. These age groups were delimited in order to be able to compare the experiences of
the younger compared to the older, following the literature on average cognitive peaks and declines

in aging.

Multiple methods of recruitment were utilized, ranging from recruitment through the laboratory
research panel, by advertising the study at autonomous and semi-autonomous residences and older
adult leisure centers, as well as employing snowball sampling through recruited participants. Due
to potential restrictions for older adult participants to participate on campus, participants had the

option of participating at the HEC Montréal campus or in their home setting.

3.3.4 Experimental Task and Stimuli

In order to isolate only the relevant variables being tested, stimuli were created for the purpose of
this study, instead of testing an existing online grocery platform. The SMI eye tracker and its
corresponding software also functioned best with static elements; thus, the tasks were designed in

this way. All stimuli presented are shown in appendix A.

Each stimulus had a white background with large black text and imaging of produce with no visible
branding. Each stimulus conveyed to users their budget which in figure 6 is $15, as well as an

image of the food they were purchasing. The quantity of food was also included, such as in figure
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6 being 1 box of cherry tomatoes, the weight which is 400 g in figure 6 and the price information
which is $4/100 g in figure 6. Users were tasked to maximize the quantity of food considering their
budget. The quantity of food choices was always 1 through to 5, with users being informed that
the correct answer always fits within this range. Product weight and cost were roughly inspired
from online grocery pricing from Montréal grocery retailers. All numerical information, even
when irrelevant to the task, was always presented on the stimulus. For example, the participant
would not need the information of the product weight when the price is listed per product.
Therefore, the participant must always be aware of how the product price information was being
presented for each stimulus, replicating a grocery experience where produce items can be priced

per weight or purchased pre-packaged.

Figure 6: An example of a stimulus in the high arithmetic complexity condition

| have a budget of $15, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 150 g $2.50/100¢g

How many boxes can | buy?

1 2 3 4 5

3.3.5 Procedure and Materials

Figure 7: Experimental procedure
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In order to facilitate the participation of both older adults and younger adults, participants were
allowed the option of partaking in the study from their home or at HEC Montréal campus. This
researcher met the participant at their preferred location. If the study took place at HEC Montréal,
the laptop and eye-tracker were set up prior to the participant’s arrival; otherwise, the instruments
were set up while the participant reviewed the consent form. As shown in figure 7, after the consent
form was signed, the eye tracker was calibrated. First, there was a pre-experience questionnaire
which the user was instructed to complete. The participant was then asked to complete online
grocery tasks of which there were two sets, where they were given a budget and instructed to
maximize the quantity of food they can purchase considering their budget. There was a practice
trial prior to the online grocery shopping tasks, in order for the user to acclimatize themselves to
the functioning of the task and to reduce the chance of the results to be affected by a learning

effect.

Users were instructed that the answer always ranged between one and five. In order to further
optimize the use of the eye tracker, participants were asked to both gaze at their selected answer
for several seconds and to state their answer aloud. After each condition, participants were tasked
to answer a post-task questionnaire. The order of the conditions was randomized. Finally, the
participant filled out the compensation form and was handed $20 cash for their participation in the
study. From start to finish, the study lasted approximately one hour and 30 minutes. Qualtrics was

used in order to display all questionnaires. Questionnaires are shown in appendix D.
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3.3.6 Measures

Qualtrics was used in order to display all questionnaires and the SMI eye tracker was used to obtain

eye tracking data.

While either implicit (through tools used in NeurolS such as eye tracking measures) or explicit
(such as self-reported measures, like questionnaires) measures would each provide insightful
measures towards the study, combining the two provides richness and nuance to the data and
analysis. Explicit measures are helpful in isolating user’s choices, opinions and perspectives but
are perceptual and only speak to the participant’s perceived experience without considering their
lived, unconscious experience (de Guinea et al.,, 2014). Taking both into consideration
acknowledges the complexity of the human experience and how implicit measures may affect the
explicit ones (de Guinea et al., 2014). It also addresses common method biases which explicit

measures alone may provide (de Guinea et al. 2014).

3.3.7 Operationalization of Research Variables

Table 10: Main study constructs and items for objective and subjective measurements

Objective Measurements

Construct Definition Measure Source
Task “The degree that users are able to meet | Rank A participant’s  score
Performance task goals” (Burton-Jones and Straub compared to the lowest
2006 in Tams, 2022). performer, considering
both time and accuracy
of response.
Cognitive Load | “Level of working memory used during a | Pupil Dilation in mm SensoMotoric
task” (Sweller, 1988). Instruments eye tracker

(Teltow, Germany)

Subjective Measurements

Construct Definition Measure Source
Task “The degree that users are able to meet | Please rate the extent to which you | Questionnaire in Tsai,
Performance task goals” (Burton-Jones and Straub | agree or disagree with the | Chen & Liu, 2007
2006 in Tams, 2022). following statements:

1. I have completed my assigned
task (selecting quantities of food)
very effectively.

2. 1 have performed the task
(selecting quantities of food) very

well.
3. I have fulfilled the task
responsibilities (selecting

quantities of food) very
effectively.




Self-Efficacy

“A person’s belief in their ability to
execute  behaviors  necessary  for
performance  attainment”  (Bandura,
1977).

To what extent do you agree or
disagree with the following
statements:

1. I have the ability to be very good
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Questionnaire in Tams,
2022 from Bandura,
2006; Compeau &
Higgins, 1995; Marakas

at using online grocery shopping | etal., 1998
platforms.

2. I have the ability to excel at
using online grocery shopping
platforms.

3. I have the ability to perform very
well when using online grocery
shopping platforms.

Please rate the extent to which you
agree or disagree with the
following statements:

1. The task of selecting appropriate
quantities of food took too much
time.

2. Selecting appropriate quantities
of food required too much effort.
3. Selecting appropriate quantities
of food was too complex.

Cognitive Load “Level of working memory used during a

task” (Sweller, 1988).

Questionnaire in Pereira,
2000

3.3.7.1 Task Performance

As shown in table 10, task performance was measured objectively through the participant’s rank.
This measure considers how each participant’s performance score compares to the participant who
took the longest time to complete each task. It therefore considers both the performance scores of
time and of success in percentage and how each participant’s rank in their objective score, in
comparison to the lowest scoring participant in terms of time (longest time). Success was measured
through the percentage of correctly answered results, as all stimuli were created to have a correct
answer. A lower rank results in higher performance and a higher rank results in a lower
performance. Additionally, perceived performance was measured via a validated questionnaire by
Tsai, Chen & Liu (2007). As previously explained, some variables were measured through both
implicit and explicit means, in order to provide results of both the lived and perceived experience

of the user.

3.3.7.2 Cognitive Load

Cognitive load was previously defined as the level of an individual’s cognitive exertion when faced
with a novel, challenging task (Chandler & Sweller, 1991). One way cognitive load can be inferred
is through the task evoked pupillary response (TEPR) (Hess and Polt, 1964). One’s pupils dilate

when presented with a difficult task and this “provides a sensitive physiological index of the
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intensity and online resource demands of numerous cognitive processes [such as] memory
retrieval, [or] problem solving [...]” (Reilly et al., 2019). Analysis of the sort is referred to as
cognitive pupillometry and is considered to be well documented (Reilly et al., 2019). In fact,
arithmetic tasks have been shown to particularly increase pupil dilation (Piquado et al., 2010).
However, natural age-related changes impact older adults’ pupil dilation (Piquado, Isaacowitz &
Wingfield, 2010), making them less sensitive to differences in cognitive load when measured

through pupil dilation (Van Gerven et al. in Piquado et al., 2010).

Cognitive load was also measured in both its lived and perceived experience. As such, implicit eye

tracking measures were used, as well as a validated questionnaire by Pereira (2000).

3.3.7.3 Self-Efficacy

Since computer and technologies self-efficacy is a stable, situation-specific trait (Thatcher &
Perrewé, 2002), a questionnaire was completed by participants prior to beginning the study. A
short questionnaire was administered prior to exposure to the online grocery shopping tasks in

order to determine each participant’s level of self-efficacy with regards to online grocery shopping.

3.4 Data Extraction and Analysis

Eye tracking data was extracted through SensoMotoric Instruments (SMI) BeGaze, while the SMI
Experiment Center software was used to input the stimuli. All results were analyzed in SAS Studio.
Descriptive statistics, correlation analyses and repeated measures multivariate regressions

(ANOVAs) were employed in order to analyze the model’s effects.

Out of the 32 participants, 10 were excluded from eye tracking analysis due to a loss of data,
potentially due to the environmental effects such as lighting or poor calibrations. Since many older
participants did wear glasses, calibrations were often more difficult. However, their other data was

retained and analyzed (questionnaire answers and performance scores).
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3.5 Results

3.5.1 Global descriptive statistics

For the analysis, datasets were condensed to 64. This choice was made in order to retain richness
of data for the cognitive load and performance scores, which had 512 observations, but to reduce
variability due to the presence of repeated measures for the linear regressions. Below are the global

descriptive statistics of all of the variables measured in the course of this study.

Table 11: Global descriptive statistics of all variables measured

Self Pupil
Efficac| Perceived | Dilatio| Subjective
stats| Age| y |cognitiveload] n |performance| Rank

mea |44.8

n 75 | 5.677 2.953 10.503 5.275 47.835
20.7

sd | 66 | 1.034 1.668 2.241 1.340 19.818
21.0

min | 00 | 3.333 1.000 2.570 2.000 19.216
78.0

max | 00 | 7.000 6.700 15.218 7.000 100.000

N | 64 64 64 54 64 64

Table 11 shows the global descriptive statistics of all participants. Participants’ self-efficacy scores
were globally high, with a mean of 5.677/7. Self-reported performance scores were high, with the
average participant rating their performance as 5.275/7. There was also a wide distribution in the
ranks, with the lowest performer obtaining 100 points and the highest performer obtaining 19.216

points (X =47.835).

Pearson correlations of the variables measured in this study are presented below in table 12, in
order to understand if there is a correlation between combinations of the measured variables in

order to further enrich the analysis of the results.
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Table 12: Pearson correlations of all variables measured

— valuel — valuel — valuel — valuel —valuel

1| 4ge 1.0000

2| Self-Efficacy | -0.4500 0.0002 1.0000

3| Perceived -0.1255 0.3231 -0.0135 0.9155 1.0000
cognitive
load
4| Pupil -0.6953 0.0000 0.0842 0.5449 0.2231 0.1048 1.0000
dilation
5| Subjective 0.1525 0.2291 -0.0453 0.7224 -0.6455 0.0000 -0.2146 0.1191 1.0000
performance
6| Rank 0.1422 0.2624 0.0632 0.6198 0.1417 0.2641 -0.1423 0.3048 -0.2299 0.676 1.0000

1. Bilateral level of significance

Logically, perceived cognitive load scores and self-reported performance scores were found to be
negatively correlated (r = -0.64550, p = <0.0001). Age and pupil dilation were also negatively
correlated (r =-0.69533, p =<0.0001) which corresponds to the literature on the subject previously

discussed in the theoretical overview.
The t-tests in table 13 compare the means and standard deviation values of all variables explored
in this study, when looking at high arithmetic complexity as compared to low arithmetic

complexity.

Table 13: Descriptive statistics and paired sample t-tests comparing low and high arithmetic complexity

Low complexity High complexity T-tests Results
Means Std. Dev Means Std. Dev Nops | P Diff
—valuel

Perceived 2.188 1.183 3.719 1.744 32 0.0001 -1.531 | Statistically  different in low

cognitive load complexity compared to high
complexity

Subj 5.803 1.122 4.747 1.346 32 0.0002 1.056 | Statistically  different in low

performance complexity compared to high
complexity

Rank 47.898 19.772 47.773 20.180 32 0.9764 0.125 Comparable in low complexity and
high complexity
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Pupil dilation

10.294

2.470

10.713

2.011

27

0.1306

-0.419

Comparable in low complexity and
high complexity

1. Bilateral level of significance

When comparing the low and high arithmetic complexity conditions, self-reported performance

scores were stronger in the low complexity condition than in the high complexity condition (p =

0.0002). The rank measurement of performance was similar in both conditions (X high complexity

=47.77; X low complexity =47.90; p =0.125). Cognitive load scores were also higher in the high

complexity condition when compared to low complexity (perceived cognitive load p = 0.0001),

except when considering pupil dilation, where scores were similar across both conditions (X high

complexity = 10.713 mm; X low complexity = 10.294 mm; p = 0.1306)

The descriptive statistics in table 14 compare the means and standard deviation values of all

variables explored in this study, when looking at younger adults compared to older adults.

Table 14: Descriptive statistics and independent sample t-tests comparing younger participants and older participants

Younger Older Results
mean sd min max mean sd min max N p — valuet

Self- 6.059 0.689 5 7 34 5.244 1.190 33333 | 7 30 0.0121 Significant
Efficacy 33
Perceived 3.118 1.726 1 6.700 34 2.767 1.607 1 6.000 30 0.3749 Not significant
cognitive
load
Pupil 11.911 | 1.523 9.928 15218 | 30 8.743 1.683 2.570 10.658 | 24 0.0001 Significant
dilation
Subj 5.056 1.409 2 7 34 5.523 1.233 2 7 30 0.1796 Not significant
performan
ce
Rank 44.860 | 22.101 | 19.216 | 100 34 51.207 | 16.589 | 21.304 | 89.357 | 30 0.0415 Significant

1. Bilateral level of significance

Self-efficacy is statistically higher for younger adults (X = 6.06) than for older adults (x =5.24; p

=0.0121). Perceived cognitive load is higher for younger adults (u = 6.06) than for older adults (X

=5.24; p = 0.3749), albeit it is not statistically significant. There are observed trends when they
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are considered together. Younger adults (x = 11.91 mm) have a greater pupil dilation than older
adults (x =8.74 mm; p=0.0001) and this result is statistically significant. Both younger adults (X

= 5.056/7) and older adults (X = 5.52/7; p = 0.1796) expressed confidence in their level of self-
reported performance, though older adults expressed a slightly higher level of self-reported
performance. This result is not statistically significant. Younger adults had a better performance
score (X = 44.86), when measured via rank, than older adults (X = 51.21; p = 0.0415), though this
result is not statistically significant. It can be understood that overall performance, when measured

in rank, is comparable for younger adults and older adults.
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3.5.2 Linear regressions

Linear regressions were employed in order to test the relationships in this model, controlling for
non-independence within observations, due to the presence of repeated measures. Figure 8 shows
the supported and unsupported hypotheses. As mentioned in the methodology, multiple measures
were obtained for the research variables. Specifically, cognitive load was assessed from two
perspectives: its objective manifestation through eye tracking measurements and its subjective
experience through self-reported cognitive load. Figure 8 illustrates the data with the most robust
support. Full tables are shown in appendix F. All variations of variables in support and not in

support are also shown in appendix E.

Figure 8: Research model with supported hypotheses

Arithmetic Online Shopping
Complexity Self-Efficacy
2 coeff 2.11701 H4*
Cognitive load Performance on
Age —’Hl DEIREVE o H3ees | Shopping Tasks
coeff -0.591
Notes:
*<0.1
** < 0.01
**% < 0.001

Figure 8 depicts the results also shown in table 15, which will be presented below. Please note that all p-
values are divided by two, as directionality was stated in advance.

Table 15: Linear regressions of research hypotheses

Hypothesis coefficien s.e. T-value | p-value Result
t
H1: Direct positive effect of age on cognitive load -0.07808 0.01443 -5.41 0.00005 Not Supported

(Pupil Dilation)

H2: Moderation of arithmetic complexity on the 0.004160 0.005128 0.81 0.2118 Not Supported

relationship between age on cognitive load
(Perceived cognitive load)
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H3: Direct negative effect of cognitive load -0.5609 0.06739 -8.32 0.00005 Supported
(perceivedcognitive load) on performance
(subjective performance)
H4: Moderation of self-efficacy on the relationship 2.1170 1.5509 1.36 0.0912 Marg/'na//y Supported

between cognitive load (perceived cognitive load)

and performance (rank)

Age was found to have a highly significant negative effect on a user's cognitive load (r? = -0.08;
p = 0.00005) (H1 unsupported). Therefore, it can be understood that for every additional year of
age, the pupil dilation reduces by 0.078 mm when faced with a cognitively demanding task.
Cognitive load did differ among younger adults and older adults and this was demonstrated by the
latter’s significantly elevated task-evoked pupillary dilation (TEPR) (p = 0.0001). As a reminder,
an elevated pupil dilation during tasks is an indicator of increased cognitive load (Reilly et al.,

2019).

Arithmetic complexity did not show to moderate the relationship between age and cognitive load,
whether the latter was measured objectively (pupil dilation) or subjectively (perceived cognitive
load) (H2 unsupported, r° = 0.004; p = 0.2118). However, there were noteworthy observations

when comparing conditions with low and high arithmetic complexity.

In general, task performance scores exhibited a significant decline in high complexity conditions.
For instance, the average perceived performance score for the high complexity task was 5.803/7,
whereas it was 4.747/7 for the low complexity task (p = 0.0002). Moreover, cognitive load
measurements were notably higher in the high complexity condition compared to the low
complexity condition. For instance, participants reported an average cognitive effort rating of 3.7
out of 7 for the high complexity condition, in contrast to an average rating of 2.19 out of 7 for the

low complexity condition (p = 0.0002).

When it comes to direct effects of cognitive load on performance scores, the hypothesis shows
strong support (H3 supported, 7° = -0.5609; p = 0.00005). When a user scored a task as 1 point
more cognitively demanding, they also scored perceived performance ratings as 0.56 points lower.

Finally, when it comes to the moderation of self-efficacy on the relationship between cognitive
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load and performance, the hypothesis is marginally supported (H4 marginally supported, r? =
2.1170; p=0.0912). In other words, self-efficacy strengthened the relationship between cognitive
load and performance. Therefore, a higher self-efficacy score strengthens the link between
cognitive load and performance, so that when one’s cognitive load is low, performance is increased

with an improved self-efficacy.

Nonetheless, when examining descriptive statistics and t-tests, it becomes evident that younger
adults exhibit notably higher self-efficacy scores (X = 6.059 out of 7 and a 6 = 0.689) compared
to their older counterparts (X = 5.244 out of 7 and ¢ = 1.190). This difference holds statistical
significance (p = 0.0121). Put differently, self-efficacy appears to exert some influence on the
effect between cognitive load and online grocery shopping performance. Moreover, there is some
indication that self-efficacy plays a role in the connection between cognitive load and task

performance.
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3.6 Discussion

3.6.1 Results Overview

This study shows that age negatively impacts cognitive load. Since this effect is negative,
hypothesis 1 is unsupported. Arithmetic complexity does not appear to moderate this relationship,
which means there is no support for hypothesis 2. However, cognitive load is a strong indicator of
online grocery shopping performance. This is indicative of support for hypothesis 3. Interestingly,
performance did not differ substantially between younger adults and older adults. Instead, both
younger and older users noticed when the task was more challenging, notably when there were
more mental calculations to perform to complete the task (i.e., a higher arithmetic complexity) and
reported feeling less confident in their performance outcomes. While older adults showed to have
significantly lower self-efficacy scores than younger adults, the effect of self-efficacy on task
performance is more subtle. There is some evidence that self-efficacy may moderate the
relationship between cognitive load and task performance. Thus, there is marginal support for

hypothesis 4.

3.6.2 Discussion

The results in this paper show a negative effect between age and cognitive load— that increased
age leads to lesser cognitive load and vice versa. This goes in direct opposition to the phenomenon
documenting that older adults are more sensitive in the rate their cognitive capacities are
overloaded when exposed to new information (Van Gerven et al., 2002; Granholm et al., 1996).
Additionally, on the contrary, older adults also had similar performance on online grocery
shopping tasks. However, it was made clear that elevated levels of cognitive load during an online
grocery shopping experience impacts online grocery shopping performance. This aligns with
Sweller’s Cognitive Load theory, in which the psychologist explains that when much of one’s
limited mental capacities are used, cognitive load increases, thereby decreasing performance in a

given task (Sweller, 1988). In this study’s context which is realistic to many, users were tasked to
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maximize their budget with the largest quantity of food. Therefore, their performance was seeking
out the best value for their money in terms of quantity. Of course, this is only one context out of
many, where another shopper may instead have enough income for food, but whose markers of a
successful shopping experience are ones such as quality of foods purchased. However, the fact that
one isolated context already significantly impacts performance attests to the need to further explore
the scope of an entire online grocery shopping experience. Ultimately, the fact that there are so
many considerations when shopping for groceries online make it so that it is one of the more

stressful online shopping experiences (Freeman, 2009; Giroux-Huppé, Sénécal & Léger, 2019).

Touching on grocery shopping— including online grocery shopping— being a more stressful
experience, it is also understood to be more challenging in terms of its arithmetic complexity. This
was demonstrated by users having substantially better performance scores when comparing tasks
with more complex mental calculations (e.g. price per weight, decimals) as opposed to less
complex mental calculations (e.g. price per unit, integers). This is consistent with the findings of
Desrochers et al. (2015), where users had to purchase enough foods for a recipe when comparing
prepackaged foods or bulk foods and calculating the appropriate amount required. It can thus be
understood that part of the reason why online grocery shopping is more cognitively demanding is

its arithmetic complexity.

Users were found to accurately predict their cognitive load and their performance in their shopping
experience. They have a feeling when they are not performing well and consistently report higher
cognitive load when they perform more poorly. Their perceived experience and their lived
experience align well in this respect, and users appear to understand that when a task feels more
effortful, their performance decreases. In other words, users appear to predict their performance
based on their perceived cognitive effort. In tandem, self-efficacy was lower in older adults in the
context of online grocery shopping. This is consistent with the literature on older adults’ self-
efficacy with technologies in general (ex., Czaja et al., 2006). Based on our results, self-efficacy
appears to somewhat strengthen the relationship between cognitive load and online grocery

shopping performance.
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3.6.3 Theoretical Implications

This study provided contributions to the available research on online grocery shopping experience
by adding to the literature on the experience of older adults in online grocery shopping user
experience. In particular, the impact of aging, arithmetic complexity and cognitive load on the
online grocery shopping experience has not often been studied. This research showed a direct
effect of cognitive load and online grocery shopping experience and the moderation of self-
efficacy, enriched with both psychophysiological data (e.g. lived experience) and self-reported
data (e.g. perceived experience). This allowed for multiple measurements of the same variable and

demonstrated the strength of these particular effects in the context of online grocery shopping.

3.6.4 Managerial Implications

Finally, there are considerations for managerial implications. Notably, the way numerical
information is displayed on an online grocery shopping platform impacts users’ cognitive load as
well as their grocery shopping performance. A system with potential for poor performance can
lead to users obtaining a different quantity of foods than they expected, seeing a different cost than
anticipated in their grocery cart, among others, all of which are factors which may lead to users

abandoning their cart.

This study’s results hint to a consideration of streamlining information on a page and reducing the
number of mental calculations required of the user. This can be done, for example, by displaying
clear visual cues, particularly when considering bulk items (for example, a small cup of scooped
peanut butter in a container in bulk clearly showing what a 1 cup container looks like). When a
user has a mental representation of numerical information, it may simplify their mental
representation of what the weight looks like and thus reduce cognitive load and increase their
likelihood to purchase the quantity they desire. Estimators are another proposition to reduce

cognitive load, where the user can type in a certain amount of grams of deli meats, for example, to
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obtain an estimation of the slices of salami. This again gives users a mental model of how much

food they are purchasing and how much it may cost.

It is to be considered how some information uncertainty may impact the user’s online grocery
shopping experience. Put differently, it would be pertinent to consider if the convenience benefits
of estimators outweigh their downsides, such as a slight lack of accuracy of price or product
quantity estimations. In order to simplify a platform, certain tradeoffs must sometimes be made
and these may improve its usability and accessibility. User testing to better understand user

preferences and attitudes are pertinent when considering adjustments to an online grocery website.

3.6.5 Limitations

This study is not without its limitations. Most participants were very active users of the Internet
and technologies in general. While this trend is more likely to be true for younger adults who grew
up with these technologies, it is not necessarily reflective of older adults in general, in particular
those beyond their sixties. All users also had one context — which is to maximize the number of
foods with a specific budget. This is unlikely to be a context that is relevant to all users, but it was
done in order to standardize results. This study also had users select quantities of 1 item per
selection, which is not necessarily realistic, though it is easier to analyze. This was purposeful in
order to see initial trends in a very controlled environment. However, it would be interesting to
further analyze mental calculations involved in selecting multiple items in one grocery list.
Freeman (2009) mentions that part of the complexity of online grocery shopping involves the
multiple options of a same item, substitutions of items when out of stock or at a high price point
or multiple options of a same item (for example, almonds can be smoked, salted, prepackaged,

bulk, etc.).

It must be considered that this study involved this researcher to meet participants in their home
environment, which impacted the pupil dilation measurement due to the different lighting in each
home. Pupils are known to dilate or constrict due to both changes in lighting (a natural reflex), as
well as a reaction to a complex stimulus, due to its increased cognitive effort (Mathot, 2018).

Therefore, it can be implied that some of the variation in pupil dilation would be attributed to
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variations of cognitive effort and others would be influenced by the ambient lighting. Furthermore,
natural biological changes in the eye as one ages also impacts pupil dilation (Van Gerven et al. in
Piquado, Isaacowitz & Wingtfield, 2010). Due to this limitation, self-reported measures (e.g.
questionnaires) were also employed. Meeting participants in their home setting also increases
external validity as well as ecological validity, but does reduce internal validity. Further testing in

a controlled environment may also be pertinent for this reason.

Next, this task’s conditions were not using an actual online grocery shopping platform and thus
did not replicate an authentic online grocery shopping experience. However, this was purposefully
done, in order to remove the influence of branding, colors, attitudes towards certain grocers, among
others, in order to focus on the numerical information presented on an online shopping page. This

would be remedied by doing further tests on actual online grocery shopping platforms.

Finally, due to the dataset needing to be condensed due to repeated measures, there is a loss of
statistical power while analyzing the research model. Additionally, there were 32 participants,
which is a low number of participants, particularly if we wish to generalize the results. Further
studies with larger sample sizes would help with this limitation and increase the power of the

statistical tests when results are analyzed.
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3.7 Conclusion

We live in an aging society that is concurrently becoming increasingly digital and online shopping
has increased steadily since its introduction to the market. Online grocery shopping is no exception
and in particular since the advent of the Covid-19 pandemic, increasing amounts of individuals are
relying on online grocery platforms to obtain food. This thesis wished to further explore the
interplay of different aged users and their interactions with online grocery shopping platforms.
Specifically, the aim of this study was to better understand how, why and under what conditions
aging affects online grocery shopping performance. This study focused specifically on numerical
information and mental calculations, since these are common during an online grocery shopping

experience.

Ultimately, the way information is presented on the page has an impact on users’ performance,
whether they are younger or older. In a world that is becoming increasingly digital, many facets of
the online experience warrant consideration and further analysis when it impacts the user’s
experience. As the worldwide population ages, additional exploration on the particularities of older
adults’ needs on an online grocery shopping experience is pertinent. Other venues of research may
involve attention and focus involved in older adults’ online grocery shopping experience.
Particularly when faced with multiple stimuli, it may be apt to consider this variable when

exploring the influence of multiple numerical stimuli on an online grocery shopping website.
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4. Conclusion

4.1 Research Context, Research Question and Main Results

An aging population combined with the context of increasing global use of online grocery
shopping led to an interesting context to explore how age affects online grocery shopping
performance. Our research question involved understanding how and in what conditions age
impacts online grocery shopping performance. Our results showed that while older adults have
decreased working memory capacity and processing speed compared to younger adults, only
working memory capacity impacts mathematical ability, required for mental calculations.
Mathematical ability was similar among younger and older adults. Self-efficacy is consistently
lower in older adults compared to younger adults. Self-efficacy also strengthened the relationship
between mathematical ability and shopping task performance, also acting as a moderator in the
effect between cognitive load and task performance. Cognitive load is a strong indicator of online
grocery shopping performance. While performance did not differ substantially between younger
and older adults, users in general perceived when a task was more cognitively effortful through an

arithmetically complex task, and rated their performance lower as a result.

4.2 Theoretical and Managerial Contributions
4.2.1 Theoretical Contributions

This research demonstrates that with regard to online grocery shopping tasks, there is a particularly
strong direct effect of cognitive load on task performance. Users understand when a task is
cognitively challenging and they score their performance as significantly lower when this is the
case. Despite being self-aware of more challenging tasks, working memory capacity, which one
cannot control, affects mathematical ability required for mental calculations found in online
grocery shopping tasks. Therefore, it appears that working memory capacity may play a larger role

in the online grocery shopping user experience than processing speed.
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4.2.2 Managerial Implications

This study shows that stimuli presenting more numerically challenging (i.e. arithmetically
complex) information both increased users’ cognitive load and decreased their performance in
online grocery shopping tasks. This was the case for both younger and older participants.
Therefore, simplifying how information is presented on an online grocery website can result in
decreased cognitive load and in an increased ability for shoppers to reach their performance goals,
such as saving money, which may encourage them to continue purchasing groceries online.
Cognitive effort is increased if users struggle in predicting the total cost or misunderstand the
quantities they are purchasing, particularly if it is difficult to mentally visualize the quantities.
Being able to anticipate and predict what is in their cart, how much it costs and how much there is
of each of it, when combining multiple items, must be as clear as possible. Authors recommend
fragmenting the task in order to have multiple smaller tasks to simplify the experience (Jones and
Bayen, 1998 in Haeggens, 2012). One way this can be done is by offering clear visuals to represent
food quantities (ex. One small container of peanuts, medium and large next to an image of an

easily recognizable household item for reference) or with estimators (ex. Slices of salami and cost).

4.3 Limitations and Future Research

As with any research, this study has its limitations. Firstly, the sample size is small at 32
participants. Next, lighting was not standardized as participants were allowed to participate in their
home environment, which has an impact on pupillometry measures in eye tracking. Further, the
sampling was often snowballed and a high portion of the participants, both younger and older,
were both very educated and familiar with digital technologies, which is not representative of the
larger population. The stimulus was also a static element as opposed to a true online grocery
shopping experience. Finally, the study used one context— calculating the most food they can
purchase with their budget— which is not each person’s goal in shopping for groceries online. A
more dynamic or adaptive context involving other realistic scenarios such as purchasing missing

quantities of ingredients for a shopping list or a recipe may be more applicable to others.

As this study only includes static elements, future research in an authentic online grocery shopping

platform would be relevant. Additionally, since working memory capacity had an impact on the
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online grocery shopping experience, it would be helpful to see if segmenting a task into smaller
ones (e.g. by adding estimators or visual representations of quantities) would help improve online
grocery shopping performance. Since our results often showed similar task performance among

younger adults and older adults, this may also be interesting to study for other consumer groups.
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A. Experimental conditions for low arithmetic complexity and high arithmetic
complexity

| have a budget of $15, and this is the price for oranges:

Experimental stimulus for trial 1 for low arithmetic
complexity condition

1 bag of oranges 4 |bs $3
How many bags can | buy?
1 2 3 4 5
T ——————— Experimental stimulus for trial 2 for low arithmetic
complexity condition
1 box of oranges 20 lbs s$10
How many boxes can | buy?
1 2 3 4 5
P p— Experimental stimulus for trial 3 for low arithmetic
complexity condition
1 orange 0.311b S1
How many oranges can | buy?
1 2 3 4 5
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| have a budget of $15, and this is the price for oranges:

1 bag of oranges 8 lbs $5

How many bags can | buy?

1 2 3 4 5

Experimental stimulus for trial 4 for low arithmetic
complexity condition

| have a budget of $15, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 150g $2.50/100¢g
How many boxes can | buy?
1 2 3 4 5

Experimental stimulus for trial 1 for high
arithmetic complexity condition

| have a budget of $30, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 750g $1.25/100g
How many boxes can | buy?
1 2 3 4 5

Experimental stimulus for trial 2 for high
arithmetic complexity condition

| have a budget of $25, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 700g $1.50/100¢g

How many boxes can | buy?

1 2 3 4 5

Experimental stimulus for trial 3 for high
arithmetic complexity condition
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| have a budget of $15, and this is the price for cherry tomatoes:

1 box of cherry tomatoes 100g $2.25/50¢g

How many boxes can | buy?

1 2 3 4 5

Experimental stimulus for trial 4 for high
arithmetic complexity condition




B. Paper 1 Questionnaires

Self-Efficacy

To what extent do you agree with the following statements:

| have the ability to be very good at
using online shopping platforms.

| have the ability to excel at using
online shopping platforms.

| have the ability to perform very well
when using online shopping platforms.

Task Performance

Swengly
Qeagree

Swongly

Boagee

Cosagroe

Csagree

Coragree

Somewtatl  Nether agree  Somewhat

Srgeo

Somentatl  Nelhet agree Somewhat

Srmgeo

Somwatal  Nether agree  Someahat

Sragew

o Sagree

o Sragree

o Sragres

Please rate the extent to which you agree or disagree with the following questions:

| have completed my assigned task
(selecting quantities of food) very
effectively.

| have performed the task (selecting
quantities of food) very well.

| have fulfilled the task
responsibilities (selecting quantities
of food) very effectively.

Cvermely
aagree
Cvemety
aagree

Cavernely
agree

Moderatety

Sragree
Moderatety
Sragree
Meter ity
Sragree

Somarwhat
Suagree

Neutra

Neutra
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Sworgty
agree Agree agee
Swerty
L aad Agree agree
Sty
e Agree agee
Sormewt Moderatey atremety
agree agror agree
Sarmewt Moderaecy atremety
agree agror agree
apree agree



C. Paper 1 Model 0 values
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Direct effect of Processing Speed on Subjective

Performance

Relations coeff P-value Interpretation
Direct effect of Age on Mathematical Ability 0.231 0.7545 Not supported
Direct effect of Working Memory Capacity on Subjective 0.0025 0.0779 Supported
Performance
-0.0211 0.1183 Not supported




D. Paper 2 Questionnaires

Self-Efficacy
To what extent do you agree with the following statements:
| have the ability to be very good at Svngy Sisahet  SRAK e e
using online shopping platforms. Guagee  Ciagee  Gugee  wduge  aper Agee
| have the ability to excel at using ey iy W e ki
On"ﬂe smwm p|atf0l'l'ns. deagee Ovagree Srmgeo o Sragree g Agree

| have the ability to perform very well P i G
when using online shopping platforms.  sugee  cospe  supe  coupe e Agree

Task Performance

Please rate the extent to which you agree or disagree with the following questions:

| have completed my assigned task Doemely  Medernely  Somewher Somewtut sderaery
(selecting quantities of food) very ow:  Wem:. cduem: WA o e
effectively. ‘ ‘ '
| have performed the task (selecting  towney  voswmey  somewne Semewat Vsderanary
quantities of food) very well. o~ ol " e
| have fulfilled the task Covemely  Medermiely  Somewhet Somewhat  Maderuny
responsibilities (selecting quantities NP ey . Snge: e o e
of food) very effectively. ' '

Cognitive Load

Please rate the extent to which you agree or disagree with the following questions:
The task of selecting Caremely  Muderately  Somewbal Somewihs.,  Moderslely
appropriate quantities of food disagree disgrae dizagree Newtral agree agree
took too much time. Q o (&) (@] O )
Selecting appropriate Caremely  Muderately  Somewbal Somewns,  Moderslely
quantities of food required too dmagree dizagrae dizagree Newtral ayee agree
much effort. O o) 8] 0 %) 8]
Selecting appropriate Caremety  Muderstely  Somewdsst Somewhs,  Modsulely
quantities of food was too deagee  dsagree disagree neutral apee agree

complex. O O O 0 0 s
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Datremety
agree

Datremety
agree

Catremery
agree

Extresmely
agree
Cxlresmely
agree
Exlresmely
agree



E. Paper 2 Variables in support or not in support of each hypothesis
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relationship between
cognitive load and
performance

rank

Hypothesis Hypothesis Result Variables in Variables not in support
Number support
H1 Direct negative effect of Not - Pupil dilation, Perceived
age on cognitive load supported cognitive load
H2 Moderation of Not - Pupil dilation, perceived
arithmetic complexity supported cognitive load
on the relationship
between age and
cognitive load
H3 Direct negative effect of Supported Perceived Pupil dilation and rank
cognitive load on cognitive load and
performance subjective
performance
H4 Moderation of self- Marginally Perceived Pupil dilation and
efficacy on the supported cognitive load and subjective performance,

Pupil dilation and rank,
Perceived cognitive load

on subjective performance




F. Paper 2 Complete results table
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Hypothesis coefficient s.e. T-value | p-value Result
H1: Direct negative effect of age on -0.07808 0.01443 -5.41 Not
cognitive load (Pupil Dilation) <0.00005 Supported
H1: Direct negative effect of age on -0.01008 0.01025 -0.98 0.1667 Not
cognitive load (Perceived cognitive load) Supported
H2: Moderation of arithmetic 0.003149 | 0.00456 | 0.69 | 0.24845 Not
complexity on the relationship between 8 ted
age on cognitive load (Pupil Dilation) supporte
H2: Moderation of arithmetic 0.004160 | 0.00512 | 0.81 0.2118 Not
complexity on the relationship between 3 ted
age on cognitive load (Perceived supporte
cognitive load)
H3: Direct negative effect of cognitive -0.1371 0.08835 | -1.55 0.06645 | Marginally
load (pupil dilation) on performance ted
(Subjective performance) supporte
H3: Direct negative effect of cognitive -1.2267 1.3223 -0.93 0.18105 Not
load (pupil dilation) on performance ted
(rank) supporte
H3: Direct negative effect of cognitive -0.5609 0.06739 -8.32 <0.00005 Supported
load (perceived cognitive load) on
performance (subjective performance)
H3: Direct negative effect of cognitive 2.4313 1.3936 1.74 0.0455 Supported
load (perceived cognitive load) on
performance (rank)
H4: Moderation of self-efficacy on the 0.03955 0.1330 0.30 0.3843 Not
relationship between cognitive load ted
(pupil dilation) and performance supporte
(Subjective performance)
H4: Moderation of self-efficacy on the 0.3220 2.0048 0.16 0.43685 Not
relationship between cognitive load Supported

(pupil dilation) and performance (rank)
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H4: Moderation of self-efficacy on the 0.01277 0.07816 0.16 0.43565 Not
relationship between cognitive load d
(perceived cognitive load) and supporte
performance (subjective performance)
H4: Moderation of self-efficacy on the 2.1170 1.5509 1.36 0.0912 Marginally
relationship between cognitive load Supported

(perceived cognitive load) and
performance (rank)
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G. Article accepted to the SIGHCI Pre-ICIS workshop

Saric, M. S., Tams, S. & Coursaris, C. K. (2023). Grappling with Online Grocery Shopping: An
Age-related study. Proceedings of the Twenty-second Annual Pre-International Conference on
Information Systems HCI Workshop in MIS Research (pre-ICIS), December 10, Hyderabad, India
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