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Abstract 

          In an era increasingly dominated by digital tools, educational 

practices have rapidly transitioned from traditional handwriting to typing-

based methods. This shift raises significant concerns about the cognitive 

implications of these modalities, particularly for adolescents at a formative 

stage of cognitive and academic development. The present study investigates 

the cognitive advantage of handwriting over typing in the memorization of 

conceptual knowledge among adolescents aged 13–16 years. Using a within-

subjects counterbalanced crossover design, 50 participants were assessed 

on their recall speed and accuracy under both handwriting and typing 

conditions. Psychometric tools such as Raven’s Standard Progressive 

Matrices and the Deo-Mohan Achievement Motivation Scale were employed 

to ensure sample homogeneity in IQ and motivation. Participants were 

screened for typing and handwriting proficiency before the experimental 

procedure. In both phases of the study, handwriting consistently resulted in 

significantly better recall performance. Participants demonstrated faster 

recall (M = 21.04 and M = 20.40 minutes in respective phases) and higher 

accuracy (M = 89.04% and M = 88.88%) when handwriting, compared to 

when typing (M = 35.44 and M = 36.36 minutes; M = 78.80% and M = 

77.76%). Independent sample t-tests revealed statistically significant 

differences in both speed and accuracy (p < 0.01), thereby rejecting both 

null hypotheses. The findings suggest that handwriting promotes deeper 

cognitive processing, possibly through enhanced motor engagement and 

generative note-taking, which facilitate better memory encoding. These 

results highlight the enduring cognitive benefits of handwriting and call for 

its integration in educational settings, particularly for adolescent learners. 

While limited by geographic and demographic scope, the study paves the 

way for future research exploring the neurological and long-term memory 

mechanisms underlying this effect. 
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Introduction 

The contemporary era dominated by digital technologies has witnessed a revolutionary 

shift in individual’s engagement with information. Various organizations are rapidly switching to 

digital practices and the education sector is no exception. The advent of smart classrooms has 

fundamentally transformed the learning environment, ushering in a digital era where students 

increasingly depend on PDF resources and complete their assignments using platforms like MS 

Word and Google Docs. This shift marks a clear departure from the traditional pen-and-paper 

approach, reflecting the broader technological revolution reshaping how knowledge is acquired 

and expressed. This shift has sparked numerous debates in understanding the cognitive 

implications of handwriting and typing, modes of information processing, particularly in terms of 

learning and memory. Particularly, this understanding is more crucial for adolescents who are at a 

critical stage of cognitive and academic development (Mueller & Oppenheimer, 2014; Mangen & 

Velmans, 2019). 

Handwriting involves multiple sensory modalities and activates regions in the brain 

associated with language, working memory, and motor skills (James & Engelhardt, 2012). Typing, 

in contrast, tends to promote more surface-level processing due to the mechanical nature of the 

task, often encouraging verbatim transcription rather than conceptual understanding (Oppenheimer 

& Mueller, 2014). Handwriting is said to foster deeper cognitive processing by requiring learners 

to summarize, paraphrase, and structure information meaningfully, which enhances memory 

consolidation (Smoker et al., 2009). 

Mueller and Oppenheimer (2014) demonstrated that students who took handwritten notes 

performed better on conceptual questions than those who typed, attributing this to generative note-

taking. Similarly, Mangen et al. (2015) found that students who wrote by hand demonstrated better 

recall in both immediate and delayed tests than those who typed. These findings suggest that 

handwriting may produce long-lasting memory traces compared to typing. These studies however, 

are primarily focused on university students, and there is limited empirical research on adolescents, 

especially in the context of controlled memorization tasks. Adolescents differ cognitively and 

motivationally from adults and may respond differently to instructional modalities (Kool et al., 

2013). Furthermore, factors such as individual differences in IQ, achievement motivation, and 

typing familiarity may confound results if not accounted for during participant selection and 

analysis. 

The current study aims to address this gap by systematically comparing the effectiveness 

of handwriting versus typing in enhancing memorization among adolescents. Using a controlled 

experimental design with cross-over counterbalancing, the study will investigate differences in 

recall speed and accuracy across both input modes. By assessing and controlling for cognitive and 

motivational variables, the research aims to provide a clearer understanding of how the method of 

input affects learning outcomes in this age group. 

Hypotheses 

H01: There will be no significant difference between the typing group and handwriting group 

in their recall speed. 
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H02: There will be no significant difference between the typing group and handwriting group 

in their recall accuracy. 

Methodology of the Study  

The study demanded a sophisticated methodology comprising careful utilization of 

research-design, sample size, sampling technique, selection of participants, as well as well-planned 

pre-procedure and properly executed actual research procedure. These have been listed in the 

following subsections further: 

Research design 

The study adopted a within-subjects counterbalanced crossover design where each 

participant experienced both the conditions, i.e. typing and handwriting. This design facilitated 

control for individual differences and enhanced internal validity.  

Tools 

Certain psychometric tools were used for the screening of the participants. These tools are― 

● Raven's Standard Progressive Matrices 

● Deo-Mohan Achievement Motivation (n-Ach) scale 

Sampling 

Sample Size 

The final sample consisted of 50 participants of age range 13-16 years, assigned in two groups. 

The sample moreover included a fair representation of male and female adolescents. 

Sampling Technique 

Initially the study involved a purposive sampling technique for screening the most suitable 

participants. Having acquired the desired number of suitable participants, they were then randomly 

assigned into groups for the actual experiment.  

Criteria for inclusion  

The following criteria were ensured for the participants to be included in the study: 

● Adolescents age ranged between 13 to 16 years 

● IQ range of 85-115 in Raven's SPM 

● Achievement Motivation range of 100-160 in Deo-Mohan Achievement 

Motivation (n-Ach) Scale 

● Typing speed of minimum 25-30 wpm with an accuracy of at least 85% 

● Handwriting speed of 20-25 wpm with an accuracy of at least 85% 

● Basic knowledge of English language 

● Normal or corrected vision  

● Moderate proficiency in both typing and handwriting  

● No history of diagnosed disorders as per DSM-5 

● Not suffering from any illness during the research 

● Informed consent from the adolescents as well as their parents/guardians 

Adolescents fulfilling all these criteria were selected for the present study. 
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Criteria for exclusion  

The study involved following exclusion criteria: 

● Adolescents over below 13 and over 16 years of age 

● IQ range below 85 or above 115, assessed through Raven's SPM 

● Achievement Motivation of less than 100 or more than 160 in Deo-Mohan 

Achievement Motivation Scale 

● Lesser or higher typing speed than that mentioned in the inclusion criteria 

● Higher or lower typing speed than that listed in the inclusion criteria 

● Higher or lower handwriting speed than that listed in the inclusion criteria. 

● Not familiar with basic knowledge of English language 

● Not a vision 6/6 through normal or corrected vision 

● History of any diagnosed psychological disorder  

● Suffering from any illness during the time of research 

● Consent not provided either by the adolescents or their parents/guardians. 

Adolescents possessing any of the above-mentioned criteria were excluded for the research. 

Procedure of preliminary screening 

The researcher visited homes of various adolescents and attempted to gain consent from 

them as well as their guardians through briefly explaining the purpose of the preliminary screening. 

They were not informed about the complete research procedure, instead they were just told that if 

their performance met certain expectations, they may be called for further research in the future. 

A rapport was established with the adolescents and casual communication was made to lighten the 

environment, prior to the screening process. During this time, they were also asked to show their 

school report cards and their scores were recorded. Marks obtained in English language were a 

chief focus. Following these, the adolescents were then presented with the Raven's SPM and clear-

cut instructions were given to solve it. Their responses were recorded. After a short-break of 20 

minutes the adolescents were then given a copy of the response sheet of Deo-Mohan Achievement 

Motivation Scale and clear instructions were given to complete it. They were assured that there 

were no time constraints and that the test would however take roughly 20 minutes to complete. 

They were also persuaded regarding the confidentiality of their responses. The response sheets of 

every adolescent were carefully investigated one by one. Incomplete response sheets were 

discarded. Adolescents with IQ ranges and achievement motivation level at extremes were 

discarded as well. Adolescents with an IQ range of 85-115 and achievement motivation level of 

100-160 were then further requested to show up for the next step of the study. 

In the second round of screening, the adolescents were requested to appear at a computer 

centre in Naya Tola area of Patna. Those who appeared were then assessed through their typing 

speed, handwriting speed. For this, they were provided with two separate printed passages of 

approx 100 words, one for typing and the other for handwriting. They were then asked to copy it 

for two minutes by hand or by typing as instructed on the passage. After completion of the two 

minute duration the total number of words written or typed correctly were counted and their speed 

was calculated by dividing the words written correctly by two. Moreover, they were also asked to 

read the passage and explain the meaning, to ensure the participants had a basic understanding of 

the English language. The participants who qualified this stage were called for the actual research 
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procedure. 

Procedure of the actual research 

50 participants appeared for the actual research which were randomly assigned into two 

groups, Group-A and Group-B, comprising 50 participants each. Casual conversations were made 

to lighten the research environment. Participants were instructed about the research. Both groups 

were given a 200-word unseen passage type conceptual material with multidimensional 

applicability across various disciplines and concerned with day-to-day human life. They were 

asked to read the passage carefully. Group-A was instructed to write down the passage in pen and 

paper mode, without seeing it, from memory and match their handwritten text with the original, 

repeating the process until achieving perfection. Group-B was asked to type the passage and match 

their typed text with the original, also repeating the process until achieving perfection. The data 

for all participants was carefully recorded. Following completion of their assigned tasks, a one-

hour break was provided for their refreshment and to create a lighter research environment for the 

later phase of the research. Subsequently, the second phase of the study began, involving the 

presentation of a new, unseen conceptual passage to all participants, which they were instructed to 

read attentively. In this phase, the roles of the participants were reversed. Group A was required 

to type the passage without viewing it, then compare it to the original and repeat the process until 

achieving accuracy. Meanwhile, Group B was tasked with handwriting the passage on paper, then 

comparing it to the original text and repeating the process until they felt they had achieved 

perfection. Following the completion of each participant's task, their data was recorded. 

Measurement 

The time taken to memorize the material and the accuracy of the memorization were 

assessed. Time was measured in minutes, and accuracy was measured as the percentage of 

correctly memorized information. Mean and standard deviation of time taken were calculated.  The 

obtained data was loaded into SPSS-20.0  software and homogeneity and independent sample t-

tests were computed to compare the recall speed and recall accuracy of the groups. 

 

Result and Discussion  

The result of the recall speed of the participants of Group-A and Group-B has been given in Table 

1 below: 

Table 1: Recall time of the participants in phase-I of the study 

 Group Task 

Assigned 

N M 

(in minute) 

S.D. t 

(df = 48) 

 

Recall 

Time 

A Handwriting 25 21.04 4.25  

10.64** 

B Typing 25 35.44 5.27 

** p < 0.01 

As given in Table 1, the recall speed of Group-A, i.e., the handwriting group (M = 21.04, 
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S.D. = 4.25) was found to be lower than that of Group-B, the typing group, (M = 35.44, S.D. = 

4.25). The value of t-ratio was found to be significant at 0.01 level of significance, t(48) = 10.64, 

p < 0.01. Further, for the recall speed of the participants for phase-II of the study has been given 

in Table 2 below: 

Table 2: Recall time of the participants in phase-II of the study 

 Group Task 

Assigned 

N M 

(in minute) 

S.D. t 

(df = 48) 

 

Recall 

Time 

A Typing 25 36.36 5.54  

13.18** 

B Handwriting 25 20.40 2.45 

** p < 0.01 

As evident from Table 2, Group-A, this time assigned the task of typing showed a higher 

recall time (M = 36.36, S.D. = 5.54) than that of Group-B, (M = 20.40, S.D. = 2.45) which was 

assigned for handwriting in the second phase. The calculated t-ratio was found to be significant at 

0.01 level of significance, t(48) = 13.18, p < 0.01. Both the phases of the study witnessed a better 

recall speed of the groups assigned typing than those that were assigned handwriting. Therefore, 

it is statistically evident that the handwriting groups took lesser time to recall and displayed a far 

better recall speed than the typing groups. The null hypothesis, stating, “there will be no significant 

difference between the typing group and handwriting group in their recall speed”, thus stands 

rejected. 

Further, the calculated t-ratio for the recall accuracy of both the groups for phase-I of the 

study has been given in Table 3: 

Table 3: Recall Accuracy of the participants in phase-I of the study 

 Group Task 

Assigned 

N M 

(in percent) 

S.D. t 

(df = 48) 

 

Recall 

Accuracy 

A Handwriting 25 89.04 2.30  

10.28** 

B Typing 25 78.80 4.42 

** p < 0.01 

As displayed in Table 3, the mean recall accuracy of Group-A i.e., handwriting group, (M 

= 89.04, S.D. = 2.30) was found to be higher than that of Group-B, i.e., typing group, (78.80, S.D. 

= 4.42). The calculated t-ratio was found to be significant at 0.01 level of significance, t(48) = 

10.28, p < 0.01. The recall accuracy of the participants for phase-II of the study has been given in 

Table 4: 
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Table 4: Recall Accuracy of the participants in phase-II of the study 

 Group Task 

Assigned 

N M 

(in percent) 

S.D. t 

(df = 48) 

 

Recall 

Accuracy 

A Typing 25 77.76 5.05  

9.97** 

B Handwriting 25 88.88 2.11 

** p < 0.01 

From Table 4, it is clear that Group-A assigned with the task of typing displayed a lower 

recall accuracy, (M = 77.76, S.D. = 5.05) than Group-B (M = 88.88, S.D. = 2.11). The calculated 

t-ratio for the recall accuracy of the two groups was found to be significant at 0.01 level of 

significance, t(48) = 9.97, p < 0.01. In both the phases, the recall accuracy of the typing group 

was lower than that of the handwriting group, despite the fact that the roles were switched in these 

two phases. Therefore, it can be stated that handwriting has a better recall accuracy than typing. 

The null hypothesis, “There will be no significant difference between the typing group and 

handwriting group in their recall accuracy” is therefore rejected. 

Conclusion 

The study found significant differences in recall time and recall accuracy between the 

typing group and handwriting group at both the phases of the study, where the files were switched. 

Group B which was assigned the task of memorizing the concept by typing in phase-I of the study, 

took a greater amount of time in memorizing the concept and showed lower accuracy in recall as 

compared to Group-A which was assigned with the task of memorizing the concept by 

handwriting. In the second phase of the study, when the task assigned to groups were reversed, 

i.e., the Group-A was asked to type and Group-B was asked to memorize by handwriting, the result 

showed similar pattern of results where Group-B took lesser amount of time and had higher 

accuracy than that of Group-A. Therefore, it can be concluded that, handwriting is still a more 

sustainable way of memorizing. The researcher is inclined to believe some evolutionary 

perspective behind this phenomenon of the human mind and suggests a scope of future research 

in this domain to find out the cause behind it. The study's limited sample size, composed solely of 

adolescents residing in the city of Patna, Bihar, hence, necessitates caution in generalizing the 

current findings. This study can be viewed as preliminary, prompting the need for future 

investigations with larger, more diverse samples, encompassing different age groups, and studying 

at various educational levels. To enhance the comprehensiveness of future research, potential 

moderation effects from socio-demographic factors, such as family income level, family structure, 

along with the locality of participants should be considered. The research did not study the impact 

of typing and handwriting in the long-term memory of the participants, thus necessitating a need 

for further refined research in this domain.  
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