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Abstract. This article report the principles and the design of HMK-Learning, a 

digital tool for students at primary schools in France. The design is based on 

Mounier's numeracy work in didactics. Then, we describe the questionnaire de-

sign method to study the usability of HMK-Learning. Next, we present the ques-

tionnaire results answered by four teachers of primary schools. Finally, we dis-

cuss them from the point of view of the design of HMK-Learning and the peda-

gogical questions they raised. This paper also highlights the highly important role 

of didactics in the process of designing a digital tool for numeracy learning for 

primary school children that we have identified in the answers of the usability 

questionnaires.  
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1 Introduction 

According to the results of the Trends in International Mathematics and Science 

Study survey, carried out in May 2019 on writing in figures a sample of 4,186 (9 years 

old) children (primary school), France ranks last in the European Union countries for 

the level of knowledge in mathematics. In France, the Villani-Torossian [1] report “21 

measures for the teaching of mathematics” stated learning difficulties from primary 

school onwards (6 to 10 years old). These relate to acquiring the sense of numbers, 

counting, memorizing the names of numbers, writing in figures and the transcoding 
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between oral numeration (one, two, etc.) and written numeration (1, 2, etc.). One of the 

recommendations in the report concerns the meaning of the four operations (addition, 

subtraction, multiplication and division) and the teaching of the quantities and measures 

in primary school that should support number and operation sense. According to E. 

Mounie, (2016) [2] "The problem then arises, with 6 years old pupils, of showing that 

numbers refer to units of numeration, tens and simple units for the acquisition of skills 

to be built by students in primary school." To overcome these difficulties, we wish to 

approach the learning of numeracy through a digital application.  

Several recent studies have examined the effects of digital applications on students’ 

skills. Drijvers [4] wrote that “the success of digital technology in mathematics educa-

tion include the design of the digital tool and corresponding tasks exploiting the tool’s 

pedagogical potential, the role of the teacher and the educational context”. Geiger et al 

[6] presented a model of numeracy based on the use of digital technologies. They also 

demonstrated the good influence of digital tools on student’s development of skills and 

mathematical knowledge. Hodaňová et al. [5] also reported that the efficient use of 

digital technologies is undoubted a prerequisite for both quality education. These same 

authors suggested digital technologies in mathematics teaching at primary schools be-

long to innovative methods and activity forms.  

Our hypothesis is that the design of interactive digital tools integrating Mounier's [2] 

numeracy work could be more efficient for students at primary schools in France. The 

aim of this paper is to describe the methodology used to design the application HMK-

Learning for pupils at primary school. Then, we will describe the survey design method 

to study the usability of HMK-Learning. Finally, we will present the results of the usa-

bility study and discuss them from the point of view of the design of HMK-Learning 

and the pedagogical questions they raised. 

2 Related work 

Evaluating the usability of interactive systems is no longer a new scientific issue but 

remains a scientific challenge [14] for educational software for children in primary 

school. According to Nielsen [11] usability is about learnability, efficiency, memora-

bility, errors, and satisfaction. However, the definition of usability from ISO 9241-11 

[15] is “the extent to which a product can be used by specified users to achieve specified 

goals with effectiveness, efficiency and satisfaction in a specified context of use”. Sev-

eral methods are available to measure the usability. One of them is Nielsen's heuristics 

[11] which allows to identify usability problems in the process of designing an interac-

tive system. Another is Heuristic Evaluation for Child E-learning (HECE) [9] based on 

Nielsen's heuristics adapted to children and e-learning applications. In parallel to these 

heuristic-centered approaches, other classically methods are used during user tests: in-

terviews, observations by experimenters in use situations, surveys, activity logs. The 

SUS (System Usability Scale) [7] is widely used because it easily provides an interpret-

able score [13]. However, children cannot use this survey in the reading learning phase. 

Child-friendly tools for assessing the learning environment are relatively rare. Khanum 

and Trivedi [10] analyzed different assessment techniques (Think Aloud (His reason-
ing, thread of thought.), Constructive Interaction (interaction between two testers 

who interact), etc.) to determine which are the most suitable for children according to 



their age. These authors also suggest crossing several methods in order to have more 

results that are relevant and recommend a series of recommendations for the conduct 

of the experiments. Evaluation involving end-users during the co-design phases are 

highly recommended to identify usability problems precisely when using the applica-

tion when it is possible.  

Within the framework of the design of the HMK-Learning software, we have chosen 

to involve the teachers of the primary schools in the iteration of HMK-Learning design 

and the usability of designs.  

3 Design of HandyMathKey-Learning 

In collaboration with a group of teachers eventually called Villani Torossian, we 

implemented a participatory design method for the HMK-L application. The constraints 

of use were that primary school children did not have a sufficient reading level, and that 

the interface should be simple to use and fun. The particularity of our approach concerns 

the involvement of the ecosystem in the sense of Guffroy et al. [3].   

 

 

Fig. 1. The number comparison exercise has several interactive components: 1) the button to 

return to the home page; 2) the help button for handling the tokens; 3) the textual instruction; 4) 

the level of the exercise; 5) the pictogram representing the child's progress in the exercise; 6) the 

2 classes of tokens to be compared; 7) the button to be selected for the choice of the correct 

answer; an animation and audio feedback are given according the answer 8) the digital tape to 

help the pupils visualise the quantity of tokens. 

The ecosystem is a group of people who express needs in the place of end users when 

they are unable to formulate the demand: lack of knowledge, difficulties in expressing 

themselves, etc. The ecosystem is composed of mathematic’s didactical expert (five 

teachers in primary school and one expert mathematical referent). A first activity, the 

comparison of numbers, has been prototyped. The ecosystem has defined the specifica-

tion based on Mounier's work [2] on learning to number, gave feedback on the proposals 



for interactive models during two focus groups, discussed the choices on how to for-

mulate the instructions, the representations of the buttons and the overall structure of 

the HMK-L interface (Fig. 1) represents the first iteration of the number comparison 

interface. 

4 Design of the Usability Method 

4.1 Approach to designing the usability survey 

There are also many standardized surveys for assessing usability, notably the System 

Usability Scale (SUS) [7] or the Heuristic Evaluation for Child E-learning (HECE) [9]. 

User tests are not limited to usability surveys [10]. However, in the health context of 

COVID in March 2020, the survey is the most suitable tool for remote evaluation. This 

makes it possible to overcome the heavy constraints associated with face-to-face work 

(social distancing, cleaning of experimental equipment, etc.). The Primary teachers car-

ried out usability tests. They will use HMK-L as a teaching tool in their ordinary class-

room 

A multidisciplinary team (1 cognitive psychology researcher, 2 researchers and a 

student in human-computer interaction) has designed the survey. An expert mathemat-

ical referent and two primary school teachers of her working group have checked the 

comprehension (objective of the question, meaning of words) of the first version of the 

survey. We corrected ambiguous questions so that the evaluation could be carried out 

without the presence of the experimenter. 

4.2 Content of the survey  

To ensure that we addressed all aspects of usability, the design of the survey was 

based on the heuristic set, HECE adapted to the evaluation of e-learning applications 

for children. We then classified the 21 Alsumait’s heuristics by grouping them accord-

ing to Nielsen's 10 heuristics. Then we distributed the 47 criteria (decomposition of 

those heuristics) of HECE in regard of Nielsen's ten reference heuristics.  

To complete the survey, users had to perform a scenario. This scenario is structured 

into 8 tasks divided into sub-tasks, covering all the functionalities we want to evaluate. 

These tasks are: Choice of interaction technique, Discovery of the interface, Exercise 

using the help button, Unassisted exercise, Exercise with error, Go to next level, Exit 

the application, Free use. A question section follows the guidelines of the subtask to be 

performed. The survey consists of semi-open questions and questions with a 6 item 

Likert scale (absolutely not good, not good, rather good, good, and absolutely good). 

The Table 1 presents how questions are linked to Nielsen’s heuristics and Alsumait’s 

criteria.  

 



Table 1.  Links between Nielsen's heuristics, Alsumait's criteria and questions of the survey. 

 

The survey contains 65 questions using 76.6% of the criteria. Table 2 gives the de-

tails of the rate of use of the criteria. 

Table 2.  Percentage of Nielsen’s Heuristics used in the survey. 

Nielsen’s Heuristics Number of 

criteria used 

Number of 

criteria by 

category 

Percentage use 

of criteria 

Visibility of System Status 6 8 75% 

Match between system and 

the real world 

4 5 80% 

User Control freedom 3 4 75% 

Consistency and standards 4 6 66,67% 

Error prevention 3 4 75% 

Tasks Nielsen's 

Heuristics  

Alsumait’s criteria Question 

Discover the 

exercise 

layout 

Match between 

system and the 

real world 

All learning objects 

and images should be 

recognizable and 

understandable to the 

child, and speak to 

their function 

Do you understand the 

meaning of all the 

elements on the screen? 

If not, which ones? 

The e-learning 

program interface 

employs simple 

words, phrases and 

concepts familiar to 

the child and makes 

information appear in 

a natural and logical 

order 

Is the page layout 

understandable? If not, 

why not? 

 

Is the structure of the 

screen layout logical 

and understandable? 

View text 

instruction and 

answer buttons 

Visibility of System 

Status 

The child understands 

all terminology used in 

the program 

What do you think of 

the shape of the answer 

buttons in terms of 

readability and 

comprehension? 



Recognition rather than 

recall 

3 4 75% 

Flexibility and efficiency of 

use 

7 8 87,5% 

Aesthetic and minimalist 

desi, 

3 3 100 % 

Help users recognize, 

diagnose and recover from 

errors 

0 1 0% 

Help and documentation 3 4 75% 

5 Analysis of survey 

The usability’ survey were send to 4 teachers during the containment (October No-

vember 2020 in France). Teachers were invited to explore and use the HMK-Learning 

application and then follow the scenario associated with the survey before answering 

it. The table 3 summarizes relevant results from the analysis of the survey for the second 

iterative design of HMK-Learning. 

Table 3.  Some relevant results of the usability surveys by 4 teachers. 

Interface elements and 

pedagogic strategy 

Evaluation report  

Visual aspect of the 

interface 

Pleasant, airy, understandable, playful and well-

structured;  

Textual instructions  Understandable, presentation in sound modality  

required 

Spatial layout of tokens Good distribution, token overlapping to be avoided, 

no need of audio feedback  

Feedback  Progress scale for exercises is suitable, feedback of 

success or failure is also appropriate 

Strategy to compare the 

token collection  

Need to add different strategies : clustering by sets 

(5 or 10 tokens) or pair to pair comparison 

Selection mode of tokens 

Help 

Allow several strategies (one by one, by set)  

Need to be redesigned from a pedagogical point of 

view 

 

The following section gives some more verbal results from the questionnaires that 

complete the analysis.  

According to strategy to compare the token collection: Respondents reported that 

pupils using HMK-L seemed not to develop an optimized strategy involving clustering 



of tokens to compare bigger collections. We also ask the question of simultaneous 

token selection or not to ease the comparison on higher numbers than 19. 2 teachers 

are for selection per pack of 5 or 10 faster; the other two are against it because it is too 

complex but less adapted to the term-to-term comparison 

The Progress scale for exercises is suitable for three of the four teachers. The last 

suggests improving the smiley representation (number 5 on Fig. 1) to better distinguish 

the levels of exercise. The animations displayed according to the student's results are 

very playful and fun for 3 of respondents. The fourth teacher suggests a more encour-

aging animation when a wrong answer to the exercise is given. The usefulness of the 

sound associated with the animated image is also mentioned. 

The arrows for navigation through the exercise (go to the next exercise, repeat the 

exercise, go to the next level of difficulty) are affordant. The role of the digital tape is 

also understandable for the pupils according to the 4 teachers.  According to the 4 teach-

ers respondents, the HMK-L application is adapted for children at this educational level 

as shown in this verbatim by one of the fourth teachers :  "Yes: possibility to repeat the 

levels if there is a lack of confidence and possibility to pass to the next level quickly 

enough for those who are more at ease". 

The help device is an essential function: the analysis of the results shows that it need 

to be context-specific, to depend on the level of the exercise, to be adapted to the pupil’ 

skills and to take into account the various pedagogical strategies.   

Analyses of this usability survey had an unexpected and interesting result. More than 

ergonomics data, results led to didactic and pedagogical debates particularly on instruc-

tions’rewording (number 3 on Fig. 1) on and the strategical use of the digital tape (num-

ber 8 on Fig. 1) 

6 Conclusion and Perspective  

Based on the didactic work of Mounier's numeration we co-design the HMK-

Learning with the teachers of primary school. Then, we implemented a method for de-

signing a usability survey based on Alsumait's and Nielsen's heuristics. Four primary 

school teachers answered this survey.  The analysis was very rich and usable from two 

angles: 1) redesign of interaction components (instruction, progress feedback, etc.) to 

improve ergonomics and accessibility of HMK-Learning; 2) implementation of peda-

gogical strategies (token comparison strategies, formulation of instruction, help, etc.).  

Based on this first ergonomic study and to become a more inclusive and adapted tool 

at school, HMK-L need further implementations. It is of interest to note that ergonomic 

data participated to didactic reflection on strategies, procedure…. This unexpected re-

sult could involve evolutions in usability studies by integrating some didactic ‘like heu-

ristics in future studies. This project will be ongoing by analyzing utility and usefulness 

in context with pupil’s interactions, learning performances. 
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