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The purpose of this study was to test an integrative model regarding the impact 
of information and communication technology (ICT) on achievement in physical 
education. Pupils’ perceptions of autonomy-support from teacher, satisfaction 
of basic psychological needs, and self-determined motivation were considered 
to mediate the impact of ICT on pupils’ cognitive skills and motor performance. 
Ninety-six pupils (44 boys and 52 girls; Mage = 12.40 years) were assigned to 
either the ICT or the traditional teaching (TT) condition of a quasi-experimental 
design. Results from path analyses supported the hypotheses that: (a) perception 
of autonomy support from teachers satisfies pupils’ basic psychological needs; (b) 
basic needs satisfaction in turn leads to greater self-determined motivation, which 
(c) then contributes to the enhancement of cognitive skills and motor performance.

Keywords: Motor performance, cognitive skills, self-determination theory, psy-
chological need satisfaction.

Research centered on the frequency of adolescents’ physical activity has dem-
onstrated that teenagers, especially boys, may prefer to be involved in technology-
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related activities rather than spending their free time on physical exercise (Allison 
et al., 2005). It should not therefore come as a surprise to learn that fitness profes-
sionals are showing an interest in building meaningful, structured digital technol-
ogy environments to take advantage of pupils’ propensity to use computers during 
their unstructured free time. One of their objectives is to incorporate Information 
and Communication Technology (ICT) into physical activity programs to motivate 
adolescents and young adults to become more physically active (NASPE, 2004; 
Trout, 2006).

Although ICT covers any product that will valuably store, retrieve, manipu-
late, transmit or receive information electronically in a digital form, the majority 
of physical education (PE) departments report a lack of training in using ICTs as 
well as how to deal with technical problems. Examining the barriers to the uptake 
of ICT by PE teachers, Thomas and Stratton (2006) underlined that “time was 
seen as the major barrier in using ICTs in PE, because the time needed to set up 
the equipment was limited” (p. 628). Due to the challenges in using ICTs, many 
teachers use traditional methods for transmitting information, such as, verbal 
explanations and demonstrations. Furthermore, to help pupils visualize content 
and remember what they have learned, PE teachers often provide them with brief 
written explanations and diagrams that depict the movement patterns to be carried 
out. However, these conventional teaching aids are of questionable relevance to the 
many dynamic movement parameters (i.e., displacement velocity and acceleration 
profiles) that have to be remembered and reproduced. Moreover, some PE teachers 
regularly question the value of handouts in terms of pupils’ motivation (i.e., creat-
ing and maintaining a high level of pupil involvement in motor learning; Höffler 
& Leutner, 2007; Stratton & Finch, 2001).

New technology has come to be regarded as an integral part of sport practice 
today, with regard to monitoring physical effort (wristwatch/ heart rate monitor), 
correcting posture (image database) or elaborating collective strategies (interactive 
computer applications as spreadsheets) (Papastergiou, 2010; Russell & Newton, 
2008). In this respect, for PE teachers, integrating ICT in PE lessons seems to be a 
new challenge to optimize potential motivational and behavioral benefits. Moreover, 
the examination of the literature suggests that the integration of ICT in PE may 
have an impact on pupils’ motivation and, also may directly or indirectly—through 
motivation—influence performance.

Self-Determination Theory
Motivation with respect to academic learning—including learning in PE—can 
be fruitfully described through the lens of the Self-Determination Theory (SDT; 
Deci & Ryan, 2008). Self-determined motivation consists of freely engaging and 
persisting in an activity for the sake of pleasure that is experienced in this activity. 
Such an experience is fostered by the satisfaction of three psychological needs—
namely autonomy, competence, and relatedness—that can be provided by social 
contexts such as the learning or the training context that is promoted by teachers or 
coaches (e.g., Legrain, Paquet, d’Arripe-Longueville, & Antonini Philippe, 2011; 
Sarrazin, Vallerand, Guillet, Pelletier, & Cury, 2002; Zhang, Solmon, Kosma, 
Carson, & Gu, 2011).
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The need for autonomy reflects the need for individuals to feel volitional and 
responsible for their own behavior (deCharms, 1968). An interpersonal context is 
said to be autonomy-supportive when teachers provide a meaningful rationale for 
performing the tasks, emphasizing choice rather than control, and acknowledging 
students’ feelings and perspectives (Deci & Ryan, 1987). With regard to this need, 
Hennessy, Deaney, and Ruthven (2003) showed that ICT teaching conditions led 
teachers to support children’s autonomy and were associated with an increase in 
students’ self-regulation of learning.

The need for competence is the individual’s inclination to interact effectively 
with the environment, the satisfaction of this need providing him or her with a 
feeling of efficacy (White, 1959). In PE settings, such a feeling was recently found 
to be promoted by an instructional approach that integrated multimedia blogging 
(Papastergiou, Gerodimos, & Antoniou, 2011).

The need for relatedness concerns the degree to which an individual feels con-
nected and accepted by others (Baumeister & Leary, 1995). Regarding the relation-
ships between this need and ITC, Smeets and Mooij (1999) showed that compared 
with traditional lessons, ICT lessons significantly increased social interactions 
between the teacher and pupils and among pupils during lessons.

Given the aforementioned implicit links between ICT and the satisfaction of 
the basic needs that foster self-determination, ICT may be regarded as a powerful 
instructional tool that may increase learners’ motivation (Harp & Mayer, 1998; 
Passey, Rogers, Machell, & McHugh, 2004; Wang, 2008). However, to date, no 
study could be found that examined the effects of ICT in the PE domain on pupils’ 
need satisfaction and self-determined motivation.

ICT in Academic and Sport Settings
ICT influences learning and performance both directly and indirectly, through the 
impact of motivation on performance. In academics, psychological needs satisfac-
tion and self-determined motivation have been shown to be mechanisms that underlie 
the relationships between social factors and performance (e.g., Gillet, Vallerand, 
Amoura, & Baldes, 2010; Mouratidis, Vansteenkiste, Lens, & Sideridis, 2008). In 
the sport domain, because motor tasks mainly consist of mentally visualizing a 
process or a procedure to act, the visual animations embedded in ICT instructional 
tools can be considered as relevant means for execution (Elbourn & Cale, 2001; 
Wood, 2005) that can exert a direct influence on motor performance.

With regard to motor learning (Schmidt, 1988; Wulf & Shea, 2002), visual 
animations may help children’s perceptions and actions to be more finely tuned as 
they progress through learning (Plumert, Kearney, Cremer, Recker, & Strutt, 2010). 
Especially in novices, the role of representation in learning may depend on whether 
the motion being depicted generates a mental model of the dynamics encompassing 
the movement itself, the trajectory, coordinated changes over time and changes in 
velocity (Bétrancourt & Tversky, 2000; Michas & Berry, 2000). Moreover, when 
the motor performance depends on a movement perception, as for morphocinetic 
skills, providing learners with data about the key characteristics of the skill to 
perform (e.g., pace, direction) enables them to integrate new information at their 
own pace, leading to representational and motor benefits (Beashel & Sibson, 2000). 
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Consequently, despite the few empirical research dedicated to the effects of new 
technology on the representational parameters of motor skill acquisition, both in 
youth sport and PE settings (Tearle, 2004; Tearle & Katene, 2005), motor benefits 
are expected from using key applications such as databases, presentation, graphics 
and web design software in the process of motor skill acquisition.

Based on the above-mentioned literature suggesting that ICT may influence 
self-determined motivation and learning in academic settings, the aim of the cur-
rent study was to examine the influence of ICT integrated into PE lessons and 
pupils’ perceptions of autonomy support from their teacher on their cognitive skills 
(i.e., knowledge relative to determining factors of the performance) and motor 
performance in gymnastics. Although previous studies evidenced direct positive 
relationships between instructional device and skills in academic (e.g., Bétrancourt 
& Tversky, 2000; Michas & Berry, 2000) and sport settings (e.g., Liebermann et 
al., 2002), no studies have yet examined the effect of the integration of ICT on 
motor performance in PE. We postulated that ICT integration would directly predict 
positive posttest motor performance and cognitive skills. The hypothesized model 
of relationships between the variables under study is depicted in Figure 1.

We hypothesized that, dummy coding the experimental conditions of ICT 
and traditional teaching (TT) in a structural model, ICT and pupils’ perceptions 
of autonomy support would facilitate the satisfaction of basic psychological needs 
assessed in a posttest (e.g., Quested & Duda, 2011; Taylor & Lonsdale, 2010), after 
controlling for pretest psychological need satisfaction and motor performance. 
Drawing on both theoretical (e.g., Deci & Ryan, 2008) and empirical research 
(e.g., Gillet, Rosnet, & Vallerand, 2008; Tessier, Sarrazin, & Ntoumanis, 2010), 
we also hypothesized that pupils’ satisfaction of basic needs at posttest would 
positively predict their self-determined motivation toward PE, which in turn would 
positively predict pupils’ posttest motor performance (after controlling for pretest 
motor performance) and cognitive skills (e.g., Boiché, Sarrazin, Grouzet, Pelletier, 
& Chanal, 2008; Ratelle, Guay, Vallerand, Larose, & Senécal, 2007).

Figure 1 — Hypothesized Model
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Method

Participants

Ninety-six adolescents from the same school in the Champagne-Ardenne region 
of France (44 boys and 52 girls; mean age = 12.40 years; SD = 0.55) volunteered 
to take part in the study. Pupils were predominantly white, and most were from 
a middle-class socioeconomic background. At the beginning of the experiment, 
participants had never encountered ICT in their PE lessons. They were randomly 
assigned to one of two instructional conditions (ICT vs. traditional teaching, TT).

Procedure

This quasi-experiment took place at the beginning of the academic year. The 
procedure included the following three phases: (a) pretest measurements, (b) 
six physical practice sessions, and (c) posttest measurements. After receiving a 
full explanation concerning the nature and purpose of the study, participants and 
families provided written consent before the study. The study was approved by the 
local ethics committee and was conducted in accordance with ethical guidelines 
(Harriss & Atkinson, 2009).

Pretest Measurements. Because they had no prior experience in gymnastics, 
participants were pretested during a PE lesson by a PE teacher blind to the 
experiment on four motor tests (i.e., tone, coordination, upper limb explosive 
strength, and balance) at four different stations. At the first station, participants 
were asked to hold a candlestick position for two seconds, standing on the back of 
their shoulders with their feet pointing toward the ceiling and their arms flat on the 
floor (shoulder stand). At the second station, participants had to perform a single 
forward roll without using their hands to stand up. At the third station, participants 
were asked to perform a gymnastic back roll on low parallel bars from and to a 
standing position. At the fourth station, participants had to perform ten push-ups, 
lowering and raising their body in a prone position using their arms.

Before the motor tests, participants were asked to complete a questionnaire 
measuring their use of new technology in everyday life; to control the family IT 
environment. Participants also completed two other questionnaires measuring their 
psychological need satisfaction in PE (Gillet et al., 2008), and their perceptions of 
their teacher’s autonomy-supportive behavior (Gillet, Vallerand, Paty, Gobancé, 
& Berjot, 2010).

Physical Practice Sessions. In accordance with the curriculum, the ICT and TT 
participants all received six two-hour gymnastics lessons in which they performed 
similar gymnastic exercises after a 20-min warm-up session. The same PE teacher 
who was trained to integrate ICT into the PE lessons taught all the lessons for 
both groups. The ICT and TT participants were split up into small groups of 4–5 
participants and practiced exercises within a gymnastics circuit, spending 20 min 
at each station. This circuit comprised five fully equipped stations dedicated to 
floor, parallel bar, mini-trampoline, balance beam, and junior foam vaulting horse 
exercises. In line with the Year 5 PE curriculum, the PE lessons had two main 
educational goals: Learning to turn and learning to reverse.
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In the ICT condition, participants practiced the PE situations within an ICT 
learning environment that comprised of two televisions with video cassette record-
ers, two camcorders, ten pocket computers for recording and reviewing their perfor-
mances, and an interactive whiteboard connected to a computer running software 
developed by the ICT-PE team of the local education authority (http://www.ac-reims.
fr/datice/eps/tice_eps/productions_acad/powerpoint_gym/powerpoint_gym.html). 
Implemented under Microsoft Windows 2000/XP, this software invited pupils to 
select an apparatus and a theme (turning, reversing) and then showed them which 
daily exercises to perform. For each apparatus, they could observe a same-age expert 
model demonstrating the required skills and read written instructions as to how to 
copy them. To detect classic movement mistakes, they also had access to a techni-
cal databank in which the expert model demonstrated four common errors, all on 
the same screen. Finally, depending on which error they had selected, participants 
could view video footage suggesting exercises designed to improve the movement.

In the TT condition, participants practiced the same PE situations within a more 
traditional instructional learning environment using diagrams and written instruc-
tions that described the daily exercises to perform for each theme and each piece 
of apparatus. Pupils were told to use colored sheets containing technical diagrams 
to detect four possible classic movement errors made by their fellow participants. 
Finally, they were provided with a handbook describing the same four common 
errors for each movement as in the ICT condition, alongside the exercises prescribed 
to correct these errors and improve the movements.

All participants were given three 15-min training sessions in using the tools 
placed at their disposal to help them practice the gymnastic exercises in small 
groups. Thus, the first three lessons began with instructions as to how to use the 
teaching tools with respect to considerations of realism, control, and collaboration 
(Bétrancourt, 2005; Mayer & Chandler, 2001). Participants were trained to: (a) 
search for information in the interactive whiteboard’s databank versus the handbook, 
(b) record video sequences of classmates performing gymnastics exercises versus 
use the worksheets to identify performance errors; and (c) develop a conception-
matching process wherein the classmates’ motor performance was compared with 
the demonstration by the same-age model.

Posttest Measurements. At the end of the sixth practice sequence and in 
accordance with the gymnastic curriculum, all of the participants were videotaped 
in specific situations. Participants were asked to perform a handstand forward 
roll and a cartwheel on the floor, a handstand on the balance beam, a dive roll on 
the mini trampoline, a handstand flat back on the foam vaulting horse, and a half 
turn with rear to front support on the parallel bars. Before this motor posttest, 
participants completed the Perceived Autonomy Support Scale for Sport Settings 
(Gillet, Vallerand, Paty, et al., 2010), the Basic Psychological Needs in Sport Scale 
(Gillet et al., 2008), and the Physical Education Motivation Scale (Tessier et al., 
2010). Finally, participants’ cognitive skills were assessed by means of a technical 
test in a separate and fitted-out room.

Measures

Use of New Technology in Everyday Life. According to the OECD Program 
for International Student Assessment (PISA, OECD 2006) survey, we asked 

http://www.ac-reims.fr/datice/eps/tice_eps/productions_acad/powerpoint_gym/powerpoint_gym.html
http://www.ac-reims.fr/datice/eps/tice_eps/productions_acad/powerpoint_gym/powerpoint_gym.html
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the participants to indicate on a scale ranging from 0 (Never) to 4 (Always) 
how much they used ten different electronic devices (i.e., computer, camcorder, 
CD recorder, mobile phone, MP3 player) in their everyday lives. Participants’ 
responses thus resulted in a score out of 40. Whereas questions of PISA 2006 survey 
indiscriminately addressed student’s computer use at specific (home, school) and 
nonspecific (other places) locations, by using the phrase “everyday life”, we did 
not address any specific location, according to other research (e.g., Selwyn, Gorard, 
Furlong, & Madden, 2003; Silverstone, 1996). By doing so, we ensured that any 
possible location of ICTs use was included without being prominently mentioned.

Motor Performance. Participants’ motor performance was videotaped and 
independently assessed by two judges who were familiar with gymnastics skills 
and blind to the purpose of the study and experimental conditions. The judges 
practiced using the scoring scheme (i.e., not performed = 0 point, performed with 
two imperfections = 1 point, performed with a single error = 2 points, well performed 
= 3 points) by watching pilot videotapes of 10 same-age pupils performing the 
gymnastics exercises featured in William’s (1997) gymnastics curriculum. The 
raters created four different scales for the pretest (i.e., tone, coordination, upper limb 
explosive strength, and balance), and five scales for the posttest (i.e., floor, balance 
beam, mini-trampoline, vaulting horse, and parallel bars). The judges clarified 
any discrepant coding before rating the experimental videotapes for subsequent 
data analysis. For the pilot videotapes, rater agreement ranged from 92% to 98%. 
Interrater reliability for motor performance judgments on the pretest and posttest 
was assessed by calculating the percentage of agreement between the two judges. 
These analyses yielded a high percentage of agreement ranging from 91.62% to 
97.75%, and good intraclass correlation coefficients ranging from r = .74 to r = 
.88. Therefore, the judges’ motor performance ratings were averaged.

Perceived Autonomy Support. The Perceived Autonomy Support Scale for Sport 
Settings (Gillet, Vallerand, Paty, et al., 2010), adapted to the PE context, was used to 
assess pupils’ perceptions of the autonomy support they received from their teacher 
(α = .93; e.g., “I feel that my PE teacher provides me with choices, options, and 
opportunities regarding how to do this sport activity”). Answers were given on a 
7-point scale ranging from 1 (Strongly disagree) to 7 (Strongly agree). Previous 
research found this scale to have acceptable convergent validity, temporal stability, 
and internal consistency reliability (α = .91; e.g., Gillet, Vallerand, Amoura, et al., 
2010; Gillet, Vallerand, Paty, et al., 2010).

Psychological Needs Satisfaction. Satisfaction of the needs for competence 
(5 items, α = .93; e.g., “In PE, I often feel very competent”), autonomy (5 items, 
α = .74; e.g., “In PE, I have the opportunity to make decisions”), and relatedness 
(5 items, α = .85; e.g., “In PE, I have a lot of sympathy for the other pupils”) was 
measured using the Basic Psychological Needs in Sport Scale (Gillet et al., 2008) 
adapted to the PE context. Gillet et al. (2008) reported adequate factorial validity 
for the questionnaire as well as good internal consistencies for its subscales (α = 
.72; α = .80; and α = .83, respectively). Pupils were asked to rate how true each 
of the statements was on a scale ranging from 1 (Not at all true) to 7 (Completely 
true). Given the quite small sample size and to reduce the number of variables 
in the tested model, an overall index of need fulfillment which aggregates scores 
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across the three needs (α = .88) was used according to Gillet, Fouquereau, Forest, 
Brunault, and Colombat (2012; see also Gillet, Colombat, Michinov, Pronost, & 
Fouquereau, 2013; Smith, Ntoumanis, Duda, & Vansteenkiste, 2011).

Self-Determined Motivation in PE. Pupils completed the Physical Education 
Motivation Scale (see Tessier et al., 2010). This tool is a 22-item inventory that 
assesses intrinsic motivation (α = .85), identified regulation (α = .81), introjected 
regulation (α = .80), external regulation (α = .88), and amotivation (α = .89). 
Each item follows the stem “Why do you engage in PE lessons?”, and responses 
are given on a 7-point scale ranging from 1 (Never) to 7 (Always). To reduce the 
number of parameters in our hypothesized model, the different subscales were 
combined into a composite index of self-determined motivation (α = .83; e.g., 
Grolnick & Ryan, 1987; Ryan & Connell, 1989). This index reflects the extent to 
which pupils’ motivation is more or less self-determined. It was created by summing 
each intrinsic motivation item multiplied by +2, each identified regulation item by 
+1, each introjected and external regulations item by -1, and each amotivation item 
by -2. Thus, higher scores on this index reflect a more self-determined motivation. 
Previous validation efforts have shown this scale to provide scores with acceptable 
reliability (α = .90 for intrinsic motivation toward stimulation, α = .88 for intrinsic 
motivation toward knowledge and accomplishment, α = .84 for identified regulation, 
α = .69 for introjected regulation, α = .67 for external regulation, and α = .78 for 
amotivation; e.g., Boiché et al., 2008).

Cognitive Skills. Participants’ cognitive skills were assessed by means of a 
technical test asking pupils to observe a videotape of five floor exercises they had 
performed during the physical practice sessions. The five gymnastics exercises 
(i.e., scale, jump full turn, forward roll, backward roll, and cartwheel) were 
modeled by a same-age and same-sex model. For each exercise (presented twice), 
participants were asked to note down any execution errors they had spotted and 
suggest technical corrections in a two-column format. The video was made by two 
gymnastics experts, who identified four main behavioral errors for each exercise and 
put forward four technical suggestions for correcting them. Participants’ responses 
were coded in comparison with those of the experts and scored out of a total of 
40 points, with one point allocated for each error detected and one point for each 
relevant suggested correction.

Analyses
Preliminary Analyses. One-way ANOVAs (Group: ICT vs. TT) were computed 
to verify that the two groups did not differ as regards the criteria used to select the 
participants (see Table 1). No significant differences between the two groups were 
found on: (a) scores at the motor pretest, F(1, 94) = 3.13, p = .08, η2 = .03); (b) 
gymnastics experience at their former schools and outside school, F(1, 94) = 1.93, 
p = .17, η2 = .02, and (c) use of new technology in everyday life, F(1, 94) = 1.63, 
p = .20, η2 = .02. As a result of these preliminary analyses, the two groups were 
not significantly different with respect to the dependent variables measured at the 
start of the experiment. Moreover, the effect sizes were small. Consequently, at the 
beginning of the study, the two groups were considered equivalent with respect to 
motor skill, gymnastics experience, and previous use of technology.
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The means, standard deviations, and correlations across the study variables are 
set out in Table 2. Pupils’ posttest need satisfaction was moderately and positively 
correlated with ICT, teacher’s autonomy support, pretest need satisfaction, pretest 
motor performance, and self-determined motivation. Cognitive skills were moder-
ately and positively correlated with ICT and self-determined motivation. Finally, 
posttest motor performance was moderately and positively correlated with ICT, 
self-determined motivation, and pretest motor performance.

Main Analyses. Due to the relatively small sample size, the proposed model 
was specified as a path analysis, using the robust maximum likelihood method 
with EQS 6.1 (Bentler, 1993). It contained four exogenous variables (i.e., the 
experimental condition, teacher’s autonomy support, pretest basic need satisfaction, 
and pretest motor performance) and four endogenous variables (i.e., posttest basic 
need satisfaction, self-determined motivation, cognitive skills, and posttest motor 
performance). We applied the incremental fit index (IFI) and the comparative 
fit index (CFI) as incremental fit indexes, and the root mean square error of 
approximation (RMSEA) represented an absolute fit index. According to Hu and 
Bentler (1999), satisfactory fit of a hypothesized model to the data are indicated 
when the IFI and CFI are close to .95, and the RMSEA is close to .06. We also 
calculated the Satorra-Bentler χ2 (S-B χ2) and used the chi-square/df ratio (values 
lower than 2 indicate an adequate fit, Byrne, 1989) to determine model fit.

Results
Model fit indices revealed that the proposed model fit the data well: S-B χ2 (df = 
12, N = 96) = 14.38, p = .28; χ2/df = 1.21; IFI = .98; CFI = .99; RMSEA = .05. 
However, as shown in Figure 2, the pathway between pretest and posttest need 
satisfaction was not significant (γ = .18), nor was the pathway between the experi-
mental condition and posttest motor performance (γ = .11). Experimental condition 
(γ = .19), teacher’s autonomy support (γ = .24), and pretest motor performance (γ = 
.42) were positive predictors of posttest need satisfaction. We also found a positive 
relationship between posttest need satisfaction and self-determined motivation (β 
= .49). In turn, self-determined motivation was significantly and positively related 
to posttest motor performance (β = .16) after controlling for the influence of pre-
test motor performance (γ = .61). Finally, cognitive skills were significantly and 

Table 1 Means (and Standard Deviations) for Participants’ Motor Pretest, 
Gymnastic Experience and Use of New Technology at Home (N = 96)

Information and Communication 
Technology (ICT) (n = 48)

Traditional Teaching (TT)  
(n = 48)

Motor pretest 1.73 (0.75) 1.45 (0.81)

Gymnastic experience 2.22 (1.05) 1.93 (1.00)

Use of new technology in 
everyday life

22.73 (6.50) 20.92 (7.37)
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positively predicted by experimental condition (γ = .36) and by self-determined 
motivation (β = .34)1.

Next we tested two alternative models. In the first one, experimental condition 
predicted teacher’s autonomy support. Then, autonomy support predicted satisfac-
tion of psychological needs at posttest controlling for pretest need satisfaction and 
motor performance. Finally, need satisfaction at posttest predicted self-determined 
motivation, which in turn predicted pupils’ posttest motor performance (after 
controlling for pretest motor performance) and cognitive skills. In the second one, 
experimental condition and autonomy support predicted pupils’ posttest motor 
performance (after controlling for pretest motor performance) and cognitive skills. 
Then, posttest motor performance and cognitive skills predicted need satisfaction at 
posttest controlling for pretest need satisfaction. Finally, need satisfaction at posttest 
predicted self-determined motivation. Results revealed that these two alternative 
models exhibited a worse fit than the hypothesized model (e.g., CFI = .81 and .82 
for the first and second alternative models, respectively). The hypothesized model 
was thus judged the most plausible model on the basis of both theoretical and 
empirical grounds.

Discussion
The purpose of the current study was to test a model examining how ICT integrated 
into PE lessons as well as pupils’ perceptions of autonomy support from their teacher 
may influence pupils’ cognitive skills and performance in gymnastics, directly 
and indirectly through the mediation of basic psychological needs satisfaction and 
self-determined motivation. Results from structural equation modeling analyses 
supported our model. These findings have a number of implications.

Figure 2 — Results from the Path Analysis. Note 1. All coefficients were standardized. Note 2. All 
relationships are significant (p < .05) with the exception of that between the experimental condition 
and posttest performance as well as that between pretest and posttest need satisfaction.
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First, results revealed that perceptions of autonomy support were positively 
associated with basic need satisfaction, which in turn predicted contextual self-
determined motivation. In other words, the more pupils’ basic psychological needs 
were satisfied, the more their motivation toward PE was self-determined. These 
results are consistent with previous research in education showing that psycho-
logical need satisfaction mediates the relationship between autonomy support and 
self-determined motivation (e.g., Amorose & Anderson-Butcher, 2007; Lavigne, 
Vallerand, & Miquelon, 2007).

Second, results revealed that ICT integrated into PE lessons was positively 
associated with posttest need satisfaction. These results parallel recent research 
findings which reported that students involved in an ICT physical activity pro-
gram showed greater interest in the courses and displayed more attention, found 
the activity more attractive (Höffler & Leutner, 2007; Stratton & Finch, 2001), 
and demonstrated a higher level of motivation for maximizing peer interactions 
(Papastergiou et al., 2011). These results show that for pupils aged 12–13, an ICT 
environment leads to higher psychological need satisfaction, specifically when they 
perceive the learning process is conducted by a perceived autonomy-supportive 
teacher during gymnastics lessons.

Third, our results showed that self-determined motivation positively predicted 
pupils’ cognitive skills and gymnastics performance. This finding is in line with 
our hypotheses and also with recent research on the role of self-determined moti-
vation in the prediction of performances in educational (e.g., Boiché et al., 2008; 
Ratelle et al., 2007) and sport settings (e.g., Gillet, Vallerand, Amoura, et al., 2010). 
More generally, the present results also provided support for self-determination 
theory postulates and many other investigations in PE which have shown that self-
determined motivation predicts positive consequences such as increased effort, 
physical activity intention, and positive affect (e.g., Taylor, Ntoumanis, Standage, 
& Spray, 2010; for a review, see Ntoumanis, 2012). Particularly, this finding 
contributes significantly to the comprehension of the ICT value in educational 
contexts and specifically in PE. Insofar as adolescents are more likely to display 
motivated behavior according to the pedagogical environment, pupils considered 
camcorders, pocket computers and computer running software connected to an 
interactive whiteboard as useful to provide valuable information in recording and 
reviewing their performances in PE. In particular, the more ICT provides pupils 
with the opportunity to improve their analytical skills and performance and to work 
constructively together, the more pupils would perceive ICT as an operational tool 
helping them to become independent learners (Beashel & Sibson, 2000). Such a 
learning environment would combine a form of extrinsic motivation with a form 
of intrinsic motivation to use the pedagogical tools placed at their disposal.

Finally, although ICT use positively and directly predicted cognitive skills, this 
learning condition did not directly predict the gymnastics performance. Cognitive 
benefits are consistent with motor learning theory whereby considerable knowledge 
is acquired by novices at the first step of learning, when cognitive processes are 
regarded as predominant (Schmidt, 1988). Furthermore, this finding emphasizes 
that ICT is beneficial for conveying knowledge about dynamic movements. This 
would encourage PE teachers to use ICT to help pupils build a mental model of 
what they have to perform. The augmented information that is conveyed by ICT 
provides pupils with a valuable guide that helps them be aware of performance 
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criteria and meet these criteria to reinforce correct performance (Schmidt, 1988; 
Tearle & Katene, 2005; Wulf & Shea, 2002). However, in comparison with tradi-
tional instructional learning environment, ICT would not directly favor immediate 
motor benefits in movement execution.

Concerning this direct influence of ICT, the difference between cognitive and 
motor benefits may be due to the participants’ developmental immaturity (von 
Hofsten & Fazel-Zandy, 1984) in selective attention, retention and control pro-
cesses, and lack of experience affecting their ability to translate their perceptions 
into actions (Plumert et al., 2010). Additional research is needed to examine older 
and more experienced participants’ psychological and motor responses in an ICT 
learning environment.

The results of the current study are inconsistent with prior findings indicating 
that ICT in a PE setting leads to significant gains in motivation (ICT self-efficacy) 
but not to significant gains in basketball knowledge (Papastergiou et al., 2011). 
Nevertheless, this inconsistency can be partly attributed to differences between 
the design of the current study and the one used by Papastergiou et al. (2011). In 
Papastergiou et al.’s study, the ICT course was not incorporated into the basketball 
practice as taught on the court. Therefore, these authors attributed their results to 
a lack of contextualization. Moreover, differences between basketball and gym-
nastics must be discussed with regard to closed and open motor skills involved in 
the performance.

There were several limitations to our study. First, the small sample size means 
that caution needs to be exercised in drawing conclusions, and the potential for ICT 
to have a meaningful impact on motivational changes may be restricted to the closed 
skills involved in gymnastics performance. Further research may be warranted with 
a larger sample and a sport environment in which open skills are required (Wulf & 
Shea, 2002). A second limitation concerns the lack of a control group. A third one 
pertains to the lack of qualitative data on the participants’ use of the teaching tools 
to interact with each other. Future research should examine the participants’ verbal 
and nonverbal interactions in small groups in relation to the amount of time spent on 
guidance tools (e.g., worksheets, video footage, handbook, interactive whiteboard) 
and the amount of time spent practicing (e.g., d’Arripe-Longueville, Gernigon, 
Huet, Cadopi, & Winnykamen, 2002). Fourth, measuring pupils’ self-determined 
motivation at the pretest would have been useful to avoid an unbalanced model 
leading to bias. Indeed, the high path coefficient from posttest need satisfaction 
to posttest self-determined motivation could be due to the absence of control of 
self-determined motivation at the pretest, whereas the low path coefficient from 
posttest self-determined motivation to posttest motor performance could be due to 
the control of motor performance at the pretest. Furthermore, cognitive skills were 
only assessed through a technical test on floor exercises, which were deemed to 
be most familiar to them given their level of gymnastic proficiency. To narrow the 
gap between the physical and cognitive tests, a more refined cognitive test may be 
used in the future.

Although PE teachers are interested in motor learning outcomes achieved 
through new, innovative, or different delivery methods, ICT is still very much an 
untapped resource for enhancing young people’s ability to participate in a wide 
range of sports and other movement-based activities. In line with previous research 
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(Russell, & Newton, 2008), the current study demonstrated that an ICT environ-
ment can foster pupils’ motivation in a PE setting. The results suggest that the 
integration of ICT could be an interesting alternative strategy to enhance children’s 
self-determined motivation for learning, and thus help them acquire new motor 
skills. Because questions have been raised about the contribution of PE programs 
not only to physical fitness, but also to the primary academic mission of schools 
(Russell & Newton, 2008), these results suggest that better preparing PE teachers 
to integrate ICT into lessons may benefit pupils.

Note
1. We also tested whether the hypothesized model adequately fit the data for each condition. 
Consequently, we tested model invariance by constraining all paths to be also equal across groups. 
Comparison of the CFI values between this model and the unconstrained model yielded a negli-
gible difference, ΔCFI = -.02, thus suggesting that the hypothesized model applied equally well 
to both groups. Similarly, mean intraclass correlation of all variables (ICC = .11) was relatively 
low. Overall, results suggest that, despite mean differences between groups, variance and covari-
ance matrices are equivalent for both ICT and TT conditions.
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